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Abstract 

Parents often increase private investment in their children when they fear the negative effects of an 

adverse event. However, such an endogenous response makes it difficult to identify the cost of the 

adverse event and those disadvantaged by the shock. This study investigates the nature of an adverse 

shock that leads to endogenous responses by parents. Relying on the types of damage caused by the 

Great East Japan Earthquake, we find that parents exposed to intense ground motion increased their 

investment in children’s cognitive skills. This positive response survives or becomes even larger after 

accounting for physical destruction and radioactive contamination. 
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1 Introduction

Adverse events can have long-lasting impacts on children. A large body of the literature

has quantified the consequences on children’s educational attainment of various types of

adverse events such as hurricanes (Sacerdote, 2012; Deuchert and Felfe, 2015), volcanic

eruptions (Nakamura et al., 2021), rainfall (Maccini and Yang, 2009; Shah and Steinberg,

2017), earthquakes (Caruso and Miller, 2015; Wang et al., 2017; Ushijima, 2019), radioactive

fallout (Almond et al., 2009), famine (Meng and Qian, 2009), forced migration (Bauer et al.,

2013; Becker et al., 2020), and epidemics (Almond, 2006; Gensowski et al., 2019).1 Yet, much

less is known about the mediating role played by parental investment in the years follow-

ing adverse events. Parents may adjust their investment in their children in response to a

shock for several reasons. They may attempt to compensate for the human capital dam-

aged by the shock, especially cognitive skills and health, by increasing private investment

in their children.2 Severe adversity may also alter the ways in which parents perceive their

returns to investment at home by, for example, shifting their preference from fixed assets

toward mobile assets such as human capital (Becker et al., 2020). However, such positive

responses by parents make it difficult to identify the real cost of adverse events as well as

mask those truly disadvantaged by the shock if parents with sufficient resources only can

afford additional investment. Indeed, despite the significant implications for both research

and policy design, there is little direct evidence on whether such parental response exists,

and if so, how and in what context parents respond to adverse shocks.

This study contributes to the literature by directly observing parental investment after

the Great East Japan Earthquake in March 2011. There are two main advantages to using

this approach. First, the Great East Japan Earthquake caused several types of damage such

1Other studies have examined the long-run impacts of family grief (Black et al., 2016) and maternal stress
in general (Aizer et al., 2016).

2One strand of the literature has shown that adverse events directly reduce the human capital of chil-
dren. In particular, prenatal exposure to stressful events such as earthquakes and hurricanes have negative
impacts on birth outcomes, health status, and cognitive skill development (Glynn et al., 2001; Almond, 2006;
Lauderdale, 2006; Camacho, 2008; Simeonova, 2011; Aizer et al., 2016; Black et al., 2016; Persson and Rossin-
Slater, 2018). Almond et al. (2009) reported the detrimental impact of radioactive contamination on children’s
cognitive skills.
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as flooding, collapsed buildings, and radioactive contamination due to the meltdown of a

nuclear power station as well as intense ground motion that lasted for nearly three minutes.

Regional variations in the extent of the physical damage allow us to disentangle the types

of shocks to which parents responded. Second, we have detailed information on the hazard

of earthquakes before the shock occurred. Some adverse events are predictable, albeit not

perfectly. Parents may thus change their investment behavior in the face of an anticipated

hazard, raising an endogeneity concern about the identification of the impact of adverse

events. Thanks to the rich information on the pre-earthquake hazard level available pub-

licly in Japan, we can condition on the level of prior risk and compare those affected by the

shock with those unaffected.

Deriving data from an administrative longitudinal survey tracking children born in

2001, we estimate the reduced-form impacts of the earthquake shock on parental invest-

ment. We compare the trajectories of parental investment before and after the earthquake

for those children in severely affected locations with that of children who resided in un-

affected locations but suffered the same pre-earthquake hazard level. We first proxy for

the extent of the shock by using seismic intensity (Z), a measurement of the magnitude

of ground motion. We then examine whether the impact of ground motion survives after

controlling for variables measuring physical damage and radioactive contamination, along

with other mediating factors.

Our analysis reveals that parents responded to the adverse shock, particularly to ground

motion. Specifically, we find that parents exposed to intense ground motion increased their

investment in children’s cognitive skills. At age 15, the children in the treatment group

received 1.5 times higher spending on complementary private education (e.g., tutoring

schools) than the children in the control group. Parents partially financed the increase in

cognitive skill investment by substituting from their spending on noncognitive skills (e.g.,

music and sports), although this accounted for only a minor proportion of the increase in

cognitive skill investment. Importantly, the increased investment in cognitive skills trans-

lated into an improvement in standardized selectivity scores, a proxy of standardized test
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scores at the time of high school admission. Children exposed to severe ground motion

were admitted to high schools with a selectivity score 0.22 standard deviations higher than

the high schools to which children exposed to no ground motion were admitted.

To narrow the mechanism behind this behavioral response by parents, since earth-

quakes affect parental investment for many reasons, we conduct additional analyses. We

find that the increased investment in cognitive skills was not driven by attrition, migra-

tion, local demand and supply shocks, or other medicating factors such as increases in

household income or declines in home education. Moreover, parents did not increase their

investment to compensate for reduced public investment in education either. Interestingly,

the impact of ground motion on parental investment remained or became larger after we

controlled for proxies for the physical destruction of family wealth (e.g., the numbers of

flooded households or injured) as well as a proxy for the lower latent human capital (e.g.,

radioactive contamination). On the contrary, the proxies for physical destruction had neg-

ative impacts on investment in cognitive skills: the children in regions with high numbers

of injured or flooded households received less spending on their cognitive skills from their

parents than the children in regions with little physical damage. Thus, parents responded

to the earthquake shock, but differently depending on the type of shock. While physical de-

struction had reducing impacts, the experience of traumatic ground motion raised parental

investment in cognitive skills, even in the absence of physical destruction. Our best inter-

pretation of this finding is that such a response is driven by a shift in the preferences of

parents toward mobile assets and/or parents’ belief that the event directly harmed their

children’s cognitive skills.

This study contributes to the literature in several ways. First, we provide direct evi-

dence that the same adverse event can change parental investment in both positive and

negative ways. To evaluate the effect on educational outcomes, previous studies have paid

attention to the positive investment response by parents and even reported suggestive ev-

idence, even though direct measurements of parental investment were often unavailable

(Almond et al., 2009; Gensowski et al., 2019; Becker et al., 2020). For example, in their esti-
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mations of the impact of in utero exposure to the Chernobyl fallout on school performance,

Almond et al. (2009) found that their negative treatment estimate on school grades was

larger among children with less educated fathers, implying a mitigating effect of parental

investment among children with high endowments. We are by no means the first to exam-

ine the direct measurements of parental investment.3 However, we are one of the first to

disentangle the shock owing to physical destruction from the shock owing to the intense

experience of adversity, while still observing the direct measurements of parental invest-

ment.4 Our results imply that a simple reduced-form estimate of the impact of adverse

events on educational outcomes may be biased upward depending on the size of physical

destruction and the extent of the mitigating role played by parents.

Second, this study shows the importance of accounting for the anticipation effect when

estimating the impact of natural disasters on individual outcomes. Because individuals

with specific traits may self-select into living in regions with a high hazard, the adverse

shock from natural disasters is not completely random. In the context of this study, it is

also essential to account for regional differences in returns to education before the shock

since some families may systematically migrate to regions with a higher return. Previous

studies examining the impact of natural disasters have addressed the similar endogene-

ity concerns by controlling for time-invariant unobservables (Hanaoka et al., 2018; Johar et

al., 2022) and exploiting identification variations in the distance to the path of hurricanes

in proximate areas (Currie and Rossin-Slater, 2013). We explicitly address the endogene-

ity concerns by using the pre-earthquake hazard level right before the Great East Japan

Earthquake. We provide clear evidence that the significant treatment effect observed in the

pre-earthquake period is mitigated substantially once we condition on this pre-earthquake

hazard. Controlling for the prior educational environment also plays an important role in

3For example, in the developing country context, (Deuchert and Felfe, 2015) observed that a hurricane
lowered family wealth, resulting in a decline in parental investment and children’s test scores; however, they
did not differentiate the physical destruction effect from possible offsetting effect by parents. We interpret
that the physical destruction effect dominated any mitigating role played by parental investment in their
case.

4To the best of our knowledge, the only related evidence is provided by Johar et al. (2022), who found that
experiences of flood and earthquake had the opposite effects on risk preferences depending on whether the
shock directly or indirectly affected a region.
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eliminating the pre-trends.

Finally, this study provides suggestive evidence for estimating a production function

of children’s skill formation. The literature has identified the technology of children’s skill

formation, notably the elasticity of substitution between several types of skills and other

input factors (Cunha et al., 2010; Boca et al., 2014; Attanasio et al., 2020a,b; Gensowski et

al., 2020, etc.). Using a control function approach, studies have often found suggestive

evidence of the compensating behavior of parents in the face of a negative shock to their

children’s development. According to Cunha et al. (2010), the productivity of investment

in both cognitive and noncognitive skills is underestimated when they do not account for

the endogeneity in the investment decision and time-variant heterogeneous shocks. At-

tanasio et al. (2020a,b) also adopted a control function approach and reported suggestive

evidence of positive parental response to adverse shocks.5 Hence, while the literature fo-

cuses on infants and younger children in developing countries, this study shows that such

a behavioral response is more general by providing direct evidence for early teenagers in a

developed country.

The rest of this paper is organized as follows. Section 2 introduces the datasets used in

the analyses. Section 3 describes the identification strategies. Section 4 presents the main

results along with the results of some sensitivity tests. Section 5 narrows the mechanisms

driving the main treatment effect. Section 6 concludes.

2 Data

2.1 The Earthquake Shock

To evaluate parental response to a natural disaster, we rely on the large adverse shock

caused by the Great East Japan Earthquake in 2011. The major ground motion took place

5In particular, under their control function approach, the residual of investment is negatively associated
with children’s health and cognitive skills (Attanasio et al., 2020a). In addition, they found that their OLS es-
timates, which considered investment as exogenous, were lower than the estimates dealing with endogenous
investment for all ages (5, 8, and 12 years) and for both for health and cognitive skills (Attanasio et al., 2020a).
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at 2:46 pm on March 11. The earthquake, magnitude 9.0 on the Richter scale, hit numerous

areas along the Pacific coast in eastern Japan. Although Japan is known for its frequent

serious natural disasters, the Great East Japan Earthquake caused some of the worst physi-

cal destruction in the country’s history, leading to 19,667 deaths, 2,566 missing people, and

more than 121,000 homes destroyed (Ministry of Internal Affairs and Communications).

We measure the extent of the earthquake shock first by using the seismic intensity mea-

sure constructed by the Japan Meteorological Agency (JMA). Seismic intensity (Z) mea-

sures the ground motion in a location. The JMA records the seismic intensities of all local

ground motions at more than 1700 monitoring stations in Japan. We focus on the main

earthquake on March 11, 2011 and construct a location-level (e.g., municipality-level) seis-

mic intensity measurement by taking the weighted average of the seismic intensities at

the three monitoring stations closest to the municipality’s city hall. The average is then

weighted by the inverse of the distance between the city hall and each monitoring station.

This measurement was adopted by Hanaoka et al. (2018). According to the JMA, a seismic

intensity of four (Z = 4) is the level at which people are startled and find hanging objects

such as ceiling lights swinging significantly. At a level of five (Z = 5), people are frightened,

TVs may fall from their stands, and windows may break and smash. In essence, seismic

intensity proxies for the extent of the shocks caused by ground motion and subsequent

destruction caused by quakes, such as collapsing buildings.6

Importantly for our analysis, the degree of the shock differs substantially by location.

The left-hand panel of Figure 1 maps the seismic intensities in each location at the time of

the earthquake. The darker areas indicate those areas with more intense ground motion,

showing that the shock gradually fades as we move away from the epicenter. As illustrated

in the figure, the most intense quakes were concentrated on the eastern part of the main

island, even though people in the northeast still felt some ground motion.

Although a higher seismic intensity tends to indicate greater physical damage owing to

ground motion, the same seismic intensity can indicate different types of shocks. Indeed,

6Appendix Figure A1 provides more detailed images of the extent of the shocks at a given seismic intensity.
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the Great East Japan Earthquake was characterized by several types of destruction, not

only the damage directly caused by ground motion. One prominent shock was caused

by the subsequent tsunami. Because the earthquake was triggered at a plate boundary

in the Pacific Ocean, it resulted in an enormous tsunami that flooded coastal areas and

increased the death toll due to drowning. The subsequent meltdown of the Fukushima

nuclear power station was also initiated by the tsunami, and this lead to concern about

radioactive contamination across eastern Japan.

Figure 2 shows the relationship between seismic intensity and several measurements

of the damage caused by the earthquake. Similar to seismic intensity, the damage data

are provided at the location level.7 We weight the binned scatterplot by the number of

observations in the main dataset (i.e., the Longitudinal Survey of Newborns in the 21st

Century, LSN21), as shown later. Figure 2 illustrates that 10–20% of the locations were

damaged by the earthquake in some way. They also experienced different types of shocks

at the same seismic intensity. For example, at a seismic intensity of five (Z = 5), some

locations had virtually no flooded or damaged houses, whereas others suffered extensive

physical damage due to the tsunami or collapse of buildings.

This study exploits the variations in such physical damage to disentangle the charac-

teristics of adverse shocks to which parents respond. In the main analysis, we first define

children’s treatment status by using the seismic intensity (Z) in the location in which the

family lived two months before the earthquake, January 2011. We then control for physical

damage to examine whether the treatment effect is nullified or mitigated by factors other

than ground motion.

2.2 Anticipation of the Shock

People often anticipate natural disasters, albeit not perfectly. Because parents with specific

traits may avoid living in high-risk regions, choice of residence and parental investment

are determined endogenously to an adverse shock caused by a natural disaster. To identify

7Appendix A presents the information sources.
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the impact of an adverse shock, it is therefore crucial to account for the likelihood of the

earthquake hazard before it occurs.

In this vein, we draw on the pre-earthquake seismic hazard (H) provided by the Japan

Seismic Hazard Information Station, which it estimates based on periodic activities in sub-

duction zones and the location and size of faults. In particular, the pre-earthquake seismic

hazard measures the likelihood that a given 250-meter mesh will experience a ground mo-

tion intensity exceeding a certain value within a target period. We construct the location-

level pre-earthquake hazard by taking the average of the 16 closest meshes surrounding

the city hall of the municipality in 2010, right before the earthquake shock occurred. The

right-hand panel of Figure 1 maps the location-level pre-earthquake hazard. The Pacific

coast, especially the southern central regions along with the Nankai Trough, are known for

their high risk of earthquakes occurring.8 The areas hit by the Great East Japan Earthquake

were also those areas originally having a relatively high pre-earthquake hazard before the

earthquake in 2011. In the main analysis, we exploit the fact that the shock was exogenous

conditional on the initial pre-earthquake hazard. In other words, we compare those fam-

ilies hit by the earthquake shock with those not hit by the shock but who lived in an area

with a similar pre-earthquake hazard level.

2.3 Parental Investment and Child Outcomes

We use the LSN21 administered by two Japanese ministries.9 The LSN21 tracks children

born between January 10 and 17, 2001 and it is conducted on January 18 every year. At the

time of the Great East Japan Earthquake, these children were 10 years and studying in year

4 at primary school. Data on detailed parental investment have been available since 2009,

three waves before the earthquake. We focus on the waves of 2009 to 2016, until age 15 (i.e.,

right before high school enrollment). Restricting our sample to the children observed in

8The Japanese government has aimed to raise awareness of the dangers of earthquakes. For example, the
Ministry of Education, Culture, Sports, Science and Technology requires local schools to educate students in
years 3–5 about earthquake preparation.

9The Ministry of Health, Labour, and Welfare (MLHW), and the Ministry of Education, Culture, Sports,
Science, and Technology (MEXT).
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these waves leaves us with 7,339 children, approximately 28% of all those born in the same

period in Japan. The mortality rate is negligible—even at the time of the earthquake.10 The

attrition rate is not negligible but has no significant associations with the treatment variable

(see Section 5.3 and Appendix D).

One advantage of the LSN21 is that it allows us to observe both pecuniary and nonpe-

cuniary investment in children’s skills by parents. For pecuniary investment, the survey

records three types of monthly expenditure in the month before the survey period (i.e., De-

cember): (1) tutoring schools, (2) after-school clubs such as sports and music, and (3) all

other expenditure on the child including on food, clothes, tuition, and medical treatment

(only in some survey years). Spending on tutoring schools is a popular form of parental

investment in East Asia.11 These tutoring schools directly supplement the child’s math, lan-

guage, and science skills in preparation for entrance exams to advanced schools. We con-

sider expenditure on (1) tutoring schools as a proxy for parental investment in children’s

cognitive skills. On the contrary, expenditure on music and sports activities are consid-

ered to nurture children’s confidence and social and emotional skills. Indeed, studies have

found positive associations between these activities and the development of noncognitive

skills (Hille and Schupp, 2015; Smith et al., 2014; Lees and Hopkins, 2013)12. We use expen-

diture on after-school clubs to capture a proportion of parental investment in noncognitive

skills.

For nonpecuniary investment, we observe the extent of the mother’s or father’s commit-

ment to children’s study at home until age 12. The LSN21 also asks whether parents often

take children to cultural facilities including museums, zoos, botanical gardens, aquariums

10According to the Vital Statistics, the overall mortality rate for children aged 10 to 14 years was 0.000124%
in 2011, slightly higher than the rates in 2010 (0.000094%) and 2012 (0.000087%). Altogether, 1% of the re-
ported deaths that resulted from the Great East Japan Earthquake were suffered by the 10–14-year-old age
group (Ministry of Health, Labour and Welfare). Although the LSN21 does not identify the attrition due to
deaths, the mortality rate due to the earthquake in our sample is considered to be low.

11According to a survey in Beijing, Seoul, and Tokyo, the proportions of 10- and 11-year-old children who
regularly study at tutoring schools are high: 76.6% in Beijing, 72.9% in Seoul, and 51.6% in Tokyo (Institute
and Research, 2006).

12One exception is Knaus et al. (2020), who reported that regular physical education negatively affected
boys’ emotional symptoms. However, they also found that this adverse effect was driven by students en-
gaging in the same sports at school rather than in the sports of their choosing, thereby increasing the tension
between winners and losers among peers.
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(“museums”), and musicals and concerts (“concerts”). Later, we examine whether parents

responded to the adverse shock by substituting one type of investment for another.

In addition to parental investment, the LSN21 includes proxies for the child outcome

variables. As our main outcome variable, we measure children’s cognitive skills by using

the standardized selectivity score of the high school to which they were admitted. The

selectivity score is constructed from national-level standardized tests and hence is tightly

linked to children’s test scores in the year before enrolling in high school (year 9).13 Ap-

pendix A describes in detail the procedure used to construct these variables.

Table 1 reports the baseline summary statistics by treatment status. The children in

the treatment group comprise approximately 34% of the original sample. As shown in

the lower half of the table, the children in our sample expected to have a severe earthquake

within the next three decades at a probability of 21.37% in 2010. Treated locations have large

standard deviations in the damage measures (i.e., numbers of dead and missing), ensuring

large variations in physical damage within the treatment group. Before the Great East

Japan Earthquake, the treatment and control groups have some different characteristics.

The children in the treatment group are slightly less likely to have no parent or a single

parenting status and live with their grandparents than the children in the control group.

In the main analyses, we check the sensitivity of the results against the inclusion of these

control variables.

Table 2 reports some of the proxies for parental investment and child outcomes across

selected survey years. Spending on cognitive skills grows with age, while spending on

noncognitive skills declines. Spending on cognitive skills becomes as high as about USD

530 at age 15, three months before the exams for high school admission or winter school

break. Parents typically spend more on tutoring schools over school holidays when those

schools offer extra programs. Spending on the cognitive skills of children aged 15 diverges

13Studies have estimated production functions to identify the technology of children’s skill formation, no-
tably the elasticity of substitution of several types of skills. Cunha et al. (2010) estimated the elasticity of
substitution between cognitive and noncognitive skills, while Attanasio et al. (2020a) estimated the produc-
tion functions for cognitive skills and health capital. We do not adopt this approach because of a lack of
outcome information in some survey years.
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markedly in the treatment and control regions: parents in the treatment group spend an

average of 50% more on children’s cognitive skills than parents in the control group. The

children in the treatment group receive higher spending on average, even at age 8 (i.e.,

before the earthquake shock). Section 4 shows that the pre-existing difference in parental

investment is driven by the pre-earthquake hazard as well as regional differences in school

environments. The proportion of mothers or fathers looking after their children’s schooling

declines as the child ages, suggesting lower nonpecuniary parental investment.

The LSN21 contains other information that could mediate the earthquake’s impact on

parental investment and child outcomes, including parents’ employment status (every

year) and income information (available in limited waves). These variables are also used to

examine whether the behavioral response by parents was driven by their financial situation

or another mechanism (Section 5).

3 Identification Strategy

Our estimation framework relies on geographical variation in the seismic intensities driven

by the Great East Japan Earthquake in March 11, 2011. To identify the impact of the earth-

quake, we compare the outcome variable of those children who were in regions severely

hit by the earthquake (treatment group) against those otherwise similar children in regions

unaffected by the earthquake (control group). Our baseline model starts with a child-level

fixed effect model:

Yit = xitβ +
∑

s 6=2011

γsI(Treatj) + τt + θi + εit (1)

where Yit is parental investment in child i in year t; I(Treatj) is an indicator of treatment

status, which is defined by the seismic intensity in location j (defined by municipality) in

which child i was registered as a resident as of January 2011; xit is a set of time-variant

control variables; τt is a vector of dummy variables that indicate year t; and εit is a random

shock. Because our data consist of one cohort, born in January 2001, the age effects are not
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separately identified from the year effects.

The parameter estimates for γ provide the treatment effect on parental response in each

year (baseline year = 2011). Specifically, we estimate the impact of a high seismic inten-

sity (Zj ≥ 4.5) in each year compared with the control group (Zj < 2). Thus, we stack a

sample of children in both the control and the treatment groups and estimate the difference

between these two groups by year. We define our treatment group in this way because

physical damage increases with Z for a seismic intensity of 4.5 or higher (Figure 2). The

frequency of earthquake occurrences also declines sharply at a seismic intensity of 4.5.14 In

Appendix B, we also examine the consistency of the main results by altering the treatment

thresholds.

In our estimation model, we account for a broad set of time-varying individual and

regional traits (xit).15 These control variables are relevant for interpreting the mechanism

of the main results. We first present the estimates without these time-varying variables

and then discuss the mechanism in light of the potential sensitivity of our main results by

including these control variables (see Section 5). Appendix C also examines the sensitivity

of the main results.

To identify the model, it is essential that both the treatment and the control units fol-

low the same outcome path had the treatment group not been hit by the earthquake. One

important threat to this common trend assumption arises from the anticipation of the earth-

quake shock, as explained in Section 2.2. If local governments facing a high hazard invested

less in public education to finance disaster prevention, parents may have invested more in

14In the 12 months before the earthquake (e.g., March 2010 to February 2011), the average numbers of
earthquakes observed at each monitoring station were N = 1.72 for 1.5 ≤ Z < 2, N = 0.94 for 2 ≤ Z < 2.5,
N = 0.43 for 2.5 ≤ Z < 3, N = 0.18 for 3 ≤ Z < 3.5, N = 0.07 for 3.5 ≤ Z < 4, N = 0.03 for 4 ≤ Z < 4.5,
N = 0.0017 for 4.5 ≤ Z < 5, and N = 0.0006 for 5 ≤ Z < 5.5. Thus, earthquake occurrences become a
disproportionately rare event at a threshold value of Z = 4.5.

15The controlled individual traits include parents’ employment status (out of the labor force, employed, no
mother/father, and unemployed (baseline)), the number of siblings, a dummy to indicate cohabitation with
grandparents, and the BMI and its polynomials. The controlled regional traits include taxable income, the
logarithm of population, the logarithm of expenditure on natural disaster restoration (plus 0.01), the loga-
rithm of the teacher-to-student ratio and its polynomials, the numbers of primary and junior high schools per
100,000 pupils and their polynomials, long-term absence per 1000 pupils and its polynomials, average school
expenditure per pupil and its polynomials, the CPI for education and its polynomials, and the residualized
price for residential land and its polynomials. Appendix A explains how the variables are constructed and
their data sources.
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their children’s education to compensate for the relatively low public investment in local

education before the shock. The estimated γ would then be biased upward. If families in

high-risk regions were likely to stay in those regions because of the relatively high moving

cost, the estimated γ may reflect the credit constraints or low endowments of these families;

therefore, they would be downward biased.16

To address the endogeneity concern, this study takes advantage of the geographical

variations in the pre-earthquake hazard faced by families before the shock occurred. We

first classify each child based on the pre-earthquake hazard in the location in which the

child was registered as a resident as of January 2011. A child is thus grouped into a quintile

bin (q) in accordance with their location at a distribution of the pre-earthquake hazard for

all the children in our sample (e.g., 20th, 40th, 60th, and 80th percentiles for the group-

ing threshold values). We then include the hazard group-specific year effects (hqt) in our

baseline model:

Yit = xitβ +
∑

s 6=2011

γsI(Treatj) + hqt + τgt + θi + εit (2)

where q indicates the hazard group to which child i belongs. Since the term hqt sweeps

out the between-hazard group variation, the estimates of γ are identified by relying on the

variation in each hazard group. Because both the seismic intensity and the pre-earthquake

hazard are measured at the location level, the model in equation (2) essentially compares

the children in the treatment location (Zj ≥ 4.5) with those in the control location (Zj < 2)

but with the same pre-earthquake hazard level.

Equation (2) also conditions on the school environment (τgt) to consider regional differ-

ences in private schooling. In 2010, approximately 8% of children were enrolled in private

junior high schools rather than public ones (Ministry of Education, Culture, Sports, Science

and Technology). Unlike public junior high schools, children must pass the entrance ex-

16Appendix Figure A2 examines this point by showing the relationship between the pre-earthquake haz-
ard and educational investment before the earthquake. Although the pattern is not persistent for all pre-
earthquake hazard levels, we find a negative association between the two variables among observations in
the high pre-earthquake hazard group.
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ams to enroll in private school. To prepare for these exams, parents therefore often increase

spending on tutoring schools when their child is 9 to 12 years. Because private schools are

accessible in the urban areas, we purge out such regional differences in private schooling by

adding year effects specific to the region groups (g), defined by the decile of the proportion

of private junior high schools in the region of the child’s residence as of 2010 (τgt).

Although the common trend assumption is not directly testable, we ensure the identifi-

cation assumption in equation (2) by examining any pre-trends in the parameter estimates

for γ before 2011. We also compare the estimation results with and without hqt and τgt to

characterize the nature of the bias in ignoring the pre-earthquake hazard or local school

environment.

4 Results

4.1 Impact on Parental Investment

We first report our baseline fixed effect estimation results by controlling for the hazard-

specific year effects (hqt) and year effects specific to the region groups defined by the local

educational environment (τgt). We then characterize the nature of the biases caused by

excluding these two sets of variables. As we show when interpreting the mechanism in

Section 5, the reduced-form estimates in this section survive even after we condition on

extensive sets of observed individual and region characteristics (xit).

Figure 3 separately plots the baseline estimates of γ for the models with four types of

parental investment as the dependent variable. Appendix Table B1 presents the detailed es-

timation results used to construct Figure 3. We find the statistically significant and lagged

behavioral responses to the adverse shock. Parents increased their monthly spending on

cognitive skills after age 13 in response to the earthquake. The magnitude of this increase

rose at age 15, three months before the exams taken for high school admission. At age

15, children who lived in locations with Zj ≥ 4.5 received approximately USD 177 more

spending on cognitive skills than children who lived in locations with Zj < 2. Table 1
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shows that parents in the control region spent USD 354 on the child cognitive skills at

age 15. Thus, the children in the treatment group received 1.5 times higher spending on

complementary private education (e.g., tutoring schools) than the children in the control

group. Although statistically insignificant, we also observe small positive impacts on other

spending, as shown in Panel 3. Parents paid for the additional expenses partly by substi-

tuting from their spending on other extracurricular activities. Panel 2 shows a small but

statistically significant decline in spending on noncognitive skills. Specifically, parents in

the treatment group reduced their spending on noncognitive skills by USD 15 per month.

However, this reduction did not cover the full increase in expenses. As shown in Panel 4,

parents in the treatment group paid USD 44.2 more in total at age 14 and USD 185.4 more

at age 15 than parents in the control group.

The lagged increase in parental investment in cognitive skills implies that parents per-

ceived the return to their investment to be higher at the later stage of the child cognitive

development. This is in contrast to studies which have observed dynamic complementar-

ity in parental investment across different stages of the child development (Cunha et al.,

2010; Attanasio et al., 2020a,b). However, our finding is consist with a study on parental

beliefs about returns to their educational investment across different time periods (Boneva

and Rauh, 2018). In particular, Boneva and Rauh (2018) conducted surveys on parents of

primary and secondary school children in U.K., asking them about hypothetical investment

questions at both early (i.e., years 3 to 6) and late (i.e., years 7 to 10) stages of the children’s

cognitive development. According to Boneva and Rauh (2018), parents perceived that the

early investment was significantly less productive than the late investment, and moreover,

parents also believed that the early and late investments were substitutes rather than com-

plements. We interpret the lagged parental response reflecting their belief that the returns

to investment is higher at later stage of the cognitive development, similarly in the context

of Japanese students of the same age range.

The literature suggests the importance of accounting for the anticipation effect when

evaluating returns to education because parents may anticipate policy shocks to their chil-
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dren and reoptimize their decision before the implementation of such policy (Das et al.,

2013). Similarly, natural disasters are anticipated to some extent, as shown in Panel B of

Figure 1. Given that families facing a relatively low moving cost may move to other regions

in the longer run, such anticipation is likely to lead to endogenous responses by parents.

Table 3 explores the factors making the control and treatment groups comparable in

Figure 3. Columns 1 and 4 present the results from the baseline model (i.e., the model

without adding any controls). Specifically, they show the estimates from equation (2) but

without the hazard-specific year effects (hqt) or year effects specific to the region groups

defined by the local school environment, namely, the decile of the proportion of private

junior high schools in each region (τgt). The remaining columns add hqt and/or τgt into this

model to examine any changes in the size and significance of the pre-trends. The results in

Table 3 confirm the importance of accounting for the anticipation effect in the case of natu-

ral disasters. While we obtain significant and sizable estimates of the pre-trends from the

baseline models in column 1 and 4, the magnitudes of the pre-trends shrink substantially

(see columns 2 and 5) once the hazard-specific year effects are conditioned out. The decline

in the negative pre-treatment effects implies that parents who spent less on children’s cog-

nitive and noncognitive skills tended to live in regions with a higher risk of an earthquake

even in the absence of the earthquake shock.

However, conditioning on the pre-hazard is insufficient to remove the significant pre-

trends. The comparison of the columns suggests that the local educational environment

is another important factor to remove the pre-trends. Because the proportion of private

junior high school is higher in treatment regions than in control regions (see Table 1), the

results imply that treated regions had higher school quality and that the parents in such

regions tended to spend less on their children’s cognitive skills before the earthquake. This

finding is consistent with previous evidence showing that public educational investment

crowds out private educational investment (Bray et al., 2014; Yuan and Zhang, 2015). Taken

together, the results confirm the importance of accounting for the anticipation effect when

evaluating parental response to earthquake shocks.
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Finally, Table 4 examines the heterogeneity of parental responses by dividing the sam-

ple by single parenting status and parents’ educational status as of 2010, right before the

earthquake shock. Almond et al. (2009) reported that the adverse shock of the Chernobyl

fallout on children’s cognitive skills was larger among parents with a lower education, in-

terpreting this as evidence for the smaller compensatory investment by parents with lower

initial endowments. In the case of our earthquake shock, we also observe a slightly larger

treatment effect for parents with a higher education compared with the baseline estimates

in columns 1 and 5. We also find that children with a single parent received much less

compensatory investment. Unlike the other children in the treatment group, they received

a smaller increase in spending on their cognitive skills and an even larger decline in spend-

ing on their noncognitive skills at age 15 (in 2016). Although these estimates are less pre-

cise owing to the smaller sample size, Table 4 shows that parental investment after adverse

shocks increases inequality in educational investment among families with and without

large initial endowments.

4.2 Sensitivity Analyses

We conduct several sensitivity analyses of the main baseline results, as presented in the fig-

ures in the Appendix. In short, we find that the treatment variable I(Treatj) is consistently

defined, as the estimated treatment effects become stronger for higher threshold values of

Zj . Appendix Figures B1 to B4 plot the estimation results from using various alternative

treatment definitions but the same control group, which is defined by Zj < 2. While we

find a similar positive effect on monthly spending on cognitive skills, the magnitudes of

the effects rise when the treatment group is defined by higher threshold values. The largest

positive treatment effect (USD 178) is at age 15, when the treatment group is defined by

4.5 ≤ Zj < 5.5, although the estimates are similar for two other definitions of the treatment

groups, namely, 4 ≤ Zj < 5 (USD 166) and 5 ≤ Zj < 6 (USD 170). On the contrary, the

treatment effect falls slightly when 5.5 ≤ Zj < 6.5 (USD 150). In Section 5, we show that the

smaller effects in more severely hit regions are driven by reduced household resources ow-
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ing to the physical destruction. Once we control for physical destruction, we find similar

sized effects as those observed when 4.5 ≤ Zj < 5.5.

4.3 Impact on Child Outcomes

To quantify the impact of increased parental investment on child outcomes, we measure

children’s cognitive ability by using the standardized selectivity score at age 15. The stan-

dardized selectivity score, a counterpart of the standardized test score often adopted in the

literature (Sacerdote, 2012, etc.) reflects a child’s test scores in five main subjects (i.e., math,

science, Japanese, English, and social studies). Leading education institutions publish the

selectivity score required to be admitted to each high school. We merge these high school-

level selectivity scores with the LSN21 by using the name of the high school in which the

child is enrolled. Appendix A7 presents the procedure used to construct the selectivity

scores. Because the selectivity score is available only at age 15, we estimate the following

cross-sectional model:

Y 2016
i = γI(Treatj) + hq + τg + εi (3)

where hq and τg are dummies indicating the region groups defined by the pre-earthquake

hazard and proportion of private junior high schools, respectively.

Table 5 shows the estimation results and reveals that treated children have significantly

higher cognitive skills than control children at age 15. Column 4 of Table 5 shows that

the standardized selectivity score is higher for treated children by 2.2, that is, 4.1% higher

than the one for unaffected children. In column 3, we replace the dependent variable with

a dummy indicating high school enrollment and find no significant effect on enrollment.

Unfortunately, we cannot control for the child fixed effects in equation (3) due to data limi-

tations. To enhance the validity of the estimation, we also estimate the same cross-sectional

model but replace the dependent variable with spending on cognitive and noncognitive

skills at age 15, three months before high school admission. The estimates in columns 1
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and 2 of Table 5 are comparable to the baseline estimates in Table 3. The reduced-form

evidence in this section thus reveals that the increase in parental investment among treated

children was accompanied by an increase in children’s cognitive skills.

5 Mechanism

The earthquake shock could have increased parental investment in children’s cognitive

skills in several mechanisms. First, parents may have aimed to compensate for the lower

quality and quantity of public education after the earthquake shock. Second, the destruc-

tion caused by the earthquake may have affected supply and demand in local markets. If

the shock increased demand for rebuilding, it would generate an income effect through

higher wages, thereby increasing parental investment. Third, selective attrition and migra-

tion to regions with a higher return to education may also account for our results. This

section tests these possibilities individually. In short, none of these mechanisms prevails

(Sections 5.1 to 5.4). We then disentangle the nature of the adverse shock to which parents

responded (Section 5.5). Interestingly, we find that the positive treatment effect survives

even after conditioning on physical damage and radioactive contamination. By contrast,

we find that parents reduced their spending on children’s cognitive skills in response to

physical damage such as flood and injury. Thus, it is intense ground motion itself, rather

than direct physical damage, to which parents positively responded. We interpret such a

behavioral response as driven either by parents’ belief that children’s human capital had

fallen or by a shift in parents’ preference toward mobile assets.

5.1 Substitution from Public Schooling

One possible explanation behind the increased spending on cognitive skills is the sub-

stitution from public educational investment to private educational investment after the

earthquake shock. Previous studies have often reported that parents substitute, rather than

complement, public education when deciding whether to invest in private education (Das
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et al., 2013; Yuan and Zhang, 2015; Ly et al., 2020; Gensowski et al., 2020).17 As the Great

East Japan Earthquake closed many public schools in affected areas, it may have reduced

both the quality and the quantity of public education. Some schools managed to restart

teaching relatively quickly.18 The majority of the schools that were irreparably damaged by

the earthquake also resumed at alternative locations within a few months.19 The Ministry

sent official notifications to all schools to secure the required hours of classes by opening

schools on Saturdays and during holidays (March 25, 2011, Ministry of Education, Culture,

Sports, Science and Technology). However, even if schools managed to restart teaching,

the earthquake may still have limited their resources and thus lowered the quality of pub-

lic education. If parents simply offset the lower quality of public education by investing

more in private tutoring, the positive increase in spending on cognitive skills would reflect

a substitution effect from public to private education.

We examine this possibility by testing whether the positive treatment effect on cognitive

skill investment in Table 3 is nullified when we control for a proxy for the quality of pub-

lic education. To measure the quality of public education in each region, we adopt three

proxies, namely, the teacher-to-student ratio, school expenditure per 1000 pupils, and the

number of primary and junior high schools per 100,000 pupils, all at the region level. The

last variable measures the impact of permanent school closures after the earthquake. Ac-

17Yuan and Zhang (2015) found a negative association between household spending on tutoring schools
and public spending on education among primary and middle school children in urban China. Ly et al. (2020)
observed a similar substitution effect in high school students’ allocation of their time between curricular and
extracurricular activities in Paris. Studies have also reported substantial heterogeneity in the substitution
effects, which are typically strong among low-income families (Yuan and Zhang, 2015) and low-ability stu-
dents (Ly et al., 2020). By contrast, Gensowski et al. (2020) showed in a randomized policy experiment that
this crowding out effect is strong among Danish children with highly skilled parents, while Das et al. (2013)
observed the substitution effect only when the increase in public educational investment was anticipated by
parents.

18The media reported that one primary school in a severely damaged city reopened on March 22 (“How
have you been? What were you doing? Kesennuma Elementary School Resumed”, Asahi Newspaper, March
23, 2011); some children studied at temples until their school opened in Rikuzen Takata City (“Studying at
Terakoya until classes resume”, Asahi Newspaper, April 15, 2011); and four schools started a new semester in
one building together in Ohtsuchi Town (“Four schools start in one building together after grouping”, Asahi
Newspaper, April 24, 2011).

19According to Kamei (2012) who tabulated statistics obtained from prefecture education committees, 165
public schools in the three most affected regions could no longer use their school buildings. By June 2011,
three months after the earthquake, 142 of these 165 public schools were operating in alternative locations,
while the remaining schools remained closed owing to the radioactive fallout from the Fukushima nuclear
power station (Kamei, 2012).
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cording to the estimation results in columns 1 to 4 of Table 6, none of these proxies alter the

magnitude or significance of the treatment effect found in the baseline model. Thus, the

main treatment effect cannot be explained by a substitution from public education, to the

extent that these proxies measure the actual quality of public education. It is also important

to note that treated children had significantly higher standardized selectivity scores than

control children (Table 5), implying that private educational investment does not simply

offset the lower quality of public education, if any. Rather, private investment intensifies.

5.2 Mediating Effects via Other Individual, Family, and Regional Traits

To account for the mediating effects via other time-invariant individual and regional traits,

we repeat similar exercises in previous sub-section by replacing one control variable with

another taken from these variables in columns 5 to 7 of Table 6. In particular, we examine

whether the main treatment effect is mediated by changes in the price of education (column

5),20 the income effect through a lower property price (column 6),21 and family characteris-

tics such as the number of siblings, cohabitation status of grandparents, employment status

of parents, and child’s BMI (column 7).22 Appendix Table C1 also presents the estimation

results with additional regional controls. Appendix Tables C2 and C3 present the same sets

of sensitivity analyses when the dependent variable is replaced by spending on noncog-

nitive skills. To summarize our findings, none of these factors explain the main treatment

effect found in the baseline model. The only minor exception is the price of education. Col-

umn 5 in Table 6 reports that the positive magnitude of the treatment effect declines slightly

in 2016 when we control for the CPI for education.

As shown in Appendix Table F1, we conduct a similar sensitivity analysis by controlling

for income information (available in a limited number of years). Again, we find no signif-

20The CPI for education is measured by price changes in school tuition, education materials, and tutoring
schools.

21Kawaguchi and Yukutake (2017) found a significant decline in the price of residential land in areas af-
fected by the Fukushima nuclear accident.

22The BMI of the child is included to check the mediating effect through changes in their health due to the
radioactive fallout. Attanasio et al. (2020a) observed an important dynamic complementary effect of health
capital on the cognitive development of children from poor households in India.
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icant change in the magnitude of the earthquake shock on parental investment, even after

we control for total household income and other income (i.e., social benefits, capital gains,

and government subsidies offered to severely affected households). Thus, the increase in

spending on cognitive skills shown in the main model is less likely to be explained by

government subsidies.

5.3 Selective Attrition and Migration

Selective attrition and migration may confound the main treatment effects. For instance,

certain types of families may stop responding to the LSN21. If low-income families in af-

fected regions were more likely to drop out of the sample, this would bias the treatment

estimates upward. Likewise, the earthquake shock may have encouraged families to mi-

grate to locations with a higher return to educational investment. Nakamura et al. (2021)

used a volcanic eruption in Iceland as a natural experiment that lowered the mobility cost

incurred by families whose houses had been destroyed by lava. They found that the chil-

dren in these families gained from a substantial increase in their years of schooling and

interpreted this result as evidence for the benefit of moving to regions with a higher com-

parative advantage.

In this vein, we estimate a linear probability model to examine whether this mechanism

also drives the increase in parental investment after the adverse shock. In particular, we

start with a sample of children observed in January 2011 along with information on parental

investment. We then create a dummy variable coded one if the child was not observed at

least once after the earthquake and zero otherwise. We regress the attrition dummy on

a treatment variable, I(Treatj), and its interaction with a low-income dummy, which is

coded one if household income fell below the median household income in January 2011

and zero otherwise. Appendix Table D1 shows that these two variables do not predict the

attrition decision.

We also estimate a similar linear probability model of the migration decision. We create

a dummy variable coded one if the individual lived in a location different from the one
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in which they lived in January 2011 at least once after the earthquake and zero otherwise.

Appendix Table D1 confirms that the migration decision is not significantly correlated with

the treatment and its interaction with the prior income level, although the estimate of the

interaction term is slightly large and positive.

5.4 Local Supply and Demand Shocks

Earthquake shocks have a distinct feature from those types of adverse shocks hitting an

individual only because they affect an entire region and therefore local markets. In par-

ticular, natural disasters inflict physical damage across a vast area and thus raise demand

for reconstruction in the local market. The subsequent increased labor demand raises the

earnings of those working in sectors related to rebuilding. Similarly, physical destruction

may also limit the supply of labor and can increase wages. Groen et al. (2020) found that

Hurricanes Katrina and Rita increased earnings for the workers in these sectors, ascribing

this rise to the reduced labor supply and increased labor demand.

Appendix H checks whether such an income effect explains the increase in parental

investment in children’s cognitive skills. Using the regional and industry-level numbers of

plants from the Economic Censuses of 2009 and 2014 conducted by the Ministry of Internal

Affairs and Communications, our first-difference estimation results show no evidence of

increased local demand. Rather, we observe a consistent decline in the number of plants

in the majority of industries, including the construction sector. More importantly, we find

no mediating effect of household income, as discussed in Section 5.2. The employment

status of parents does not play a role either, as shown in column 7 of Table 6. Therefore,

we conclude that neither the income effect nor changes in local demand and labor supply

explain the main treatment effect.
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5.5 Nonpecuniary Parental Investment

The earthquake shock may have changed the composition of pecuniary and nonpecuniary

parental investment through price changes in the market for private education. In partic-

ular, the adverse shock may have reduced the supply of private tutoring schools due to

the physical destruction in the region. This may also have increased demand for private

education if the shock lowered the quality or quantity of public education. The reduced

supply and/or increased demand would then have risen the price of private education in

the region, thus increasing relative demand for home education. Hence, the adverse shock

would have skewed parents’ spending on the child toward nonpecuniary items if such a

market adjustment existed.

We re-estimate equation (2) with the dependent variable replaced by proxies for non-

pecuniary investment by parents. Specifically, we estimate a linear probability model on a

dummy variable coded one if the mother or father looks after the child’s study at home and

zero otherwise. The information is available up to 2013 (i.e., age 12). As shown in columns

1 and 2 of Table 7, we find no significant increase in parental involvement in children’s

home education. We also observe no significant increases in the probability of children be-

ing taken to museums or concerts (see columns 3 and 4). Thus, the earthquake shock did

not increase nonpecuniary investment.

5.6 Types of Damage

Figure 2 showed that the Great East Japan Earthquake was characterized by several types of

adverse shocks. However, the estimates in Figure 3 mask the exact nature of the shocks to

which parents responded. Ground motion triggers buildings to collapse, floods, injury, and

death. This damage often take place in localized areas, making the identification of each

factor difficult. One main advantage of studying the Great East Japan Earthquake is that

this physical damage varied conditional on the seismic intensity. Hence, we disentangle

the characteristics of the adverse shocks to which parents responded by adding damage
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proxies into the main model in equation (2):

Yit = xitβ +
∑

s 6=2011

γsI(Treatj) +
∑

s 6=2011

δsF (Dj)

︸ ︷︷ ︸
ImpactofPhysicalDamage

+hqt + τgt + θi + εit (4)

where F (Dj) is the log of the damage proxies (plus 0.01) in location j in which child i lived

right before the earthquake. We adopt several measurements of the damage proxies from

Figure 2. We expect adding these proxies to nullify the main treatment effect (γ) if parents

responded to the adverse shocks caused by physical damage rather than ground motion.

Figure 4 plots the estimates of γ and δ, showing, surprisingly, that none of the damage

proxies nullify or mitigate the main treatment effect of ground motion. If anything, the

positive impact of intense ground motion rises slightly in 2016 after conditioning on the

damage. Importantly, some of the damage proxies have negative impacts on spending on

cognitive skills in some years. For example, the number of flooded households has a short-

term negative impact in 2013, while the number of injured has a long-run negative effect

in 2015 and 2016. Thus, the physical destruction due to the tsunami reduced family wealth

and dampened investment in children’s cognitive skills. This finding is consistent with the

developing country evidence that parents shift their resources from spending on children to

reconstructing family wealth after hurricanes (Deuchert and Felfe, 2015). Further, the level

of radioactive contamination had no effect on parental investment in cognitive skills.23

Figure 5 presents the results from similar exercises but with the treatment group re-

placed by those children with Zj ≥ 5.5 rather than Zj ≥ 4.5, while retaining the same

control group (Zj < 2). We find that the impact of intense ground motion becomes even

larger and comparable to the estimates for the treatment group with Zj ≥ 4.5. In the sen-

sitivity analysis in Section 4.2, we showed that the treatment effect falls when we increase

the treatment threshold above Zj = 5. Figure 5 implies that this is due to the mitigating

23Almond et al. (2009) found a negative effect of radioactive contamination from the Chernobyl fallout on
the grade average in the final year of compulsory school and suggested that the radioactive fallout directly
harmed the latent factor in the child development, namely cognitive skills. One interpretation of our zero
effect of radioactive contamination is that parents in our sample did not realize the potential damage to their
children.
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impact of having a negative effect on family wealth.

Appendix E presents the estimate with additional damage proxies. Again, the main

treatment effect of intense ground motion remains significant and large. We also find that

the closer the household to the nearest nuclear power station, the more parents spent on

children’s cognitive skills after the earthquake shock (Appendix Figures E1 and E2). The

negative impact on spending on noncognitive skills in Figure 3 also remains similar—even

after conditioning on the damage proxies (Appendix Figures E3 to E6).

The positive effect of intense ground motion in Figures 4 and 5 can be explained by

two main mechanisms. One possibility is a direct impact on the children’s skill. Health,

cognitive and nocognitive skills are important latent variables in the production process of

the children’s human capital (Cunha et al., 2010; Attanasio et al., 2020a,b). If the adverse

shock directly reduces the latent variable, say children’s cognitive skill, parents would me-

chanically increase their investment in that skill as long as the production process exhibits

diminishing marginal productivity. Indeed, the literature has shown that in utero expo-

sure to stressful events had negative impacts on cognition and health (Glynn et al., 2001;

Almond, 2006; Lauderdale, 2006; Camacho, 2008; Almond et al., 2009; Simeonova, 2011;

Aizer et al., 2016; Black et al., 2016; Persson and Rossin-Slater, 2018).24 Because children

in our sample were 10 years old already at the time of the earthquake, and because the

estimated treatment effect survives even after being conditioned on the BMI (column 7 of

Table 6), the intense ground motion is less likely to affect the health capital of the child

directly. We are also unaware of studies showing direct mechanisms through which the

intense ground motion affects the child cognition. Yet, it is possible that parental belief to-

ward the extent of the damage matters to their investment decision. If the intense ground

motion made parents believe that the ground motion reduced the cognition of the children,

parents would increase the investment in the children’s cognitive skills.

24Depending on the complementarity and substitutability of these latent factors, the impact on one factor
can increase the investment in the other skills. For example, if the adverse shock reduced noncognitive
skills and if noncognitive skills are substitute to cognitive skills, parents may increase the investment in the
child cognitive skills. Bulaon and Shoji (2022) reported a suggestive evidence that exposure to more tropical
cyclones in utero or at infancy hampered the adults’ growth mindset.
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Another possibility is a shift in the preferences of parents toward mobile assets. Previ-

ous studies have provided some evidence in line with this possibility. For example, Becker

et al. (2020) showed that families’ forced migration after World War II shifted their prefer-

ences toward mobile assets over fixed assets. There is also evidence that earthquake shocks

alter preference parameters (Cameron and Shah, 2015; Hanaoka et al., 2018; Akesaka, 2019,

to mention a few).25 The intense quake in the Great East Japan Earthquake lasted nearly

three minutes in some areas, five times longer than that during the Hanshin-Awaji Earth-

quake in Kobe in 1995; indeed, it took six minutes for all the ground motions to dissipate

and more than 500 afterquakes still followed (Fire and Agency, 2013; Kitajima, 2015). Such

an intense experience may have traumatized parents and made them prone to prefer mo-

bile assets, or invest in children’s cognitive skills. Unfortunately, we cannot distinguish

the two underlying mechanisms owing to data limitations. Thus, our best interpretation

is that the positive parental response to the intense ground motion is driven by a shift in

the preferences of parents toward mobile assets and/or parents’ belief that the earthquake

damaged children’s human capital, particularly their cognitive skills.

6 Conclusion

Faced with adverse shocks such as wars and natural disasters, parents may increase private

investment in their children to offset the negative effects on their children’s development.

Such an endogenous response makes it difficult to identify the real cost of adverse events,

which can mislead the design of policies that aid those truly disadvantaged by the shock.

Despite a large body of the literature investigating the long-term consequences of adverse

events on child outcomes, however, little is known about the types of adverse shocks to

which parents respond and how they do so. To identify the exact way in which a shock

25Hanaoka et al. (2018) exploited the regional variation in ground motion during the Great East Japan
Earthquake and found that men exposed to a seismic intensity of four or higher (Zj ≥ 4) became more
risk prone. By contrast, researchers in Indonesia have found evidence that inhabitants of regions hit by
earthquakes are more risk averse (Cameron and Shah, 2015). Using panel data in Australia, Johar et al. (2022)
argued that these contradictory findings depend on whether people’s homes are destroyed.
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triggers compensating behavior by parents, we take advantage of the natural experiment

provided by the Great East Japan Earthquake in March 2011, which caused various types

of damage such as flooding, collapsed buildings, and radioactive contamination due to the

meltdown of a nuclear power station. Exploiting information on the extent of the physical

damage allows us to disentangle the types of adverse shocks to which parents responded

and how.

Relying on an administrative longitudinal survey tracking children born in 2001, we

estimated the reduced-form impacts of the earthquake shock on parental investment. We

compared the trajectories of parental investment before and after the earthquake for chil-

dren in severely affected locations with those of children who resided in unaffected loca-

tions but with the same pre-earthquake hazard level. We found that parents responded

to the adverse shock, particularly to ground motion. More specifically, those exposed to

intense ground motion increased their investment in their children’s cognitive skills. At

age 15, the children in the treatment group received 1.5 times higher spending on comple-

mentary private education (e.g., tutoring schools) than the children in the control group.

Parents partially financed this increase by substituting their investment in their children’s

noncognitive skills with that in their cognitive skills. Importantly, the impact of ground

motion remained or even became larger after we controlled for proxies for the loss of fam-

ily wealth (e.g., the numbers of flooded households or injured) as well as a proxy for the

lower latent human capital (e.g., radioactive contamination). Thus, the experience of an

immense adverse shock per se, particularly ground motion, triggered changes in parental

investment—even in the absence of physical destruction. Our best interpretations of these

findings are that such a response was driven by a shift in the preferences of parents toward

mobile assets and/or that parents’ believed that the event directly harmed their children’s

cognitive skills, although we cannot disentangle these two factors due to data limitations.

Our results have important policy implications. Previous studies have shown that

parental investment often reinforces, rather than compensates for, differences in child en-

dowments (Currie et al., 1999; Currie and Moretti, 2007; Almond et al., 2009; Datar et al.,
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2010). In other words, parents with sufficient resources increase their investment in their

offspring more to mitigate the damage to the children’s endowments owing to an adverse

shock than those parents with limited resources. Such a finding has implications for design-

ing policies to aid those disadvantaged by adversity because parental investment would

then exacerbate the inequality in educational resources and facilitate the intergenerational

transmission of initial endowments. In line with early works, we also found the reinforc-

ing effect of parental investment in that—after adverse shocks—it increases the inequality

in educational investment among families with and without large initial endowments. In

particular, children in a single parent family receive far less positive compensatory invest-

ment: they experience a smaller increase in spending on their cognitive skills compared

with the treatment group and an even larger decline in spending on their noncognitive

skills at age 15. Hence, our results suggest that public subsidies after natural disasters

should target not only those directly affected by physical damage but also those families

with low socioeconomic status.
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Table 1: Baseline Summary Statistics

All Control Treatment
Z < 2 Z ≥ 4.5

Individual (N) 7339 1916 2485

Female 0.51 0.52 0.50
(0.50) (0.50) (0.50)

BMI 16.32 16.33 16.31
(2.20) (2.12) (2.27)

Number of siblings in 2010 1.19 1.26 1.14
(0.73) (0.76) (0.71)

Single or no parent in 2010 0.05 0.06 0.04
(0.22) (0.23) (0.21)

Living with grand parent(s) in 2010 0.36 0.35 0.31
(0.71) (0.70) (0.66)

Location (N) 1233 423 302

Seismic intensity (Z) 2.80 0.75 5.15
(1.79) (0.58) (0.44)

N of the dead/missing per 10000 residents 1.35 0 5.5
(16.02) (0) (32.06)

N of damaged properties per 10000 residents 73.31 0 299.23
(307.49) (0) (564.95)

N of the injured per 10000 residents 0.33 0 1.33
(3.28) (0) (6.53)

N of flooded households per 10000 residents 52.75 0 215.35
(439.10) (0) (868.35)

Radioactivity concentration (μSv/h) 0.058 0.050 0.084
(0.037) (0.012) (0.065)

Pre-earthquake hazard in 2010 (%) 21.37 12.33 25.35
(24.15) (17.65) (20.67)

Proportion of private junior HS in 2010 0.052 0.047 0.070
(0.050) (0.026) (0.075)

Note: Standard deviations in parentheses. Summary statistics on location (e.g., municipality) traits are weighted

by the number of children in LSN21.
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Table 2: Summary Statistics across Selected Survey Years

2009 2013 2016
Age 8 Age 12 Age 15

Control group, Z < 2

Spending on cognitive skills/month (100 JPY) 32.66 124.79 354.23
(61.21) (217.56) (333.80)

Spending on noncognitive skills/month (100 JPY) 91.05 87.73 42.17
(68.47) (80.92) (92.32)

Other spending/month (100 JPY) 228.90 276.40 417.28
(159.45) (238.37) (343.08)

Mother looks after the child’s study (= 1) 0.96 0.77
(0.20) (0.42)

Father looks after the child’s study (= 1) 0.67 0.50
(0.47) (0.50)

High school enrollment (= 1) 0.998
(0.046)

Selectivity score (conditional on HS enrollment) 53.94
(9.20)

Treatment group, Z ≥ 4.5

Spending on cognitive skills/month (100 JPY) 37.54 189.44 529.82
(57.65) (288.57) (407.87)

Spending on noncognitive skills/month (100 JPY) 112.14 97.62 39.16
(78.24) (90.43) (95.44)

Other spending/month (100 JPY) 257.30 307.24 506.47
(201.15) (248.02) (385.54)

Mother looks after the child’s study (= 1) 0.96 0.78
(0.19) (0.42)

Father looks after the child’s study (= 1) 0.67 0.52
(0.47) (0.50)

High school enrollment (= 1) 0.996
(0.060)

Selectivity score (conditional on HS enrollment) 56.01
(9.27)

Note: Standard deviations in parentheses. 100 JPY ≈ 1 USD as of January 2021. “Spending on cognitive

skill” stands for monthly spending on tutoring school. “Spending on noncognitive skill” stands for monthly

spending on after school clubs (music, sports, etc.). “Other spending” stands for other expenditures for the

child including foods, clothes, tuition, and expenses on medical treatment.
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Figure 3: Baseline Estimates for the Impact of Adverse Shock (Treatment: Z ≥ 4.5)

Note: 100 JPY ≈ 1 USD as of January 2021. Each graph shows the estimated impacts of high seis-
mic intensity from a separate individual-level fixed effect model. Control group consists of children
exposed to Z < 2. Dependent variable in panel 1 = monthly spending on tutoring schools. Depen-
dent variable in panel 2 = monthly spending on after school clubs (music, sports etc.). Dependent
variable in panel 3 = other monthly expenditures for the child including foods, clothes, tuition, and
expenses on medical treatment. Information on other investment in panel 3 is not available in 2010
and 2012 due to changes in the questionnaire. N = 35208 in Panels 1 and 2. N = 26406 in Panels
3 and 4. The model controls for child effects and year effects specific to the region groups defined
by the decile of the proportion of private junior high schools in each region, in addition to hazard
group-specific year effects. Spikes indicate 95% confidence interval.
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Table 3: What makes control and treatment groups comparable?

Spending on cognitive skills Spending on noncognitive skills
(1) (2) (3) (4) (5) (6)

no control + hazard + hazard no control + hazard + hazard
+ private + private

2009 -26.06 -11.46 -2.534 5.448 2.930 1.071
(4.559) (3.942) (3.908) (2.255) (2.298) (2.675)

2010 -18.70 -8.244 -1.265 5.729 3.649 3.068
(3.679) (3.291) (3.431) (1.971) (2.101) (2.338)

2012 20.19 4.952 1.279 -3.840 -0.459 0.136
(10.95) (7.306) (3.164) (2.599) (2.567) (2.358)

2013 33.71 11.25 7.760 -5.760 -1.083 -0.858
(8.299) (7.725) (7.765) (2.961) (3.170) (3.308)

2014 -1.731 2.091 14.75 -16.09 -9.011 -8.552
(6.343) (6.341) (6.518) (3.309) (3.367) (3.681)

2015 40.24 38.12 48.39 -20.15 -15.88 -15.44
(7.680) (7.633) (8.602) (3.475) (3.884) (4.388)

2016 144.6 144.8 177.2 -18.65 -16.08 -15.45
(14.71) (15.74) (17.98) (3.577) (3.896) (4.524)

Hazard-year FE No Yes Yes No Yes Yes
Private-year FE No No Yes No No Yes

Note: Each column presents estimation results from a separate individual-level fixed effect model. Base year

= 2011. Control group consists of children exposed to Z < 2. Treatment group consists of children exposed

to Z ≥ 4.5. N = 35208. Dependent variable in columns 1 to 4 = monthly spending on tutoring schools in 100

JPY. Dependent variable in columns 5 to 8 = monthly spending on after school clubs (music, sports etc.) in

100 JPY. 100 JPY ≈ 1 USD as of January 2021. All models control for year effects. “Private-year FE” controls

for year effects specific to the region groups defined by the decile of the proportion of private junior high

schools in each region. Robust standard errors clustered at location level in parentheses.
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Table 5: Impact on Outcomes at Age 15 (Treatment Group: Z ≥ 4.5)

(1) (2) (3) (4)
Spending on Spending on High school Selectivity

cognitive skills cognitive skills enrollment ( = 1) score

180.095 -6.927 -0.002 2.208
(17.676) (3.700) (0.002) (0.514)

N of obs. 4,401 4,401 4,401 3,878

Note: Control group consists of children exposed to Z < 2. Models control for earthquake hazard
group effects and group effects defined by the proportion of private junior high schools as of January
2011. Robust standard errors clustered at location level in parentheses.
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Table 7: Substitution from Other Types of Parental Investment (base year = 2011)

(1) (2) (3) (4)
Mother looks Father looks Often takes to Often takes to

after study ( = 1) after study ( = 1) museums ( = 1) concerts (= 1)

Treatment effect (Z ≥ 4.5)

2009 -0.010 -0.030 -0.0002 -0.014
(0.016) (0.026) (0.038) (0.026)

2010 0.009 -0.002
(0.015) (0.024)

2012 -0.003 -0.011 -0.040 -0.005
(0.017) (0.022) (0.030) (0.020)

2013 -0.005 0.008 -0.050 -0.015
(0.021) (0.025) (0.036) (0.026)

Mean 0.903 0.616 0.321 0.120
N of obs. 14,775 14,775 7,260 7,260
N of children 2,955 2,955 1,815 1,815

Note: Each column present estimation results from a linear probability model. Control group con-
sists of children exposed to Z < 2. Data on dependent variables in columns (1) and (2) is available
between 2009 and 2013, and those in columns (3) and (4) are available in 2009 and 2011 to 2013. The
model controls for the same sets of control variables in column (8) in Table 6. Robust standard errors
clustered at location level in parentheses.
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Y = Monthly spending on cognitive skills

Figure 4: Does Physical Damage Explain the Main Result? (Treatment = Z ≥ 4.5)

Note: Dependent variable = monthly spending on tutoring schools in 100 JPY. 100 JPY ≈ 1 USD
as of January 2021. The two graphs in each row present the estimated treatment effects from the
same individual-level fixed effect model. Righthand side graphs show the estimates for the damage
variables interacted with year effects (base year = 2011). The numbers of the flooded house and the
injured are modified by adding 0.01 before taking the logarithm. All models also controls for the
same sets of control variables included in column 8 in Table 6. Control group consists of children
exposed to Z < 2. Spikes indicate 95% confidence interval.

46



-1
00

0
10

0
20

0
30

0

2009
age 8

2010
age 9

2011
age 10

2012
age 11

2013
age 12

2014
age 13

2015
age 14

2016
age 15

Treatment (Z ≥ 5.5)

-1
0

-5
0

5
10

15

2009
age 8

2010
age 9

2011
age 10

2012
age 11

2013
age 12

2014
age 13

2015
age 14

2016
age 15

Impact of log(the flooded + 0.01) 

-1
00

0
10

0
20

0
30

0

2009
age 8

2010
age 9

2011
age 10

2012
age 11

2013
age 12

2014
age 13

2015
age 14

2016
age 15

Treatment (Z ≥ 5.5)

-6
0

-5
0

-4
0

-3
0

-2
0

-1
0

0
10

2009
age 8

2010
age 9

2011
age 10

2012
age 11

2013
age 12

2014
age 13

2015
age 14

2016
age 15

Impact of log(the injured + 0.01) 

-1
00

0
10

0
20

0
30

0

2009
age 8

2010
age 9

2011
age 10

2012
age 11

2013
age 12

2014
age 13

2015
age 14

2016
age 15

Treatment (Z ≥ 5.5))

-4
00

-2
00

0
20

0
40

0
60

0
80

0

2009
age 8

2010
age 9

2011
age 10

2012
age 11

2013
age 12

2014
age 13

2015
age 14

2016
age 15

Impact of log(radioactivity conentration) 

Y = Monthly spending on cognitive skills

Figure 5: Does Physical Destruction Explain the Main Result? (Treatment = Z ≥ 5.5)

Note: Dependent variable = monthly spending on tutoring schools in 100 JPY. 100 JPY ≈ 1 USD
as of January 2021. The two graphs in each row present the estimated treatment effects from the
same individual-level fixed effect model. Righthand side graphs show the estimates for the damage
variables interacted with year effects (base year = 2011). The numbers of the flooded house and the
injured are modified by adding 0.01 before taking the logarithm. All models also controls for the
same sets of control variables included in column 8 in Table 6. Control group consists of children
exposed to Z < 2. Spikes indicate 95% confidence interval.

47


	1 Introduction
	2 Data
	2.1 The Earthquake Shock
	2.2 Anticipation of the Shock
	2.3 Parental Investment and Child Outcomes
	3 Identification Strategy
	4 Results
	4.1 Impact on Parental Investment
	4.2 Sensitivity Analyses
	4.3 Impact on Child Outcomes
	5 Mechanism
	5.1 Substitution from Public Schooling
	5.2 Mediating Effects via Other Individual, Family, and Regional Traits
	5.3 Selective Attrition and Migration
	5.4 Local Supply and Demand Shocks
	5.5 Nonpecuniary Parental Investment
	5.6 Types of Damage
	6 Conclusion
	References
	Figures and Tables



