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Abstract 

 

This study investigates the long-term effect of fetal exposure to the 1974 Super 

Tornado Outbreak on health and socioeconomic outcomes in adulthood. Using the 

2008-2014 American Community Survey and a difference-in-differences 

framework, we estimate that, in the 30s, this stressful in-utero shock increases the 

probability of vision/hearing difficulty by 17 percent and cognitive difficulty by 8 

percent, and lowers the socioeconomic status by 1 percent compared with 

unaffected cohorts. An estimate implies that the annual income loss from disaster-

driven health problems was $136 million in 2014.  
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Although forecasting technologies have improved substantially, the occurrence of 

natural disasters is still unpredictable in many cases, and the tremendous damage is 

difficult to avoid despite forethought. The Center for Research on the Epidemiology 

of Disasters (CRED) reported that there were 13,407 natural disasters from 1900 to 

2014, resulting in about 33 million deaths, affecting about 7,201 million people in 

total, and causing about $2.7 trillion in damage (Guha-Sapir, Below, and Hoyois 

2016). Even developed countries could not avoid those unpredicted natural 

disasters. During the same time period, 912 natural disasters hit the United States, 

killing 43,683 people, affecting about 28 million people in total, and inflicting about 

$764 billion in damage. However, many existing studies have suggested that the 

economic cost of natural disasters could be greater than that measured by 

immediate property damage, deaths, and injuries if considered from a long-term 

perspective. This study aims to estimate the potential long-term cost of exposure to 

natural disasters, particularly in utero, using the 1974 Super Outbreak, which was 

one of the most violent tornado outbreaks in American history. 

An increasing number of economic studies have revealed the human toll of 

natural disasters that is not immediately observed. Some have found that fetal 

exposure to natural disasters can cause adverse birth outcomes, which is widely 

considered as an early indicator of later outcomes, by utilizing the 1994 California 

earthquake (Glynn et al. 2001), the 2005 Chilean earthquake (Torche 2011), 

hurricanes (Currie and Rossin-Slater 2013), the 1930 Dustbowl (Arthi 2013), and 

so on. It is also studied that fetal exposure to the 1970 Ancash earthquake caused 

negative effects on educational attainment and marriage outcome (Caruso and 

Miller 2015). In recent years, some have tried to show that this adverse impact can 

be transmitted to the next generation by using longer-term intergenerational 

datasets (Tan, Tan, and Zhang 2014; Caruso and Miller 2015; Caruso 2015, 2017). 

Although the mechanism through which fetal exposure to natural disasters led to 

adverse outcomes at birth and later in life has not been clearly revealed yet, the 
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findings of neurobiology literature strongly suggest that maternal stress due to 

direct and indirect exposure to natural disasters can considerably increase the stress 

hormone named cortisol fetuses, and this substantially affects fetal programming 

(Schneider, Coe, and Lubach 1992; Mulder et al. 2002). 

However, several empirical issues remain less clear in the existing literature. 

First, the longer-term effect of fetal exposure to natural disasters is less evident 

because only a small number of studies have looked into the subject so far. Second, 

careful investigation is needed to discuss possible mechanisms, although it is 

difficult to reveal biological channels through economic studies. Third, some 

questions are not explored in detail in the literature. In particular, for better 

understanding the effect of natural disasters, it is important to examine how natural 

disasters affected pregnant women’s health-related behaviors and prenatal-care 

patterns as well as how parents eventually took care of their children who could 

have been inflicted during the disasters (Behrman et al. 1982; Becker and Tomes 

1976, 1986). 

To address these missing points, this study examines the effects of fetal 

exposure to the 1974 Super Tornado Outbreak, which hit 12 states violently within 

24 hours, on the health and socioeconomic outcomes of individuals in their age 30s 

who were selected from the 2008–2014 American Community Survey (ACS). 

Using the difference-in-differences framework and controlling for various fixed 

effects and covariates, we estimate that the fetal exposure increased these 

individuals’ probability of vision or hearing difficulty and cognitive difficulty by 

17 percent and 8 percent, respectively, and lowered their socioeconomic status by 

1 percent compared with unaffected cohorts. These adverse outcomes are more 

substantially observed if the exposure occurred in the first trimester of pregnancy. 

Moreover, we examine the 1) robustness of the estimates under alternative 

specifications, 2) parental behaviors to make up the negative effects on their 

children, 3) avoidance from the disaster, 4) migration patterns after the outbreak, 
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and 5) validity of potential mechanisms. For these analyses, we employ various 

datasets including U.S. population census records and national vital statistics. 

Finally, using these estimates, we approximately calculate the economic cost 

of impaired sensory and cognitive ability in terms of annual income loss. The results 

suggest that the long-term economic cost of fetal exposure to natural disasters can 

be tremendous. We emphasize that reducing the uncertainty of natural disasters is 

one of the most cost-effective ways to minimize such great long-term costs. In the 

concluding remark, we also insist that particular attention and care should be 

provided to expecting mothers and children after stressful natural disasters occur. 

 

I. Related Literature 

Similar to the current study, previous economic studies on natural disasters 

have emphasized the significance of early-life exposure to disasters. This is closely 

associated with a series of economic and medical researches that have found that 

health invasion in utero can affect health and economic conditions over the course 

of a lifetime (Barker 1995; Almond and Currie 2011). The primary studies in 

literature can be summarized as follows. 

First, many have studied the effect of maternal exposure to disasters such as 

earthquakes and hurricanes during pregnancy on birth outcomes. For example, 

Glynn et al. (2001) found that pregnant women who experienced the 1994 

California earthquake during pregnancy had higher incidence of preterm births. 

Torche (2011) estimated that maternal exposure to the Chilean earthquake in 2005 

significantly decreased not only the gestational age but also birth weight. Similar 

effects were found by Simeonova (2011), who examined the risk of preterm birth 

using an array of natural disasters that occurred in the United States during 1968–

1988. Using millions of individual birth records, Currie and Rossin-Slater (2013) 

also found that, from 1996 to 2008, exposure to hurricanes and storms, which are 

stressful events, during pregnancy, increased the probability of abnormal conditions 
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of the newborn and complications of labor including the meconium aspiration 

syndrome. It is worthy to note that these studies argued that exposure to natural 

disasters works as a stressor during pregnancy that affects birth outcomes. 

Second, a small number of studies have extended the scope of the effect of 

natural disasters from a long-term perspective. The study of American Dust Bowl 

in the 1930s would be an example. Using the Integrated Public Use Microdata 

Series (IPUMS) dataset, Arthi (2013) estimated that early-life exposure to the Dust 

Bowl had a significantly adverse impact on later-life outcomes, increasing the 

probability of poverty and disability and decreasing the rate of fertility and college 

completion. However, such adverse long-term effects are not always found in other 

studies. Cutler, Miller, and Norton (2007) examined the Health and Retirement 

Study dataset to measure the effects of early-life exposure to the Dust Bowl on 

chronic conditions and functional limitations in old ages; however, the authors did 

not detect a meaningful relationship. 

Third, a few studies recently investigated the effect of early exposure to natural 

disasters in the intergenerational aspect. Using the IPUMS International data for 

Peru, Caruso and Miller (2015) studied how the Ancash Earthquake of 1970 

affected the exposed fetuses’ educational attainment and marriage outcomes in 

adulthood. Taking a step further, they examined the effect of the incident on the 

next generation. Their key finding is that children of mothers affected at birth by 

the earthquake have 0.4 less years of education, but the effect from father’s 

earthquake experience at birth on children’s education is not estimated to be 

significant. Extending the coverage of countries, Caruso (2017) also estimated 

similar results. Utilizing the IPUMS International data for Latin America and 

integrating the disasters in Latin America in the last 100 years, Caruso showed that 

exposure to disasters in early life (particularly in utero) negatively affected not only 

the socioeconomic outcomes of the first generation but also the second generation’s 

human capital accumulation. Such intergenerational legacies of disasters are 
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estimated in Caruso (2015)’s study on the 1993 Tanzania Flood and Tan, Tan, and 

Zhang (2014)’s study on the 1959–1961 Great Chinese Famine. It is interesting that 

such intergenerational effects are found mostly in the case of the mother’s exposure. 

On the other hand, mechanisms through which early exposure to natural 

disasters affects later-life and next generation outcomes have been investigated in 

scientific studies. Many of them identified psychological stress as a primary 

channel that exerts a substantial toll on the exposed individual’s later outcomes. 

Neurobiology literature has documented that even slight maternal stress could 

significantly increase the fetus’s cortisol level (Mulder et al. 2002), which is known 

to be critical in fetal programming (Schneider 1992). 

Although they did not examine “natural” disasters, several economic studies 

identified stress as an underlying cause of the negative outcomes due to “man-made” 

disasters. Camacho (2008) demonstrated that stress in pregnancy could negatively 

influence a newborn’s birth weight by analyzing the intensity of random mine 

explosions during pregnancy. Lauderdale (2006) identified the negative effect of 

stress on birth outcomes by setting Arabic-name pregnant women after the 9/11 

terror attack as a treatment group. In a longer-term perspective, Aizer, Stroud, and 

Buka (2016) showed that maternal stress was attributed to lower IQ and educational 

attainment among children, and it could cause poor health at age seven. 

 

II. The Super Tornado Outbreak in 1974 

The American Meteorological Society (AMS) defines a “tornado outbreak” as 

multiple tornado occurrences associated with a particular synoptic-scale system.1 

The term “Super Outbreak,” which the current study investigates, generally refers 

to the tornado outbreak consisting of 148 tornadoes that violently hit 13 states from 

noon on April 3 to noon on April 4, 1974. The Super Outbreak with total path length 

                                          
1 Refer to the AMS website (http://glossary.ametsoc.org/wiki/Tornado_outbreak). 
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of 2,598 miles, which is depicted in Figure 1, is notoriously known as one of the 

most violent tornado outbreaks in American history, inflicting 310 deaths and 5,454 

injuries.2 The tornado’s damage is generally scaled using the Fujita scale, ranging 

from F0 (light damage) to F5 (incredible damage). Out of the 148 confirmed 

tornadoes in the Super Outbreak, 95 were scaled as F2 (considerable damage) or 

stronger and 30 were scaled as at least F4 (devastating damage). It was reported 

that the Super Outbreak involved the greatest number of F2 or stronger tornadoes 

in 1880–1998 (Grazulis 2003). These statistics demonstrate the intensity of the 

Super Outbreak. 

The Super Outbreak wreaked havoc on the victims who witnessed and 

experienced this intense tornado outbreak. According to personal experiences 

complied by the National Weather Service (NWS), the victims had to suffer from a 

sense of fear, helplessness, and distress when they viewed the buildings ripped off 

their foundations and witnessed other people being injured or killed (NWS 2016b). 

In particular, one experience suggests that facing the outbreak was detrimental to 

pregnant women as it caused intensive stress during and after its occurrence; the 

experience is described as follows (Forgash et al. 2013): 

 

“I have a client ‘Judy’ referred to me by her primary therapist for eye 

movement desensitization and reprocessing … She is 7 months pregnant. 

She was in a tornado a few months ago … When the weather is even 

slightly rainy and thundering, she escalates into a full-blown panic attack 

and has everyone hiding, checks the weather several times a day, and 

becomes hyper-focused when impending ‘bad weather’ is coming … It 

appears that Judy has been severely stressed since the tornado and has 

intrusive symptoms of PTSD [post-traumatic stress disorder].” 

                                          
2 Source: NOAA’s latest database. 
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Figure 1. Tracks of the 148 Super Outbreak Tornadoes 

 
Source: Fujita (2016) 

 

Although such substantial stress and fear among victims and witnesses 

resulted from the violence of the tornadoes, this is also attributed to the 

unpredictability of the Super Outbreak. Predictability depends on not only the 

extent to which the occurrence of natural disasters is predictable but also how 

quickly people are warned about them. Although about half of the 148 tornadoes 

occurred at night and dawn, such tornadoes could have been more predictable than 

they were since they occurred sequentially over 24 hours. If people had been 

warned about these tornadoes more quickly, then the predictability of the disasters 
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could have been enhanced. Thus, rapid dissemination of warnings is very important. 

It seems that, due to the ineffective tornado warning system, people could not be 

appropriately prepared for this unprecedented tornado outbreak. Although the 

National Oceanic and Atmospheric Administration (NOAA) intended to deliver 

severe weather information to the mass media through the NOAA Weather Wire 

Service (NWWS), few radio and television stations subscribed to NWWS (NOAA 

1974). In addition, some radio and television stations did not realize that the Federal 

Communications Commission had authorized them to stay on the air beyond the 

normal operating hours during weather emergencies. It is suggested that the 

inadequate tornado warning system amplified the impact of the Super Outbreak by 

inflicting chaos and stress on people. 

 

III. Data and Variables 

This study utilizes two datasets: 1) Severe Weather Data from the NOAA 

(2016b) and 2) the 2008–2014 ACS dataset, which is available from the IPUMS 

(Ruggles et al. 2016). 

First, using Severe Weather Data, we identify the 12 states affected by the 

Super Outbreak and measured the intensity of outbreak by state in terms of deaths 

and injuries. As the state of New York was not severely affected by the disaster, we 

count it as unaffected state.3 

Second, from the ACS dataset, we select about 500,000 individuals who were 

born between 1973 and 1975. The ACS provides information on each individual’s 

                                          
3 In the case of New York, only one small tornado (F1 by Fujita rating) struck a county located in 

the southwestern corner of the state along the New York–Pennsylvania border. This tornado caused 

minor damage, engendering no casualties at all. Thus, in this study, the states affected by the Super 

Outbreak include Alabama, Georgia, Illinois, Indiana, Kentucky, Michigan, Mississippi, North 

Carolina, Ohio, Tennessee, Virginia, and West Virginia. 
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state, year, and quarter of birth. Thus, we determine whether the individuals were 

in utero on April 3 and April 4, 1974, regardless of birthplace. We particularly 

assume that those who were born in the second, third, fourth quarters of 1974 were 

in utero during the Super Outbreak. In addition, we can measure whether or not 

their mothers lived during pregnancy in the 12 states affected by the Super Outbreak, 

regardless of their birth year and month. For later discussion, we define the first 

dummy variable as  and the second dummy variable as . 

Third, we obtain each sample’s outcome variables in adulthood from the ACS 

dataset. We employ three variables as the outcomes of early exposure to the Super 

Outbreak: vision or hearing difficulty, cognitive difficulty, and log value of the 

Duncan socioeconomic index. We tried to employ other potential outcome variables 

available from the ACS, but only the three variables mentioned above provide 

meaningful results and implications. The first two variables are measured as 

discrete variables; the Duncan index is estimated using the ACS data reflecting 

educational attainment and income. Because the samples were born in 1973–1975 

and the surveys were conducted in 2008–2014, the outcome variables were 

measured at age 37 on average. 

Fourth, the ACS also contains various demographic and socioeconomic 

variables. We use some of them as control variables in the regression analysis, 

including gender, age, race, Hispanic ethnicity, log value of family income, 

educational level, family size, and dummies that indicate whether the sample lived 

in a metropolitan area and had private and/or public insurance; these control 

variables were also measured in the samples’ late 30s. 

Fifth, there would be various early-life regional conditions that could affect 

outcomes in later lives. We control for such covariates using infant mortality, 

outpatient visits, hospital personnel and violent crime rate, which are measured in 

the sample’s state and year of birth. The first three variables reflect the state’s 

condition of public health and medical care, which might affect the health of fetuses, 
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newborns, and children. We use the violent crime rate to capture the alternative 

aspect of regional stressors that might affect maternal health. 

Table 1 reports descriptive statistics for the variables discussed above. In 

particular, we calculate the average of outcomes and covariates using  (i.e., 

whether or not the sample was born in the 12 Super-Outbreak states) and  

(i.e., whether or not the sample was in utero while the outbreak occurred). Thus, 

the statistics of the treated group are presented in column (3) and those of the 

control groups are summarized in columns (4)–(6). 

 

 

(1) (2) (3) (4) (5) (6) (7)

Tstate i Y Y N N Difference

Tfetal i Mean Std. Dev. Y N Y N p-value

Panel A: Dependent Variables

Vision or Hearing Difficulty 0.023 0.15 0.026 0.024 0.022 0.022 0.040
Cognitive Difficulty 0.042 0.20 0.049 0.045 0.041 0.041 0.004
Log Duncan Socioeconomic Index 3.690 0.68 3.645 3.645 3.712 3.710 0.980

Panel B: Covariates

Male 0.49 0.50 0.50 0.49 0.49 0.49 0.153

Age 36.92 2.16 36.88 36.89 36.94 36.93 0.165

White 0.82 0.38 0.82 0.81 0.83 0.83 0.043

Black 0.13 0.34 0.17 0.17 0.11 0.11 0.014

Hispanic 0.09 0.29 0.03 0.03 0.12 0.12 0.943

Log Family Income 11.07 1.82 10.97 10.96 11.11 11.12 0.452

Education Level 4.87 1.28 4.80 4.80 4.90 4.90 0.629

Metropolitian Area 0.81 0.39 0.75 0.75 0.84 0.84 0.861

Private Insurance 0.75 0.44 0.73 0.73 0.75 0.75 0.190

Public Insurance 0.12 0.33 0.13 0.13 0.12 0.12 0.261

Number of Family Members 3.27 1.66 3.24 3.23 3.29 3.28 0.785

Panel C: State-Level Covariates

Infant Mortality 16.80 2.32 17.99 18.27 16.04 16.14 0.194

Outpatient Visits 735.94 214.77 665.10 652.11 796.41 773.88 0.490

Hospital Personnel 339.81 35.78 322.56 323.25 347.66 347.68 0.859

Violent Crime Rate 458.57 205.08 449.08 436.25 470.77 467.57 0.247

Sample size 40,255 121,135 85,770 342,790

Notes:  The 2008–2014 ACS data was used to analyze a sample of those born in 1973–1975. “Tstate” denotes whether or not the sample
was born in the 12 states hit by the Super Outbreak; “Tfetal” denotes whether or not the sample was in utero on April 3 and April 4,
1974. Accordingly, column (3) presents the mean of variables among the treatment group; those from the control groups are summarized
into columns (4)–(6). In column (7), we test the null hypothesis that the mean value of the treatment group is the same as that of the
control group. For the test, we use the residuals after removing the state average from each value (i.e., controlling the state-of-birth fixed
effects). Column (7) reports the p-value of the T-test.

Table 1. Descriptive Statistics by Fetal Exposure to the 1974 Super Outbreak

Entire sample

504,180
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Panel A shows that those who were exposed to the Super Outbreak at a certain 

point in utero were more likely to have vision/hearing and cognitive difficulties in 

adulthood than the control groups. The difference is statistically supported by the 

p-value of the T-test reported in column (7); both vision/hearing and cognitive 

difficulties are higher in the treated group. Only treated states deviate from the 

untreated period while untreated states share remarkably similar values with their 

counterparts. The average Duncan socioeconomic index of the treated group seems 

a bit lower than that of the control groups, although this is not statistically supported.  

Figure 2 graphically shows the abovementioned pattern. In the figure, we 

select those who were born in 1971–1976, cluster them by year of birth and whether 

or not the state of birth was affected by the Super Outbreak in 1974, and depict each 

cohort’s average outcome variables relative to those in 1971. The probability of 

vision/hearing and cognitive difficulties in adulthood shows an increasing trend 

among the cohort born in 1974 and the 12 states affected by the outbreak. The 

Duncan index is observed to have dropped among the cohort born in 1973–1974 

and in the 12 states, while it stays high and is relatively constant among those born 

in other states. 

On the other hand, Panel B of Table 1 compares various covariates by 

treatment. The test score in column (7) generally suggests that there is no systematic 

difference between the characteristics of individuals in the treatment and control 

groups.4 Panel C presents the statistics for the state-level covariates. The statistics 

show that those in the treatment group were born in states with worse public health 

and medical-care conditions but better criminal environments. This implies that the 

outcomes in adulthood would be associated with not only the Super Outbreak but 

                                          
4 One exception is found in the variable of race. The test score suggests that the share of black 

population is significantly higher in the treatment group. However, Table 1 shows that the share did 

not change much over the sample years. Thus, this would not critically hurt the result of this study. 
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also some confounding local conditions at birth. We try to minimize this problem 

by controlling for these variables as controls and including state-of-birth fixed 

effects in the regression analysis. 

 

Figure 2. Health and Socioeconomic Outcomes by Birth Cohorts 

 
Notes: We select those who were born in 1971–1976 from the ACS dataset and cluster them by 
year of birth and whether or not the state of birth was affected by the 1974 Super Outbreak. The 
graph depicts each cohort’s sample average of outcome variables. Note that the average is re-
scaled as its value is relative to that in 1971. 

 

 

IV. Estimating the Long-Term Human Toll of the Super Outbreak 

A. Baseline Estimation 

To identify the effects of the 1974 Super Outbreak on later-life outcomes, we 

employ a difference-in-differences framework as Table 1 and Figure 2 suggest. Its 

regression model can be described as follows: 
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In the equation,  indicates the late-life outcome variable of interest for individual 

i.   and   respectively indicate the dummies of belonging to 

affected birth states and affected birth cohorts. Thus,   is the 

dummy of exposure to the 1974 Super Outbreak.  denotes a vector of control 

variables that capture individuals’ demographic and socioeconomic conditions and 

early-life public health conditions, which are listed in the previous section. To 

minimize omitted-variable problems, we also control for year-of-birth fixed effects 

( ), quarter-of-birth fixed effects ( ), state-of-birth fixed effects ( ), year-

of-survey fixed effects ( ), and state-of-survey fixed effects ( ).  

Both  and  in equation (1) are absorbed into the fixed effects. 

Thus, our estimation model is summarized as follows: 

 

(2)  α . 

 

The variable of  is the dummy of the exposure to the Super Outbreak, that is, 

 in equation (1), and  denotes the collection of all the fixed 

effects.5 

On the other hand, we further examine the effects of the Super Outbreak, 

splitting the exposure by each trimester in pregnancy as follows: 

 

(3)  α ∑ . 

                                          
5 Some may be concerned about measuring the effect of a disaster with the dummy of exposure. 

Our regression results show that the point estimates are robust to the inclusion of various fixed 

effects and state-level covariates. It is thought that the Super Outbreak is a natural experiment not 

driven by other confounding factors. Moreover, in subsection B, we consider other possible threats 

to our estimates in detail. 
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In the equation above,  indicates the exposure to the Super Outbreak in the t-

th trimester. We code first-trimester exposure as those born in the fourth quarter of 

1974; second-trimester exposure if born in the third quarter; and third-trimester 

exposure if born in the second quarter. In equations (1)–(3), the coefficients ’s, 

which are of our interest, estimate the causal effect of in utero exposure to the Super 

Outbreak on later-life outcomes. As we do not observe individual exposure to the 

shock, ’s should be interpreted as an intent-to-treat estimate. 

Panels A, B, and C of Table 2 report only the coefficient  in equation (2) 

and its standard error clustered on state of birth. From Panel A to Panel C, we 

additively control for covariates; Panel C shows the baseline estimation results with 

full controls and all the fixed effects. First, the result of column (1) strongly 

suggests that exposure to the Super Outbreak in utero increased the probability of 

vision or hearing difficulty in the late 30s by about 0.4 percentage points, which is 

robust across the model specification. This explains about 17 percent of the average 

probability (2.3 percent) reported in Table 1. Second, the result of column (2) also 

shows a substantial impact on cognitive ability. Panel C indicates that the affected 

cohort had more cognitive difficulties than the unaffected cohort by 0.34 percentage 

points, which explains about 8 percent of its sample mean. Third, column (3) 

presents the coefficients for the Duncan socioeconomic index. The coefficient of 

Panel C suggests that in utero exposure to the Super Outbreak decreased the 

socioeconomic status by about 1 percent.6 

                                          
6 The ACS contains alternative outcome variables such as independent living difficulty, self-care 

difficulty, and ambulatory difficulty. We separately estimated the impact on these variables with the 

same models, but no significant effects were observed. Because we selectively use three outcome 

variables out of six in the main analysis, this may cause a problem of multiple testing and a 

considerable Type I error. To fix its possibility, we utilized the Bonferroni correction that is an 
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adjustment made to p-values when statistical tests of the six outcome variables are being performed 

simultaneously on a single data set. The variables of vision/hearing difficulty and cognitive 

difficulty are still statistically significant after the multiple-comparison correction, but that of the 

Duncan socioeconomic index is not. This result supports the baseline estimation results that the 

effect of the first two outcome variables is substantial, and that of the Duncan socioeconomic index 

is a bit small. 

Dummy of vision
or hearing
difficulty

Dummy of
cognitive
difficulty

Log of Duncan
socioeconomic

index

(1) (2) (3)

Fetal exposure 0.0039** 0.0059*** -0.0262***
(0.0016) (0.0015) (0.0084)

R-squared 0.0205 0.1216 0.2851

Fetal exposure 0.0035** 0.0053*** -0.0241***
(0.0014) (0.0012) (0.0069)

R-squared 0.0207 0.1219 0.2856

Fetal exposure 0.0040*** 0.0034*** -0.0090**
(0.0015) (0.0012) (0.0040)

R-squared 0.0216 0.1231 0.2888

Exposure in the first trimester 0.0051** 0.0045* -0.0120*
(0.0022) (0.0023) (0.0062)

Exposure in the second trimester 0.0038* 0.0039 -0.0086
(0.0021) (0.0033) (0.0077)

Exposure in the third trimester 0.0032* 0.0018 -0.0064
(0.0018) (0.0018) (0.0066)

R-squared 0.0216 0.1231 0.2888
Sample size 504,180 504,180 458,374
Note : The regressions in Panels A, B, and C are based on equation (2); those in Panel D are based on
equation (3). We only report the coefficients of fetal exposure and their standard errors in
parentheses, which are clustered on state of birth. Each regression uses sample weight. *, **, and ***
denote statistical significance at the 90 percent, 95 percent, and 99 percent levels, respectively.

Dependent variables measured in 2008–2014

Table 2. Effects of Fetal Exposure to the 1974 Super Outbreak on Health and
Socioeconomic Outcomes in Adulthood (Baseline Estimation)

Key control

Panel A: Controlling for personal variables

Panel B: Controlling for personal and state-of-birth variables

Panel C: Including fixed effects

Panel D: Effect by trimester
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The result in Panel D, which is based on equation (3), suggests that the effect 

can vary by the trimester of exposure to the Super Outbreak. In particular, the 

coefficients of the first-trimester exposure dominate those of the second- and third-

trimester exposure in both magnitude and statistical significance. This supports the 

significance of the early stages of pregnancy in determining late outcomes, which 

is consistent with the findings in previous studies on earthquakes by Glynn et al. 

(2001) and Torche (2011). This is also in line with Almond (2006), who argued that 

the long-term effects are most evident for those affected in the first trimester. 

One point that needs discussion is that the adverse effect on the Duncan 

socioeconomic index is estimated to be smaller compared with that on 

vision/hearing or cognitive difficulties. The Duncan index depends on human 

capital accumulated over time, but the two variables of difficulties measure 

physical impairment. Thus, if human capital is more amendable than physical 

difficulties, the difference above can be explained by parents’ compensating 

behaviors; that is, they invested more on human capital such as education for their 

children affected by the Super Outbreak in utero. 

To verify this hypothesis, we alternatively selected those born in 1972–1984 

and thought to be enrolled in school in 1990 from the IPUMS sample of the 1990 

U.S. federal population census. We then conducted the regression of equation (2) 

with three educational outcomes in 1990 as dependent variables: dummies of 

attending school and failing.7 Utilizing the advantage of the household survey, we 

consider sibling fixed effects by adding mother or father fixed effects. 

The result in Table 3 implies that those affected by the Super Outbreak in utero 

were more likely to receive better education as of 1990 (i.e., at age 16) than other 

neighboring cohorts. This may suggest that parents invested more on education for 

                                          
7 Since we do not have information about the birth quarter, our treatment status is assigned by the 

state and year of birth. 
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children inflicted by the disaster to mitigate the adverse outcomes. 

 

 

B. Robustness Check 

In Table 4, we test the robustness of baseline estimation under a different setup. 

First, Panel A employs alternative time windows by altering the years of birth from 

1973–1975 (baseline) to 1972–1976 or 1971–1977 in sampling individuals from 

the ACS dataset. Although minor differences are observed across time windows, 

the estimates of the exposure are qualitatively the same. This strongly suggests that 

the Super Outbreak was a distinct shock to a certain cohort in the 1970s. 

Dummy of
attending school

Dummy of
flunking

(1) (2)

Exposure 0.0019 -0.0079*

(0.0023) (0.0045)

Sample size 2,194,589 2,017,586

Exposure 0.0431*** -0.0442***

(0.0033) (0.0034)

Sample size 1,253,625 1,169,120

Exposure 0.0387*** -0.0361***

(0.0035) (0.0032)

Sample size 1,022,797 952,783

Table 3. Fetal Exposure to the Super Outbreak and Human
Capital Accumulation

Key Control

Note : The analysis in this table uses the individuals drawn from the
IPUMS sample of the 1990 U.S. population census records, who were
born in 1972–1984. We estimate the effect of fetal exposure to the 1974
Super Outbreak on education-related human capital accumulation at age
16 on average. We also use the difference-in-differences regression
model controlling for various individual and familial characteristics and
fixed effects. The standard errors are reported in parentheses, which are
clustered on state of birth. *, **, and *** denote statistical significance
at the 90 percent, 95 percent, and 99 percent levels, respectively.

Panel A: Baseline

Panel C: Father Fixed Effects

Panel B: Mother Fixed Effects
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Second, another challenge to the baseline estimation is that the 1973–1974 oil 

shock could confound the effect of the Super Outbreak if the oil shock 

disproportionately affected our treatment or control group. In Panel B, we test this 

possibility by adding the state-level scale of oil shock, which is measured by 

Engemann, Owyang, and Wall (2014), to the baseline controls.8 The result of Panel 

                                          
8 Engemann, Owyang, and Wall (2014) categorized the effect of the oil shock on state economy 

into four groups: positive shock only, negative shock only, both shocks, and neither shocks. Thus, 

we control for each category’s dummy variable at the state level. On the other hand, because the 

Arab oil embargo and active cartel of the Organization of the Petroleum Exporting Countries (OPEC) 

Dummy of
vision or
hearing

difficulty

Dummy of
cognitive
difficulty

Log of Duncan
socioeconomic

index

(1) (2) (3)

   1972–1976 0.0033** 0.0034** -0.0100**

(0.0013) (0.0013) (0.0041)

   1971–1977 0.0035*** 0.0040*** -0.0086**

(0.0013) (0.0012) (0.0041)

   Controlling for the scale of shock at the state of birth 0.0040** 0.0034*** -0.0098**

(0.0015) (0.0012) (0.0042)

   Assuming that the outbreak occurred in the first quarter of 1974 -0.0005 -0.0007 0.0036

(0.0019) (0.0014) (0.0079)

   Exposure to general tornadoes in 1974 0.0009 0.0013 -0.0008

(0.0012) (0.0009) (0.0034)

   Exposure during the period of infancy -0.0005 -0.0005 0.0016

(0.0015) (0.0020) (0.0043)

Table 4. Alternative Time Windows, Oil Shock, and Placebo Test
Dependent variables measured in 2008–2014

Note : Panel A uses more samples from the ACS dataset by extending the year of birth to 1972–1976 or 1971–1977. Panel B
estimates the effect of fetal exposure, considering the potential effect of the 1973–1974 oil shock. For this, we add the variables
that measure how severely each state was affected by the oil shock into the baseline estimation. In Panel C, we conduct several
placebo tests by re-defining the variable of fetal exposure as listed in the table. All the regression used the baseline estimation
model in equation (2) and in Panel C of Table 2. Only the coefficient of fetal exposure is reported in the table. Standard errors are
reported in parentheses, which are clustered on state of birth. *, **, and *** denote statistical significance at the 90 percent, 95
percent, and 99 percent levels, respectively.

Panel A: Alternative time windows in terms of birth year

Panel C: Placebo test by re-defining the variable of 

Key control

Panel B: Taking account of the 1973–1974 oil shock

' '
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B shows that the baseline estimates are robust to controlling for the effect of the 

potentially confounding economic shock. 

Finally, to further enhance the validity of the effects of the 1974 Super 

Outbreak, we conduct three placebo tests in Panel C. First, we employ an incorrect 

timing of exposure by assuming that the natural disaster occurred in the first quarter 

of 1974. Second, we alternatively define the exposed group members as those who 

were born in 1974 in tornado states that experienced a considerable number of 

tornadoes throughout 1974. Third, we assume that the period most vulnerable to 

the Super Outbreak is not in utero, but infancy. Accordingly, each placebo test 

assigns a variable of exposure to the cohort that is different than that in the baseline 

estimation. The result in Panel C does not show any significant coefficients for all 

the placebo tests.9 This implies that our identification strategy is valid. 

On the other hand, avoidance, migration, and gender-specific selective 

mortality may undermine the soundness of our estimates. The first concern is that 

people could avoid the Super Outbreak because it would be warned in advance. 

However, the tornado warning system of 1974 was insufficient both quantitatively 

and qualitatively. In a NOAA survey conducted after the Super Outbreak in April 

1974 (as cited in Coleman et al. 2011), people pointed out the absence of warning 

dissemination as a major reason for severe damage. According to the witnesses of 

the Super Outbreak, Alabama, which is one of the states harshly hit by the outbreak, 

was not equipped with systematic warning sirens.10 Although Ohio had warning 

                                          
started in the fourth quarter of 1973, we set the fourth quarter of 1973 as the start of the oil shock. 

9 As alternative placebo test, we randomly chose ten states and three quarters as fake treatment 

groups. When we conduct such tests 100 times, we found only 4 regressions out of 100 where the 

key variable of fetal exposure had negative impacts on all the three outcome variables and was 

statistically significant at least for one outcome variable. This strongly suggests that the result in 

this study is not made by chance. 

10 Source: Black, Spencer. 2004. “IMPROVE: April 3, 1974, Marked Change in Weather Alerts.” 
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sirens, its residents observed they were mostly silent during the Super Outbreak.11 

In the case of Louisville, the tornado warning was issued only 37 minutes before 

the tornado hit (NOAA 2016a). These episodes assure us that people found it 

difficult to avoid the Super Outbreak. Even if avoidance were possible, it would 

have been stressful for pregnant women. 

Migration can be another concern. If pregnant women affected by the Super 

Outbreak were more likely move to tornado-free states, the above coefficients 

underestimate the effect on outcomes in adulthood. Fortunately, we can identify the 

dummy of migration by comparing the state of birth and current residence. By 

interacting this variable of migration with that of exposure, we test the role of 

migration, as shown in Table 5. The result suggests that migrants had worse sensory 

conditions and better socioeconomic status in adulthood, but this did not have a 

meaningful effect on the association between exposure to the outbreak and later-

life outcomes.12 In addition, column (4) shows that it is unlikely that those exposed 

to the Super Outbreak move out of their birth states more. 

Of course, column (4) of Table 5 does not imply that pregnant women did not 

move. However, the hypothesis that pregnant women migrate right after the Super 

Outbreak is doubtful because the movement would be stressful to them as well. 

Nevertheless, if there was a systematic migration pattern induced by exposure to 

the Super Outbreak, we should find discrepancies between the affected and non-

affected babies’ demographic characteristics and maternal characteristics.  

 

                                          
Times Daily, April 3. 

11  Source: O’Neill, Tom, and Lew Moores. 2000. “Few Warned of Twister.” The Cincinnati 

Enquirer, September 22. 

12  Because people generally migrate to find economic opportunities, an increase in the Duncan 

socioeconomic index among migrants seems plausible. 
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In Table 6, we test the difference in maternal age and educational level, 

newborns’ gender and race, and multiplicity of birth. These are available from U.S. 

birth records. Regarding the educational level, the data indicate whether a mother 

achieved an academic level higher than a high school diploma. For the test, we use 

similar difference-in-differences regressions. The estimated result supports that 

there would be little or no systematic migration pattern. 

Gender-specific selective mortality also can hurt our result. Some studies have 

shown that men are more susceptible to negative shocks in the early stages of life, 

and this can cause spontaneous abortion or miscarriage (Nepomnashcy et al. 2006). 

If this were the case, there would be a systematic increase in the boys to girls ratio 

among populations exposed to the Super Outbreak. However, as reported in column 

(3) of Table 6, the sex ratio was statistically the same between the treatment and 

control groups.13 

                                          
13 Alternatively, we utilized a pseudo-panel approach by clustering the ACS sample according to 

birth year, birth quarter, birth state, and gender. Then, we compared the sex ratios of the treatment 

and control groups. However, gender-specific selection was not observed. 

Dummy of vision
or hearing
difficulty

Dummy of
cognitive
difficulty

Log of Duncan
socioeconomic

index
(1) (2) (3)

Exposure 0.0045** 0.0038** -0.0129*
(0.0020) (0.0015) (0.0073)

Exposure x Migration -0.0014 -0.0011 0.0119
(0.0022) (0.0025) (0.0146)

Migration 0.0023*** -0.0004 0.0344***
(0.0007) (0.0013) (0.0102)

Sample size 504,180 504,180 458,374

Table 5. Migration after the Disaster and Effects of Fetal Exposure

Key variable

Note : From the ACS dataset, we measure the dummy of migration by comparing the state of birth and
current residence. By interacting this variable of migration with that of fetal exposure, we test the role of
migration. Other specifications are the identical with those of the baseline estimation. *, **, and ***
denote statistical significance at the 90 percent, 95 percent, and 99 percent levels, respectively.
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C. Mechanisms 

The adverse impact of in utero exposure to the 1974 Super Outbreak on 

sensory difficulty, cognitive difficulty, and socioeconomic status can be explained 

through several mechanisms. Above all, neurobiology research emphasizes the role 

of stress hormones. It suggests that as stress levels soars due to negative external 

stimuli, the body secretes stress hormones named “cortisol,” which cause various 

adverse physiological outcomes. Many have revealed this mechanism in the 

relationship between maternal stress in pregnancy and birth outcomes and child 

development.14 According to related literature, maternal stress can be translated to 

the fetus in three simultaneous ways: decrease in uteroplacental blood flow, 

transplacental move of maternal stress hormones, and secretion of placental 

corticotropin-releasing hormone; it has been revealed that these channels contribute 

to inhibited fetal growth, inhibited differentiation of brain or nervous system, and 

                                          
14 There are studies about the negative effects of prenatal maternal stress on motor development 

(Mulder et al. 2002), cognitive development (King and Laplante 2005), problematic infant behavior 

(Huizink 2000), and mental health (Machón, Mednick, and Huttunen 1997). 

Age
Schooling >
High school

graduate
Boys White

Multiple
birth

(1) (2) (3) (4) (5)
Fetal exposure -0.0202 -0.0003 -0.0006 0.0027* 0.0000

(0.0132) (0.0011) (0.0006) (0.0014) (0.0004)
R-squared 0.0128 0.0244 0.0000 0.0727 0.0001
Sample size 10,314,546 7,814,119 10,314,546 10,299,214 10,314,546

Table 6. Difference in the Characteristics of Mothers and Newborns by the Dummy of
Fetal Exposure to the Super Outbreak

Key variable

Note : Using U.S. national birth records, we test the difference between maternal and newborn characteristics by
the dummy of fetal exposure to the 1974 Super Outbreak. The variables of characteristics are listed in the
heading of each column; we employ difference-in-differences regressions, controlling for some basic variables.
Standard errors are reported in parentheses, which are clustered on state of birth. *, **, and *** denote statistical
significance at the 90 percent, 95 percent, and 99 percent levels, respectively.

Mother Newborn baby
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the fetal neuroendocrine system’s programming (Mulder et al. 2002). In summary, 

cortisol plays a key role in fetal programming (Schneider, Coe, and Lubach 1992) 

and even a minor increase in maternal cortisol could increase fetal cortisol 

substantially (Mulder et al. 2002). 

Although we cannot identify the stress hormones among pregnant women and 

fetuses in the ACS dataset, the role of stress can be tested indirectly. Among the 12 

states hit by the Super Outbreak, Illinois, Mississippi, Virginia, and West Virginia 

had relatively minor damage with a small number of casualties; specifically, they 

had 40 or less casualties15. Thus, we can categorize those born in these four states 

as “exposed to the outbreak on a minor scale” and those born in other eight states 

as “exposed on a major scale.” We then include two dummies of exposure in 

equation (2) rather than just one exposure category. It is generally expected that 

adverse effects are dominant in majorly exposed groups. However, the estimated 

result in Table 7 rejects this expectation and implies that the exposure itself was 

important regardless of the damage scale. This indirectly suggests that maternal 

stress and fear—probably due to the unpredicted occurrence of tornadoes—could 

be a key mechanism. Unfortunately, we are not able to provide more direct evidence 

due to lack of data. Instead, we will support the validity of this mechanism by 

removing the competing mechanisms below.  

As an alternative mechanism, the adverse outcomes can result from maternal 

behavior that is negatively affected by the experience of the Super Outbreak. Some 

studies have reported that maternal behaviors can be altered by natural disasters. 

For example, Currie and Rossin-Slater (2013) observed that a hurricane induced 

pregnant mothers in the second trimester to smoke more. If the same happened to 

expecting mothers after the Super Outbreak, unhealthy behaviors such as smoking 

                                          
15 The implications discussed below do not change when we also categorize Michigan and North 

Carolina as “exposed on a minor scale” by changing the classification to 50 casualties or less. 
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could affect their newborns’ health and human capital accumulation over the course 

of their lifetime. If this mechanism is valid, more adverse birth outcomes would be 

observed among newborns exposed to the Super Outbreak. However, it should be 

noted that an absence of effects in birth outcomes does not necessarily imply an 

absence effects in later-life outcomes, as argued by Aizer, Stroud, and Buka (2016) 

and Currie and Rossin-Slater (2013). 

 

 

Using U.S. birth records, we test whether or not fetal exposure to the 1974 

Super Outbreak caused adverse impacts on birth weight, birth with weight less than 

2500g, premature birth, and number and adequacy of prenatal care.16 However, the 

estimated results in Table 8 do not provide any significant coefficients. This 

suggests that a disaster-induced change in maternal behaviors was unlikely. 

                                          
16 The model specification is equation (2) for panel A and equation (3) for Panel B, respectively, 

which is a similar difference-in-differences framework. However, we control for some determinants 

of birth outcomes including maternal age, race, gender, maternal educational level, and so on. 

Dummy of vision
or hearing
difficulty

Dummy of
cognitive
difficulty

Log of Duncan
socioeconomic

index
(1) (2) (3)

Fetal exposure in major states 0.0044** 0.0029** -0.0086*
(0.0019) (0.0012) (0.0050)

Fetal exposure in minor states 0.0031* 0.0045* -0.0101*
(0.0018) (0.0024) (0.0053)

P-value testing equality of the coefficients 0.6007 0.5763 0.8344

Table 7. Disparity by the Intensity of Tornado Outbreak
Dependent variables measured in 2008–2014

Key control

Note : We divided the 12 states into two groups according to the number of deaths by the Super Outbreak. Then,
two dummies (major and minor-state dummies) are interacted with the variable of fetal exposure in equation (2).
The table reports the coefficients of the interacted variables and their standard errors clustered on state of birth.
The last row tests the null hypothesis that two coefficients are statistically identical. *, **, and *** denote
statistical significance at the 90 percent, 95 percent, and 99 percent levels, respectively.
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Lastly, some may argue that adverse effects on later-life outcomes can be 

expected if health- and education-related local infrastructure was substantially 

destroyed by the Super Outbreak. For example, if hospitals were damaged by the 

disaster, prenatal care could be significantly limited, which would negatively affect 

birth weight (Sonchak 2015).17 If schools were damaged by the outbreak and their 

recovery was greatly delayed, this could lower human capital accumulation at early 

ages.  

To verify the validity of this mechanism, we test whether or not the Super 

                                          
17 In this aspect, there was a call for proper care of pregnant women in the case of Hurricane Katrina 

(Callaghan et al. 2007). 

Birth
weight
(grams)

LBW
(<2500g)

Premature
birth

(<37weeks)
(1) (2) (3) (4)

Fetal exposure 0.3122 -0.0006 -0.0002 0.0026
(1.8862) (0.0006) (0.0009) (0.0046)

Exposure in the first trimester -0.3498 -0.0007 0.0005 0.0036
(1.8910) (0.0008) (0.0009) (0.0044)

Exposure in the second trimester -0.7654 -0.0003 -0.0003 0.0023
(1.6309) (0.0007) (0.0010) (0.0048)

Exposure in the third trimester 2.2327 -0.0009 -0.0009 0.0019
(3.2336) (0.0009) (0.0012) (0.0055)

R-squared 0.1037 0.0769 0.0342 0.1831
Sample size 7,674,617 7,687,667 7,687,667 6,076,189

Table 8. Effects of Exposure to the Super Outbreak on Birth Outcomes and
Maternal Behavior

Key variable

Panel A: Fetal exposure

Panel B: By trimester

Note : Using U.S. birth records, we estimate the effect of fetal exposure to the 1974 Super
Outbreak on primary birth outcomes and prenatal care. Model specification is the identical
with Panels C and D in Table 2. Control variables were selected from birth records, including
maternal age, race, gender, maternal educational level and so on. Standard errors, clustered
on state of birth, are reported in parentheses.

Birth Outcomes Dummy of
adequate
prenatal

care
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Outbreak negatively affected the condition of state-level infrastructure. To capture 

the level of hospital care for pregnant women and infants, we examine neonatal 

mortality, infant mortality, and the number of hospital beds. To measure educational 

infrastructure, we use the number of teachers per 10 students. We test this with 

similar a difference-in-differences framework using the 1972–1976 state-level 

variables.18 The estimated result in Table 9 suggests that the Super Outbreak did 

not disturb the public-health condition and educational infrastructure. 

 

 

Summing up, we proposed three mechanisms: stress hormone, maternal 

behavior, and local infrastructure. Using various datasets, we found that maternal 

behavior and local infrastructure were not significantly affected by the Super 

Outbreak. Although we cannot provide adequate evidence, the plausible 

mechanism is that the Super Outbreak would cause substantial stress to pregnant 

women, and this negatively affected fetal and child development through stress 

hormone. 

 

 

                                          
18 The model specification is equation (2), which is a similar difference-in-differences framework. 

The only difference is that we use state-level data. Therefore, we control for birth-year and state-of-

birth fixed effects. 

Neonatal
Mortality
per 1,000

Infant Mortality
per 1,000

Hospital Beds
Teacher per 10

students

(1) (2) (3) (4)
Hit by the Super Outbreak -0.3686 -0.3412 0.0074 -0.1216

(0.2797) (0.2946) (0.0209) (0.1322)
Sample size 255 255 255 255
Note : We test whether or not the level of public-health and educational infrastructure was negatively affected by the 1974
Super Outbreak. We employ similar difference-in-differences framework, but use state-level variables. The key variable is the
dummy that indicates whether the state was hit by the Super Outbreak in 1974. Its coefficients and standard errors are
reported in the table. *, **, and *** denote statistical significance at the 90 percent, 95 percent, and 99 percent levels,
respectively.

Table 9. Estimated Change in Infant Mortality Rate and Infrastructure by the Super Outbreak

Key variable
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V. Concluding Remarks 

This study estimates the long-term impact of fetal exposure to the 1974 Super 

Outbreak. Using the Super Outbreak as a natural experiment along with a 

difference-in-differences framework, we found that fetal exposure, particularly in 

the early gestation period, raised the probability of sensory and cognitive 

difficulties (by 0.4 and 0.34 percent point or, equivalently, by 17 percent and 8 

percent, respectively), and lowered socioeconomic status (by about 1 percent) 

measured in the late 30s. How costly were the estimated impacts? According to the 

1974 vital statistics, the number of babies exposed to the Super Outbreak in utero 

is estimated as 509,652. Applying the estimated marginal effect above, about 3,771 

babies are thought to have suffered from sensory or cognitive difficulties in their 

30s.19 According to the 2014 ACS, the annual income gap between those with and 

without sensory or cognitive difficulties is estimated at $36,120. Therefore, it is 

estimated that total annual cost due to impaired physical health amounted 

approximately $136 million in 2014. This crude estimate is only confined to the 

annual income gap. If we consider lifetime income loss and additional health-care 

expenditure, the cost of fetal exposure to the Super Outbreak would be tremendous.  

The findings and discussion in our study suggest that the adverse impacts on 

late outcomes might be largely caused by maternal stress due to the unpredictability 

of the Super Outbreak and its influence on in utero conditions. Therefore, 

eliminating the uncertainty of natural disasters would be one of the most cost-

effective ways to avoid such great long-term cost. In addition, after a stressful 

disaster occurrence, particular attention and care need to be paid to the most 

susceptible populations such as expecting mothers and children. It would be useful 

to provide medical-care subsidies to them after disasters including prenatal care. 

 

                                          
19 509,652 x (0.004 + 0.0034) = 3,771. 
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