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Dust to Feed, Dust to Gray: The Effect of in Utero Exposure 
to the Dust Bowl on Old-Age Longevity

Hamid Noghanibehambari and Jason Fletcher

ABSTRACT Intensive agri cul ture and deep plowing caused top soil ero sion and dust 
storms dur ing the 1930s, affect ing agri cul tural income and land val ues for years. 
Given the grow ing lit er a ture on the rel e vance of in utero and early-life expo sures, 
it is sur pris ing that stud ies focus ing on links between the Dust Bowl and later-life 
health have pro duced incon clu sive and mixed results. We reevaluate this lit er a ture 
and study the long-term effects of in utero and early-life expo sure to top soil ero sion 
caused by the 1930s Dust Bowl on old-age lon gev ity. Specifically, using Social Security 
Administration death records linked with the full-count 1940 cen sus, we con duct event 
stud ies with dif fer ence-in-dif fer ences designs to com pare the lon gev ity of indi vid u als 
in high- ver sus low-top soil-ero sion counties before ver sus after 1930. We find intent-
to-treat reduc tions in lon gev ity of approx i ma tely 0.85 months for those born in high-
ero sion counties after 1930. We show that these effects are not an arti fact of preexisting 
trends in lon gev ity. Additional ana ly ses sug gest that the effects are more pro nounced 
among chil dren raised in farm house holds, females, and those whose moth ers had lower 
edu ca tion. We also pro vide sug ges tive evi dence that reduc tions in adult hood income 
are a likely mech a nism for the effects we doc u ment.

KEYWORDS Mortality • Dust Bowl • Drought • Early-life expo sures • Historical data

Introduction

Several recent and grow ing strands of research have empha sized the rel e vance of 
pre na tal devel op ment and early-life peri ods for a bat tery of later-life out comes 
(Almond et al. 2018; Almond and Currie 2011; Barker 1990; Barker et al. 2002). 
Health endow ment at birth and the grad ual accu mu la tion of health cap i tal through 
early child hood influ ence infants’ and chil dren’s phys i cal, cog ni tive, and socioemo-
tional well-being, and dis tur bances in ini tial health cap i tal dur ing this crit i cal period 
could alter later-life out comes. For instance, stud ies have documented neg a tive 
short- and long-term con se quences of in utero and early-life expo sures to income 
shocks, agri cul tural crop fail ure, pol lu tion, nat u ral disas ters, stress, toxic chemicals, 
and nutri tional shocks (Baird et al. 2016; Billings and Schnepel 2018; Currie and 
Schmieder 2009; Lindeboom et al. 2010; Sanders 2012; Scholte et al. 2015; Torche 
2018; van den Berg et al. 2011). These pre na tal and early-life shocks can be  trans lated 

D
ow

nloaded from
 http://read.dukeupress.edu/dem

ography/article-pdf/61/1/87/2058412/87noghanibeham
bari.pdf by U

N
IV O

F W
ISC

O
N

SIN
 M

AD
ISO

N
 user on 17 August 2024

https://doi.org/10.1215/00703370-11140760
https://doi.org/10.1215/00703370-11140760


88 H. Noghanibehambari and J. Fletcher

into adverse health out comes dur ing infancy and early child hood, which appear in 
such medium- and long-run out comes as cog ni tive devel op ment (Aizer, Stroud 
et al. 2016; Berthelon et al. 2021), test scores (Sanders 2012; Shah and Steinberg  
2017), edu ca tional attain ments (Almond et al. 2009; Fuller 2014), adult hood earn-
ings (Behrman and Rosenzweig 2004; Black et al. 2007), health dur ing adult hood 
(Maruyama and Heinesen 2020), hos pi tal i za tion dur ing adult hood (Miller and 
Wherry 2019), and old-age mor tal ity (Goodman-Bacon 2021; van den Berg et al. 
2011). These stud ies point to so-called scar ring effects. However, a narrower strand 
of research has revealed null or pos i tive effects through mor tal ity selec tion (Bozzoli 
et al. 2009; Catalano et al. 2008; Catalano et al. 2019; Ekamper et al. 2015; Kannisto 
et al. 1997) or nonmonotonic effects (Lleras-Muney and Moreau 2022).1

An impor tant exam ple of such envi ron men tal adver sity emerged dur ing the Dust 
Bowl era in the U.S. Great Plains. During the late nineteenth and early twen ti eth 
cen tu ries, farm ers in the U.S. Great Plains expanded agri cul tural pro duc tion and 
deeply plowed the vir gin top soil. The ever-grow ing prac tice elim i nated the native 
grass lands required to cover and retain ground soil. The loss of top soil cov er age and 
severe droughts dur ing the 1930s caused self-per pet u at ing wind ero sion. The ero sion 
of unpro tected land also facil i tated over land flow and sur face run off from rain wa ter 
and stormwater. Topsoil ero sion caused inev i ta ble agri cul tural crop fail ures, neg a-
tive shocks to local econ o mies, and inflat ing agri cul tural prod uct prices (Hansen and 
Libecap 2015; Hornbeck 2012).

The Dust Bowl era pro duced adversities that could have trans lated into adverse 
health out comes among vul ner a ble pop u la tions, spe cifi  cally infants, with poten tially 
long-run con se quences. Several stud ies explor ing sim i lar shocks to agri cul tural fail-
ures and other envi ron men tal impacts have found sig nifi  cant effects on long-run out-
comes (Barreca et al. 2021; Le and Nguyen 2021, 2022; Lindeboom et al. 2010). 
However, the lit er a ture on the Dust Bowl’s later-life health effects is mixed, pro vid-
ing incon clu sive evi dence. Cutler et al. (2007) explored in utero Dust Bowl expo sure 
and found no mean ing ful effects on adult hood height, body mass index, dis abil ity, 
dis eases, or mor tal ity. Similarly, Atherwood (2022) found no impact of child hood 
expo sure to the Dust Bowl on old-age lon gev ity. However, Arthi (2018) documented 
siz able increases in dis abil ity rates for adults with child hood expo sure to the Dust  
Bowl. These stud ies used a cross-sec tional anal y sis. In the absence of time-vary ing  
treat ment var i ables, they com pared indi vid u als born in dif fer ent cen sus regions  
(Cutler et al. 2007), states (Arthi 2018), or counties (Atherwood 2022). Therefore, 
they could not account for time-invari ant unob served het ero ge ne ity in indi vid u als’ 

1 For instance, Ekamper et al. (2015) exam ined long-term mor tal ity effects of in utero expo sure to the 
Dutch Hunger Winter of 1944–1945, find ing no effects on mor tal ity due to can cer and car dio vas cu lar 
dis eases. Catalano et al. (2008), employing data from Scan di na vian countries, argued that colder ambi ent 
tem per a ture expo sure dur ing the ges ta tional period is asso ci ated with more male fetal deaths and a lon-
ger life span among sur viv ing infants. Catalano et al. (2019) found that indi vid u als exposed to the 1773 
Swed ish Famine early in life lived 4.2 years lon ger than Swed ish indi vid u als in the last half of the cen tury. 
Kannisto et al. (1997) exam ined the effects of Finland’s 1866–1868 fam ine on the affected cohorts’ mor-
tal ity and lon gev ity. They found that in utero and early-life expo sure to the fam ine was asso ci ated with 
higher mor tal ity rates up to age 17. However, from ages 17 to 80, the mor tal ity out comes of exposed and 
unex posed cohorts were very sim i lar, suggesting that the short-run influ ence of the fam ine did not trans late 
to long-term adverse effects for lon gev ity and life span.
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89In Utero Exposure to the Dust Bowl and Longevity

birth places. Further, Atherwood (2022) focused on expo sure in early adult hood and a 
sub set of Great Plains counties.

In this study, we aim to reevaluate the later-life health effects of in utero and 
early-life expo sure to severe top soil ero sion of the 1930s on old-age lon gev ity. 
We address the draw backs of pre vi ous stud ies by implementing a dif fer ence-in- 
dif fer ences model to account for unob served county char ac ter is tics. This novel 
approach pro vi des new insights into the later-life effects of the Dust Bowl. Moreover, 
unlike Atherwood (2022), we focus on in utero and early-life expo sures and exam ine 
all U.S. counties.

The top soil ero sion of the 1930s, along with extreme droughts and dust clouds, 
affected agri cul tural pro duc tion, income, food acces si bil ity, and air qual ity. These 
shocks may have impacted infants’ and chil dren’s ini tial health cap i tal, which could 
be revealed in their old-age health and mor tal ity out comes. We ask whether in utero 
and early-life expo sure to top soil ero sion dur ing the 1930s can be detected in old-age 
mor tal ity out comes. We employ data from the 1988–2005 Social Security Admin-
istration (SSA) death records linked with the full-count 1940 cen sus. We com pare 
lon gev ity out comes of indi vid u als born in high-ero sion counties (treated counties) 
ver sus low-ero sion counties (con trol counties) in the 1930s ver sus the pre ced ing 
decade. We imple ment bal anc ing tests to exam ine the changes in the demo graphic 
com po si tion of births due to expo sure to higher lev els of soil ero sion. In com par ing 
treated and con trol counties before 1930, we do not observe a dis cern ible dif fer ence 
in demo graphic and socio eco nomic char ac ter is tics. After 1930, we find some evi-
dence of increases in the share of females, indi vid u als whose fathers had lower edu-
ca tion, and indi vid u als with lower socio eco nomic sta tus (SES). These changes are 
quite small in mag ni tude, and their implied confounding influ ence on mor tal ity is not 
likely to drive the main results or under es ti mate the effects. In addi tion, only a small 
part of the path way between early-life top soil ero sion and later-life mor tal ity can be 
explained by the selec tion of births from lower SES fam i lies. Our main results reveal 
sig nifi  cant and neg a tive intent-to-treat effects. Relative to indi vid u als born in coun-
ties cat e go rized as low-ero sion farm lands, indi vid u als born in high-ero sion counties 
after the 1930s lived 0.85 fewer months.

Results of event stud ies reveal no preexisting trends in the lon gev ity of more- 
affected counties ver sus less-affected counties up to 10 years before 1930. We con-
duct robust ness checks and include exten sive con trols and fixed effects to test the 
sen si tiv ity of the results. Moreover, we show that the effects are not driven by season-
ality in births and deaths and are robust to alter na tive func tional forms and lon gev-
ity mea sures. Heterogeneity ana ly ses sug gest rel a tively larger effects among females 
and indi vid u als with low-edu cated moth ers. The effects also reveal het ero ge ne ity by 
region: larger soil-ero sion effects on counties in the South and Midwest, where the 
direct effects were con cen trated, in con trast to other regions expe ri enc ing less ero sion 
and no dust.

To explore the poten tial mech a nisms of edu ca tion and labor mar ket out comes, we 
employ 1960 cen sus data and imple ment a sim i lar iden ti fi ca tion strat egy. We find sug-
ges tive evi dence of increases in ele men tary and mid dle school com ple tion, sim i lar to 
Arthi’s (2018) find ings and suggesting sub sti tut abil ity between work ing on farms and 
attend ing school in child hood. However, the edu ca tion effects do not trans late into 
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90 H. Noghanibehambari and J. Fletcher

high school com ple tion, col lege atten dance, or income. Further, indi vid u als born in 
high-ero sion areas expe ri ence large and sig nifi  cant reduc tions in adult hood income.

The pol icy impli ca tions of these results lie in two aspects of the event that could 
relate to other types of envi ron men tal catas tro phes and nat u ral disas ters. First, mor-
tal ity is an extreme and pre cise mea sure of health. Our detec tion of adverse effects on 
the lon gev ity of affected cohorts more than half a cen tury later denotes con sid er able 
neg a tive life cycle impacts and likely dete ri o rated old-age health and well-being. 
Therefore, policymakers aiming to pro mote life long health out comes could focus 
on early-life events to pre vent adverse later-life out comes. Second, in events related 
to cli mate change and envi ron men tal phe nom ena, indi vid ual efforts are sub op ti mal, 
pri vate solu tions do not account for the exter nal i ties asso ci ated with inten sive and 
uncon trolled farm ing, and more col lec tive deci sion-mak ing is required (Hansen and 
Libecap 2015). These sit u a tions call for gov ern ment inter ven tions and more col lec-
tive actions. Our results point to the neg a tive exter nal i ties of such events for health 
out comes and high light the role of pol icy inter ven tions.

This study’s con tri bu tions to the lit er a ture are two fold. First, we reevaluate the 
lit er a ture on the Dust Bowl’s later-life health impacts. Contrary to the find ings of 
Cutler et al. (2007) and Atherwood (2022), we find neg a tive, siz able, and sig nifi  cant 
effects on lon gev ity out comes. Second, we con trib ute to the lit er a ture on in utero 
and early-life expo sures and later-life health out comes. Specifically, we add to the 
small but grow ing lit er a ture on the long-term health effects of envi ron men tal events 
and disas ters (Barreca et al. 2021; Currie et al. 2015; De Rubeis et al. 2021; Rosales-
Rueda 2018).

Literature Review

Soil ero sion and resulting crop fail ure could influ ence old-age mor tal ity of indi vid u-
als exposed in infancy via sev eral chan nels. In this sec tion, we explore these poten tial 
chan nels and the rel e vant lit er a ture.

Agricultural income reduc tions are the pri mary chan nel through which cli matic 
shocks in early life might affect future health and life cycle out comes. Hyland and 
Russ (2019) explored the long-run effects of drought expo sure dur ing infancy and 
child hood on adult out comes using data from sev eral sub-Saharan Afri can countries. 
They found sug ges tive evi dence for reduc tions in wealth, edu ca tion, height, and 
inter gen er a tional effects on the next gen er a tions’ birth out comes. Because the effects 
were exclu sively driven by rural res i dents, the research ers argued that their find ings 
oper ated through dis tor tions in agri cul tural out puts. Le and Nguyen (2021) exam ined 
the impact of in utero expo sure to floods and droughts on child hood health out comes, 
find ing sig nifi  cant reduc tions in anthro po met ric out comes between ages 1 and 5. 
Molina and Saldarriaga (2017) inves ti gated the effects of tem per a ture fluc tu a tion on 
birth out comes in sev eral Andean countries and documented that tem per a ture devi-
a tion from the loca tion-spe cific, long-term path was asso ci ated with increased food 
inse cu rity and adverse birth out comes. Feeny et al. (2021) stud ied the long-run gen-
der gap con se quences of early-life expo sure to rain fall shocks in Vietnam, pro vid ing 
evi dence that women were less likely to be employed than males if they were exposed 
to rain fall anom a lies dur ing their first two years of life. Shah and Steinberg (2017) 
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91In Utero Exposure to the Dust Bowl and Longevity

showed that higher rain fall in rural India increased local wages, which were asso-
ci ated with increases in human cap i tal invest ments dur ing early life but decreased 
invest ments in chil dren aged 5–16. They argued that the sub sti tut abil ity of school-
ing with labor wages reduced chil dren’s human cap i tal for ma tion. Maccini and Yang 
(2009) documented that among women, expo sure to higher rain fall in the birth year 
was asso ci ated with higher school ing and improved mea sures of self-reported health. 
Banerjee et al. (2010) iden ti fied the later-life health impacts of shocks to agri cul tural 
income induced by phyl lox era pests in French vineyards dur ing the late nineteenth 
cen tury. They found sig nifi  cant and rel a tively large intent-to-treat effects on height 
but no effects on life expec tancy.

In par tic u lar, changes in income and agri cul tural out put can affect chil dren’s food 
inse cu rity and moth ers’ pre na tal nutri tional intake. Studies explor ing fam ine expo-
sure impacts and later-life effects of gov ern men tal social pro grams have typ i cally 
found rel a tively large impacts oper at ing through changes in food access (Abiona 
2022; Almond et al. 2011; Almond and Mazumder 2011; East 2020; Hernández- 
Julián et al. 2014; Hoynes et al. 2016; Karimia and Basu 2018; Majid 2015; Neelsen 
and Stratmann 2011; Painter et al. 2005). For instance, Haeck and Lefebvre (2016) 
found that a nutri tional assis tance pro gram for preg nant moth ers in Canada increased 
birth weight by roughly 70 grams. Lindeboom and col leagues (2010) explored the 
impacts of in utero and early-life nutri tional shocks induced by the Dutch Potato 
Famine (1846–1847) on later-life and old-age lon gev ity. They exploited the regional 
and tem po ral var i a tions in potato and rye prices to proxy for early-life food avail-
abil ity and found that cohorts exposed in early life had their lon gev ity reduced by 
2.5–4 years. Roseboom et al. (2006) inves ti gated the later-life health impacts of fetal 
expo sure to the 1944–1945 Dutch fam ine, find ing that in utero fam ine expo sure was 
asso ci ated with adult hood glu cose intol er ance, cor o nary heart dis eases, and dis turbed 
blood coag u la tion. In a sim i lar study, van Abeelen et al. (2012) found higher risks of 
mor tal ity among women exposed to the Dutch fam ine dur ing their pre na tal devel-
op ment. Rosales-Rueda (2018) documented that early-life expo sure to Ecuador’s El 
Niño floods sub stan tially reduced house hold income, food con sump tion, and mater-
nal breastfeeding; in utero expo sure to floods sig nifi  cantly increased the inci dence of 
low birth weight, lowered child hood test scores, and decreased height among chil-
dren aged 5–7.

A chan nel of impact between the Dust Bowl, in par tic u lar, and long-run health 
out comes is fetal expo sure to pol lu tion. A rel a tively large lit er a ture has documented 
the short- and long-run health impacts of pol lu tion among infants and chil dren  
(Bharadwaj et al. 2017; Chay and Greenstone 2003; Currie and Neidell 2005; Currie 
et al. 2009; Currie and Schmieder 2009; Currie and Walker 2011; Currie et al. 2014; 
Sanders 2012; Simeonova et al. 2021). For instance, Moreira et al. (2020) showed that 
Saharan dust intru sion across munic i pal i ties in Spain was asso ci ated with a higher 
share of low birth weight infants. Altindag et al. (2017) explored the envi ron men tal 
and health impacts of yel low dust out breaks in South Korea, cre ated when high-speed 
sur face winds from China and the des erts of Mongolia carry dust clouds into East 
Asian countries. They found that yel low dust increased air pol lu tion and sub se quently 
decreased the birth weight and ges ta tional age of affected infants. In a sim i lar review 
study, Hasunuma et al. (2019) dem on strated that expo sure to the Asian dust event 
resulted in adverse health out comes, higher mor tal ity, and increases in hos pi tal i za tion. 
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92 H. Noghanibehambari and J. Fletcher

These effects were observed among var i ous age groups, from infancy to adult hood. 
Currie and Schwandt (2016) found that fetal expo sure to the dust cloud cre ated by 
the 9/11 ter ror ist attacks sig nifi  cantly and neg a tively affected birth out comes. Jones 
(2020) exam ined the pol lu tion and infant health effects of a series of dust storms in 
the United States in 2010–2017, find ing siz able increases in the inci dence of low birth 
weight and pre term birth resulting from dust-driven pol lu tion increases.

Some stud ies sug gest that nat u ral disas ters and cli matic catas tro phes might impact 
health endow ments at birth through less direct chan nels, such as pre na tal mater-
nal stress (Álvarez-Aranda et al. 2020; Caruso and Miller 2015; Glynn et al. 2001;  
Hetherington et al. 2021; Kim et al. 2017; Nandi et al. 2018; Torche 2011). For 
instance, Currie and Rossin-Slater (2013) found that fetal expo sure to hur ri canes was 
asso ci ated with increases in infants’ abnor mal con di tions and meco nium aspi ra tion 
syn drome. Noghanibehambari (2022) documented that the effects of in utero expo-
sure to earth quakes dur ing the first tri mes ter had neg a tive and sig nifi  cant effects on 
old-age lon gev ity.

Most evi dence per tains to the poten tial neg a tive effects of early-life adversities and 
expo sures (a scar ring effect), but sev eral stud ies sug gest a pos i tive influ ence through 
selec tion effects: early-life mor tal ity and sur vival of the fit test (Bozzoli et al. 2009; 
Catalano et al. 2008; Catalano et al. 2019; Ekamper et al. 2015; Kannisto et al. 1997). 
For instance, Kannisto et al. (1997) exam ined the effects of the 1866–1868 fam ine in 
Finland on the lon gev ity of cohorts exposed to the fam ine early in life. They found 
mor tal ity increases up to age 17 and no increases in sur vival rates after age 17. Their 
results indi cate mor tal ity selec tion and no neg a tive leg a cies of early-life expo sures. 
Similar to the ongo ing dis cus sion between selec tion ver sus a scar ring effect, the Dust 
Bowl lit er a ture offers mixed evi dence. Hornbeck (2012) exam ined the impacts on 
high- and medium-ero sion counties ver sus low-ero sion counties and documented 
long-run effects on agri cul tural pro duc tion, agri cul tural income, and agri cul tural land 
value. Arthi (2018) explored in utero and child hood expo sure using cross-state var i a-
tion, find ing sig nifi  cant increases in dis abil ity dur ing adult hood and neg a tive impacts 
on col lege com ple tion and fer til ity. However, she documented pos i tive effects on 
high school com ple tion rates and argued that chil dren, who would sub sti tute school-
ing with farm work, were more likely to con tinue school ing when job pros pects were 
scarce. Cutler et al. (2007) exploited Dust Bowl expo sure var i a tions across cen sus 
regions and exam ined later-life health and mor tal ity out comes. They found no sig nif-
i cant impacts on height, mea sures of chronic con di tions, or dis abil ity.

These last two stud ies relied on var i a tions across regions and states, large geo-
graphic areas with poten tially wide het ero ge ne ity of expo sure and the resulting 
effects on health out comes. A more pre cise frame work would exam ine sub state 
expo sures to obtain a more accu rate mea sure and account for within-state var i a tions.  
Atherwood (2022) explored county expo sures to the Dust Bowl and later-life lon-
gev ity, employing Death Master Files (DMF) data and a sub sam ple of Great Plains 
counties to com pare the lon gev ity out comes of those who resided dur ing their child-
hood in high- ver sus low-ero sion counties. He failed to find a sig nifi  cant impact of 
Dust Bowl expo sure on lon gev ity.

The impor tant draw back of the pre vi ous research designs was failing to account for 
unob served het ero ge ne ity in treated ver sus con trol counties. Their designs employed 
cross-sec tional esti ma tes and com pared indi vid u als born or liv ing in dif fer ent places 
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93In Utero Exposure to the Dust Bowl and Longevity

with poten tially dif fer ent expo sures to the Dust Bowl.2 To over come this lim i ta tion, 
we intro duce an empir i cal model that accounts for time-invari ant unob served fea tures 
of counties.

Moreover, Atherwood’s (2022) anal y sis was lim ited to Great Plains counties, 
thereby omit ting some top soil ero sion counties (see Figure A1; tables and fig ures 
des ig nated with an “A” appear in the online appen dix). Further, Atherwood focused 
on expo sure in early adult hood, whereas we focus on early-life and child hood expo-
sure. In addi tion, his data cov ered deaths of only males, whereas our data cover males 
and females, thereby uncovering poten tial gen der dif fer ences.

Data Sources and Sample Construction

Our pri mary data source is the SSA-reported Numerical Identification System death 
records, the so-called Numident data base, extracted from the Censoc Project (for an 
out line, see Goldstein et al. 2021). The SSA-recorded Numident data cover deaths of 
females and males dur ing 1988–2005. The pri mary advan tage of Censoc–Numident 
data is that they are linked at the indi vid ual level to the full-count 1940 cen sus, cre at-
ing a lon gi tu di nal panel of unprec e dented size with exten sive infor ma tion on fam ily 
char ac ter is tics and gran u lar geo graphic detail on the 1940 place of res i dence. The 
low est geo graphic area that the pub lic-use full-count 1940 cen sus pro vi des is the 
county. The 1940 cen sus asked respon dents to report their 1935 county of res i dence 
(if dif fer ent than that in 1940). Given our pri mary pur pose of explor ing in utero and 
early-life effects, we infer the county of birth based on the given infor ma tion. We 
assume that the 1935 county of res i dence is also the county of birth. We exclude the 
fol low ing respon dents from the sam ple: (1) those whose 1935 place of res i dence is 
not avail  able and who reported hav ing migrated dur ing the last five years and (2) 
those whose 1935 county infor ma tion is miss ing and state of birth dif fers from their 
1940 state of res i dence. If the state of birth is the same as the 1940 state of res i dence, 
the 1935 county is miss ing, and the respon dent did not migrate in the last five years, 
we can safely assume that the 1940 county of res i dence is the same as the county of 
birth. To fur ther mit i gate migra tion-related mea sure ment issues with our county-of-
birth var i able, we limit the sam ple to cohorts born after 1920. Despite these efforts, 
our county-of-birth mea sure still con tains mea sure ment error that might be cor re lated 
with expo sure to the Dust Bowl and later-life mor tal ity (Long and Siu 2018).

We extract the data for soil ero sion and Dust Bowl from Hornbeck (2011), who 
used Soil Conservation Service data to con struct county-level data on the share 
of farm lands’ top soil that has eroded. He cat e go rized these frac tion mea sures into 
three var i ables based on the cumu la tive frac tion of a county’s farm lands’ top soil 
that eroded in the 1930s: high-frac tion ero sion, medium-frac tion ero sion, and low-
frac tion ero sion.

For our anal y sis, we build a high-ero sion dummy var i able that equals 1 if the share 
of high-frac tion ero sion exceeded 75%. All other counties are con sid ered to have low 

2 Atherwood (2022) exam ined county data, Arthi (2018) used state data, and Cutler et al. (2007) used data 
on the cen sus region.
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94 H. Noghanibehambari and J. Fletcher

ero sion. Figure A1 shows the geo graphic dis tri bu tion of high- and low-ero sion coun-
ties across the coun try. Given the scar city of related agri cul tural and soil ero sion data 
for the 1930s, our data do not pro vide over-time var i a tion in the county soil ero sion 
data, although we can exam ine poten tial var i a tion indi rectly by esti mat ing effects 
sep a rately by each birth year. This lim i ta tion is com mon in stud ies of short- and long-
term effects of the Dust Bowl.

We merge the county-level data on soil ero sion with Numident–cen sus data based 
on indi vid u als’ county of birth. Whereas pre vi ous stud ies focused on counties affected 
by wind ero sion and his tor i cally rec og nized as Dust Bowl counties (Atherwood  
2022), we exam ine all U.S. counties and show het ero ge ne ity across regions. We do 
not limit the geo graphic cov er age of our sam ple because although ero sion was more 
severe in the Great Plains than else where, the effects were detect able in many areas 
as far away as the prai ries of Canada (McLeman et al. 2014; Schubert et al. 2004). 
Further, drought-driven ero sion was more wide spread and poten tially impacted agri-
cul tural prod ucts else where in the coun try.

For addi tional ana ly ses related to endog e nous fer til ity, we use data from Bailey 
et al. (2016) cov er ing births and deaths for a sub sam ple of more-pop u lous counties. 
We use 1960 cen sus data from Ruggles et al. (2020) to ana lyze mech a nism chan nels. 
We also draw on 1920–1940 decen nial cen sus data from Ruggles et al. to con struct 
county covariates, inter po lat ing them for interdecennial years.

Summary sta tis tics for the final sam ple are pro vided in Table 1. The age at 
death varies from 47.6 to 85.6 years, with an aver age of approx i ma tely 71.2 years. 
Approximately 8% of indi vid u als were born in high-ero sion counties. The sam ple 
underrepresents females and overrepresents Whites because the Numident–cen sus 
linking is pri mar ily based on name com mon al i ties and infor ma tion on birth place and 
age. Given that females usu ally changed their names after mar riage, they are less 
likely to be linkable. Although non-Whites are under rep re sented in the sam ple, they 
rep re sent their respec tive pop u la tions on other sociodemographic fea tures (Breen 
and Osborne 2022).

Econometric Method

The iden ti fi ca tion strat egy exploits the spa tial var i a tions in county-spe cific cumu la-
tive top soil ero sion com bined with rises in dust clouds and droughts in the 1930s ver-
sus a decade ear lier. We imple ment dif fer ence-in-dif fer ences ana ly ses using ordi nary 
least-squares regres sions of the fol low ing form:

yicsb = α0 +α1Postb × HErosioncs +α2Xi +α3Zcsb + ξc +ζsb + εicsb,  (1)

where y is the out come (age at death) of indi vid ual i  in county c in state s who 
was born in year b. Post is a dummy var i able that equals 1 for post-1930 years and 
0 oth er wise. HErosion is a dummy var i able indi cat ing high top soil ero sion in the 
county over the 1930s decade. The matrix X con tains indi vid ual and fam ily con-
trols, includ ing dummy var i ables for race, gen der, mater nal edu ca tion, and pater nal 
SES. Z includes sev eral county con trols constructed using county val ues in full-count 
decen nial censuses and inter po lated for interdecennial years. These con trols include 
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95In Utero Exposure to the Dust Bowl and Longevity

Table 1 Summary sta tis tics

Variable Mean SD Min. Max.

Numident–1940 Census Data
 Death age (months) 854.47565 69.10555 572 1,028
 Birth year 1927.1297 3.83597 1920 1940
 Death year 1998.3376 4.75345 1988 2005
 High ero sion .07662 .26598 0 1
 High ero sion × Post-1930 .02159 .14533 0 1
 Female .42877 .49490 0 1
 White .92604 .26170 0 1
 Black .07054 .25606 0 1
 Other race .00341 .05830 0 1
 His panic .01385 .11685 0 1
 Paternal SES 1st quar tile .20628 .40463 0 1
 Paternal SES 2nd quar tile .23355 .42309 0 1
 Paternal SES 3rd quar tile .19965 .39973 0 1
 Paternal SES 4th quar tile .23699 .42524 0 1
 Paternal SES miss ing .04353 .20405 0 1
 Maternal edu ca tion < high school .58219 .49320 0 1
 Maternal edu ca tion = high school .26960 .44375 0 1
 Maternal edu ca tion > high school .06158 .24040 0 1
 Maternal edu ca tion miss ing .08663 .28129 0 1
County Covariates
 Share homeowners .51516 .13121 .01811 .90763
 Share chil dren <5 years old .40899 .12508 .13409 1.09902
 Share lit er ate .88620 .15143 0 1
 Share mar ried .60847 .03182 .26571 .77807
 Average occu pa tional score 23.42786 4.08945 11.78472 32.76429
 Number of obser va tions 1,819,066
1960 Census Data
 Years of school ing 7.9491 2.89429 0 15
  >4 .92799 .25850 0 1
  >5 .88956 .31343 0 1
  >6 .79513 .40361 0 1
  >7 .72758 .44520 0 1
  >8 .64402 .47881 0 1
  >9 .57231 .49474 0 1
  >10 .18027 .38441 0 1
  >11 .13116 .33758 0 1
  >12 .08944 .28538 0 1
 Log total per sonal income 5.3709 3.53372 0 9.89684
 Log wage income 4.82951 3.84557 0 10.12667
 Female .50815 .49993 0 1
 Black .09593 .29449 0 1
 White .89788 .30280 0 1
 Number of obser va tions 645,778
Birth and Infant Death Data
 Infant mor tal ity rate per 100,000 births 61.93882 28.64321 0 1,000
 Birth rate per 1,000 women 39.87917 11.38456 0 149.79358
 Share births to Whites .67368 .23898 0 1
 Share births to Blacks .32546 .23886 0 1
 Number of obser va tions 60,330
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96 H. Noghanibehambari and J. Fletcher

the share of homeowners, the share of chil dren youn ger than 5, the share of lit er ate 
peo ple, the share mar ried, and the aver age occu pa tional score. The param e ters ξ and 
ζ rep re sent county and fixed effects for state by birth year. Finally, ε is a dis tur bance 
term. Standard errors are clus tered at the county level. Following Hornbeck (2012), 
we weight the regres sions using the farm land area of the county in 1930.3

Results

Main Results

We report our main results in Table 2. We start with regres sions that include only 
fixed effects for county and birth year, adding more covariates across con sec u tive 
col umns. When we add fixed effects for state by birth year, the mag ni tude of the 
mar ginal effects increases slightly (col umn 2). However, the effects in col umns 2–5 
are quite robust and sim i lar as we add more con trols. The full spec i fi ca tion, shown 
in col umn 5, sug gests that cohorts born in high-ero sion counties ver sus low-ero sion 
counties post-1930 ver sus pre-1930 live 0.85 fewer months.4

To put the effect of high ero sion into per spec tive, we com pare the num ber with the 
coef fi cients of other indi vid ual covariates in the same regres sions. Specifically, we use 

3 The online appen dix (sec tion C) shows the results of unweighted regres sions and exam ines the sen si tiv-
ity of the results to alter na tive weights. The esti mated coef fi cients sug gest sta bil ity to alter na tive weights 
and unweighted regres sions.
4 The online appen dix (sec tion F) explores the sen si tiv ity of our results across alter na tive mod els. The 
results are robust across a wide array of spec i fi ca tion checks, func tional form checks, an alter na tive  
dif fer ence-in-dif fer ences esti ma tion method, alter na tive cohort restric tions, and alter na tive stan dard error 
clus ter ing lev els.

Table 2 Main results for effect of expo sure on age at death (months)

 (1) (2) (3) (4) (5)

High Erosion × Post-1930 –.84895* –.86141* –.90603* –.89264* –.84591*
(.3973) (.41969) (.41985) (.41997) (.42258)

Number of Observations 1,818,426 1,818,422 1,818,422 1,818,422 1,818,422
R2 .32596 .32643 .32927 .32959 .32959
Mean 854.811 854.811 854.811 854.811 854.811
% Change −0.099 −0.101 −0.106 −0.104 −0.099
Birth Year Fixed Effects     
County Fixed Effects     
Birth-Year-by-Birth-State Fixed Effects    
Individual Covariates   
Family Controls  
County Covariates 

Notes: Standard errors, clus tered on the county, are shown in paren the ses. Regressions are weighted using 
county farm land in 1930.

*p < .05
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97In Utero Exposure to the Dust Bowl and Longevity

the female–male lon gev ity gap (coef fi cient on female = 7.21, SE = 0.11) and the Black–
White gap in lon gev ity (coef fi cient on Black = −4.23, SE = 0.23). The effects of high 
ero sion rep re sent 11.7% of the female–male gap and 20.1% of the Black–White gap.

Hornbeck (2012) found that high-ero sion counties expe ri enced a 12% reduc tion in 
retail sales per cap ita, equiv a lent to approx i ma tely a 0.11-stan dard-devi a tion change 
in retail sales per cap ita in their sam ple. Noghanibehambari et al. (2022) found that 
in utero and early-life local eco nomic con di tions, proxied with bank depos its per 
cap ita, were sig nifi  cantly asso ci ated with old-age lon gev ity. Furthermore, they val-
i dated their proxy by show ing a cor re la tion between bank depos its and alter na tive 
mea sures of local eco nomic con di tions (includ ing retail sales per cap ita). They found 
that a 1-stan dard-devi a tion decrease in bank depos its per cap ita was asso ci ated with 
a 0.21-stan dard-devi a tion drop in retail sales per cap ita and an age at death that 
was roughly 2.7 months lower. Using the cumu la tive effects reported by Hornbeck 
(2012) and these effects, we reach a back-of-the-enve lope effect of 1.4 months due 
to wors en ing eco nomic con di tions resulting from high top soil ero sion in the county 
of birth—slightly larger than the mar ginal effect of 0.85 months shown in Table 2.

The aver age life expec tancy at birth in the United States increased by approx i-
ma tely 8 years between 1920 and 1940. The intent-to-treat effect of 0.85 months on 
lon gev ity rep re sents roughly a 1% change in lon gev ity across cohorts in our final 
sam ple. Another way to gauge the eco nomic sig nifi  cance of the results is to com-
pare them with other stud ies explor ing the deter mi nants of lon gev ity. For instance, 
Chetty et al. (2016) explored the income–lon gev ity rela tion ship across income per-
cen tiles and found that for each addi tional income per cen tile, lon gev ity increased by 
roughly 1.9 months—a rel a tively con stant fac tor across dif fer ent base line per cen tiles. 
At the mean of the pop u la tion, a 1-per cen tile change rep re sents roughly $8,000 (in 
2020 dol lars). Therefore, our results sug gest that the intent-to-treat effects of early- 
life expo sure to the Dust Bowl might be off set by approx i ma tely $3,600 in addi tional 
annual income. Fletcher and Noghanibehambari (forthcoming) explored the effects 
of col lege open ing on col lege edu ca tion and mor tal ity, find ing intent-to-treat effects 
of 0.13 months of addi tional lon gev ity for each addi tional four-year col lege open ing 
as a result of increases in col lege edu ca tion. Compared with our esti mated intent-to-
treat effects, the neg a tive effects of high top soil ero sion off set the pos i tive effects of 
roughly seven new four-year col le ges in the local area.

Heterogeneity Across Subsamples

Table 3 explores the het ero ge ne ity of results across sub sam ples based on sociodemo-
graphic char ac ter is tics. Column 1 rep li cates the main results shown in col umn 5 of 
Table 2. Columns 2 and 3 dis play results for White and non-White indi vid u als. We 
con duct this het ero ge ne ity anal y sis because of evi dence of racial dis par ity in expo-
sure and effects of envi ron men tal shocks (Berberian et al. 2022; Park et al. 2020). 
Further, as we dem on strate later in the arti cle, shocks to income and food acces si bil-
ity are part of the path ways between early-life expo sure to the Dust Bowl and old-age 
mor tal ity, and these shocks have a greater impact on non-Whites, who have lower 
SES, on aver age. Indeed, the esti mated coef fi cient drops by approx i ma tely 19% for 
Whites and increases by approx i ma tely 75% among non-Whites.
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98 H. Noghanibehambari and J. Fletcher

Columns 4 and 5 of Table 3 exam ine het ero ge ne ity by gen der. The esti mated 
effect of high ero sion is slightly larger among females than males (−0.92 vs. 
−0.81)—a dif fer en tial gen der impact that has also been shown by other stud ies. 
Several stud ies found larger and more per sis tent impacts of health shocks among 
females (Ae-Ngibise et al. 2019; Bharadwaj and Lakdawala 2013; Chen et al. 2020; 
Muchomba and Chatterji 2020; Wang et al. 2017).

Column 6 focuses on those whose fathers worked in farm-related occu pa tions. The 
effect size of high ero sion sug gests con sid er ably larger impacts for these indi vid u-
als, with a coef fi cient roughly 2.9 times that of the main results. The effects seem to 
operate largely through income chan nels, given that top soil ero sion pro duced a large 
income shock among farm ers.

Column 7 shows effects for indi vid u als with low-edu cated moth ers. The mar ginal 
effect rises in mag ni tude and remains sta tis ti cally sig nifi  cant. Overall, the effects are 
more pro nounced for non-Whites, females, indi vid u als whose fathers farmed, and 
indi vid u als whose moth ers had lower edu ca tion.

We also exam ine the het ero ge ne ity of the results across cen sus regions because 
the dos age and inten sity of top soil ero sion dif fered sys tem at i cally across regions. 
Figure A1 reveals a higher con cen tra tion of counties with high top soil ero sion in the 
South and Midwest. If the effects operate pri mar ily through direct impacts of agri-
cul ture and income shocks rather than spill overs from other counties or states, one 
may expect higher impacts in these regions. The online appen dix (sec tion G) shows 
that the effects of high ero sion are pri mar ily con cen trated in counties in the West and 
espe cially in the South and Midwest.

Finally, we exam ine het ero ge ne ity by migra tion sta tus, find ing that the effects are 
pri mar ily con fined to non mi grants (i.e., those who stayed in their birth state until 
1940). These results are also reported in the online appen dix (sec tion G). The effect 
flips sign and becomes sta tis ti cally insig nifi  cant for those who migrated (i.e., died in 
a state other than their birth state).

Table 3 Heterogeneity in age at death (months) across sub sam ples

Full 
Sample

(1)
White

(2)
Non-White

(3)
Female

(4)
Male
(5)

Father Is a 
Farmer

(6)

Maternal 
Education 
< College

(7)

High Erosion  
× Post-1930

–.84591* –.68795 −1.51431 –.91756 –.81182 −2.50945* –.95668*
(.42258) (.45282) (1.16205) (.67242) (.55319) (1.21229) (.43175)

Number of 
Observations 1,818,422 1,684,118 134,036 779,673 1,038,744 219,587 1,578,090

R2 .32959 .32752 .35891 .33689 .32131 .35807 .33198
Mean 854.811 855.514 844.501 860.479 850.593 846.752 853.954
% Change −0.099 −0.080 −0.179 −0.107 −0.095 −0.296 −0.112

Notes: Standard errors, clus tered on county, are shown in paren the ses. Regressions include fixed effects 
for county and state by birth year. All regres sions include indi vid ual, fam ily, and county covariates. 
Regressions are weighted using county farm land in 1930.

*p < .05
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99In Utero Exposure to the Dust Bowl and Longevity

Endogeneity Concerns

The esti mated coef fi cients from Eq. (1) poten tially pro vide biased esti ma tes. The first 
con cern regards the likely com po si tion changes among cohorts in the treated and con-
trol groups. These treated–con trol cohort dif fer ences could bias the esti ma tes if other 
dimen sions asso ci ated with each group are also cor re lated with our mea sures of ero-
sion expo sure. For instance, if lower SES indi vid u als were more likely to be exposed 
to ero sion shocks, the esti mated coef fi cients would be over es ti ma tes, given that these 
indi vid u als had a lower age at death due to unob served fac tors. The dif fer en tial expo-
sure or the dif fer en tial cohort com po si tion of the final sam ple could result from sev-
eral fac tors, includ ing endog e nous postevent migra tion, birth com po si tion, fetal and 
infant deaths, and sur vival into adult hood. However, two pieces of empir i cal evi dence 
are incon sis tent with these endogeneity sources. First, we directly test for changes in 
com po si tion dif fer ences among the final sam ple by implementing bal anc ing-test-type 
event stud ies. In these event stud ies, we assume that the event occurred in 1930. 
We com pare the char ac ter is tics of indi vid u als in high-ero sion counties with those in 
low-ero sion counties in dif fer ent years rel a tive to 1929–1930. We group event times 
into two-year bins. To explore the pre- and posttrends in sociodemographic char ac-
ter is tics, we use indi vid ual and fam ily char ac ter is tics as the out comes. In all  regres-
sions, we include state–year and county fixed effects. The results from regres sions in 
which the high-ero sion mea sures are interacted with event-time dummy var i ables are 
reported in Figures 1 and 2. For com par i son, we stan dard ize all  out comes.

We observe small decreases in the share of Whites for 1934–1940 in high- 
ero sion counties (top left panel, Figure 1). Given the inclu sion of very few indi vid u-
als of other races in the data, the results for Blacks (top right panel, Figure 1) reflect 
the effects on Whites. The share of females also increased slightly for high-ero sion 
mea sures in the 1932–1933 group (bot tom left panel, Figure 1). In addi tion, fathers’ 
edu ca tion decreased slightly for the 1932–1933 cohorts, and mother’s edu ca tion 
decreased slightly for the 1936–1940 cohorts (top pan els, Figure 2). Further, pater-
nal SES decreased for the 1936–1937 cohort (bot tom left panel, Figure 2). Although 
these excep tions pro vide point esti ma tes that are larger than other coef fi cients, they 
are barely sig nifi  cant at con ven tional lev els. Further, besides these excep tions, almost 
all  other pre-1930 and post-1930 coef fi cients in both groups are not sta tis ti cally sig-
nifi  cant. Moreover, the effects do not reveal a con sis tent pat tern of change dur ing the 
1920s and 1930s.

We iden tify four addi tional rea sons why these sug ges tive com po si tional changes 
may not influ ence the results of Eq. (1). First, their implied effects on lon gev ity are 
sub stan tially smaller than the reduced-form effects. For instance, our regres sions esti-
mate that the implied confounding influ ence of pater nal school ing is roughly 0.4% of 
the effects of the high-ero sion dummy var i able on age at death.5 Second, we observe 
changes for a lim ited num ber of cohorts. The aver age changes for post-1930 ver sus 
pre-1930 cohorts are very small and insig nifi  cant for most of the out comes stud ied here. 

5 The coef fi cient on father’s years of school ing for the 1932–1933 cohorts is −0.11 (SE = 0.047)—a 1.4% 
change. The com par a tive coef fi cient in the fully param e trized regres sion of Eq. (1) is 0.26 (SE = 0.018). 
Therefore, the confounding influ ence of lower father’s years of school ing for this group is roughly 0.004 
months—about 0.4% of the effect shown in col umn 5 of Table 2.
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100 H. Noghanibehambari and J. Fletcher

We con duct this anal y sis through bal anc ing tests, reported and discussed in the online 
appen dix (sec tion B). For instance, the dif fer ence-in-dif fer ences coef fi cient of the high-
ero sion dummy var i able on White and female sug gests insig nifi  cant changes of 18 and 
40 basis points, respec tively, which is equiv a lent to roughly a 0.2% and 0.9% change 
com pared with the out come’s mean. We com ple ment this anal y sis by implementing the 
same bal anc ing tests using the orig i nal cohorts in the full-count cen sus. This anal y sis 
elim i na tes the poten tial con cern of the observed effects of those who were selected in 
Numident data by looking at the pop u la tion of these cohorts. Again, we observe quite 
small and insig nifi  cant changes in the pop u la tion com po si tion for those in high-ero sion 
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High Erosion × Year–Group Dummy Variable
Fig. 1 Point estimates and 95% confidence intervals from event study exploring cross-cohort race, eth-
nicity, and sex compositional changes and topsoil erosion measures. Standard errors are clustered on the 
county. Regressions include state–year and county fixed effects and are weighted using county farmland 
in 1930.
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101In Utero Exposure to the Dust Bowl and Longevity

counties post-1930. Third, we would expect to observe a con sis tent pat tern across var-
i ous sociodemographic and socio eco nomic out comes if there was a notice able com po-
si tional change in fam ily for ma tion and the sam ple’s sociodemographic char ac ter is tics. 
However, the pat tern is not con sis tent. We observe (small and insig nifi  cant) increases 
in the share of Whites and females (pointing to lon gev ity improve ments) but (small and 
insig nifi  cant) decreases in pater nal SES and mater nal edu ca tion (see sec tion B, online 
appen dix). Fourth, as we dis cuss later, these insig nifi  cant changes are also con sis tent 
with our ana ly ses on fer til ity and infant mor tal ity.

In line with the ear lier bal anc ing-test anal y sis of endog e nous changes in sociode-
mographic char ac ter is tics, we can imple ment a direct test of endog e nous fer til ity and  
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Fig. 2 Point estimates and 95% confidence intervals from event study exploring parental education and 
paternal SES change across years and topsoil erosion measures. Standard errors are clustered on the county. 
Regressions include state–year and county fixed effects and are weighted using county farmland in 1930.
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102 H. Noghanibehambari and J. Fletcher

mor tal ity selec tion. We have lim ited natal ity infor ma tion for a sub set of the United 
States in 1920–1940. We merge this county–year panel dataset with the top soil ero sion 
data base and imple ment regres sions sim i lar to Eq. (1). We do not observe changes in 
infant mor tal ity or birth rates, nor do we observe changes in the com po si tion of births 
to Whites and Blacks (see Table E1, online appen dix).

Second, the dif fer ence-in-dif fer ences coef fi cients of Eq. (1) pick up the pre-1930 
dif fer ences across high- ver sus low-ero sion counties. Such dif fer ences intro duce 
preexisting lon gev ity trends if the struc tural dif fer ences also appear in other health 
dimen sions of high- ver sus low-ero sion counties that per sist in the long-run out-
comes. For instance, deep plowing and inten sive agri cul ture could have trig gered 
soil ero sion before the 1930s, spe cifi  cally in counties with higher cumu la tive ero sion 
recorded in the 1930s. This poten tial pre-1930 soil ero sion could have affected land 
val ues and employ ment in those counties (Hornbeck 2012). To explore the con cern 
of preexisting lon gev ity trends due to the dif fer en tial tra jec tory of treated and con trol 
counties, we imple ment an event-study anal y sis in which we assume that the event 
occurred at the onset of the 1930s and the event time is the birth year rel a tive to the 
event date. We aggre gate event-time coef fi cients into two-year bins. We imple ment 
the full spec i fi ca tions of Eq. (1) and replace the time dummy var i able with our event-
study coef fi cients. The results are reported in Figure 3. Almost all  of the pretrend 
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Fig. 3 Point estimates and 95% standard errors from event study exploring in utero effects of Dust Bowl 
exposure on old-age mortality. Standard errors are clustered on the county. Regressions include fixed 
effects for county and state by birth year. All regressions include individual, family, and county covariates 
and are weighted using county farmland in 1930.
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103In Utero Exposure to the Dust Bowl and Longevity

coef fi cients are sta tis ti cally and eco nom i cally insig nifi  cant. The effects started ris-
ing in mag ni tude after 1930. This rise is more dis cern ible for 1932–1933 cohorts, 
for whom the event-time coef fi cient becomes sta tis ti cally sig nifi  cant. Although the 
1934–1940 coef fi cients are sta tis ti cally insig nifi  cant, they are quite sim i lar in size 
to the 1932–1933 coef fi cients and con sid er ably larger than all  pretrend coef fi cients. 
From this observed pat tern of coef fi cients, we can deduce that the Dust Bowl period 
had neg a tive impacts for high-ero sion counties and that these effects do not reflect 
preexisting lon gev ity trends.

Third, the 1940 cen sus and Numident data are poten tially endog e nously linked. 
If Numident obser va tions with a higher like li hood of merg ing with the 1940 cen sus 
have char ac ter is tics that are cor re lated with both their ero sion expo sure and their 
health out comes that can be detected in old-age mor tal ity out comes, then the esti-
ma tes of Eq. (1) likely weigh toward those endog e nously deter mined fea tures rather 
than the effects of ero sion. Our empir i cal test of this pos si bil ity reveals no evi dence 
of an endog e nous linking direc tion (online appen dix, sec tion E). We observe no sta-
tis ti cally mean ing ful asso ci a tions between the expo sure var i ables and the like li hood 
of merg ing from the orig i nal pop u la tion.

Comparison With Alternative Data Sources

Our data source cov ers deaths occur ring in 1988–2005. One con cern in this cen sored-
struc ture data is left and right trun ca tion, which could bias the results if the early-life 
expo sure effects appear at youn ger ages, inhibiting detec tion at older ages. Similarly, 
the effects could have a latent aspect such that they are con cen trated in older ages. We 
explore these poten tial age-spe cific con cen tra tions of effects using an alter na tive data 
source that cov ers ear lier death records: the DMF data from Goldstein et al. (2021), 
cov er ing deaths occur ring in 1975–2005. We imple ment the same sam ple selec tion 
cri te ria and employ the same regres sions as in Eq. (1). We report and dis cuss our 
com par i sons in the online appen dix, sec tion H. We find sig nifi  cant effects of com pa-
ra ble size. We also argue that the inclu sion of the ear lier death win dow might slightly 
increase the mag ni tude of the effects.

Another con cern is the exclu sion of post-2005 deaths in the death win dow of the 
Numident data. To explore the sen si tiv ity of the results to later deaths, we use Vital 
Statistics death records of all  deaths up to 2020. These data are dis ad van taged in that 
they do not con tain the county of birth and report only the state of birth for post-1979 
death years. We use an aggre gated ver sion of top soil ero sion data and imple ment 
regres sions with an iden ti fi ca tion strat egy com pa ra ble to Eq. (1). We report and dis-
cuss the results in the online appen dix, sec tion D. We argue that this trun ca tion under-
es ti mates the true effects (sim i lar to the anal y sis with the DMF data in sec tion H). 
Our back-of-the-enve lope cal cu la tion sug gests that high ero sion is asso ci ated with 
roughly 2.8 months lower lon gev ity (if we could expand the death win dow to pre-
1988 and post-2005 deaths).

Moreover, the trun ca tion of the death win dow could con found the esti mated 
effects if the selec tion pro cess is cor re lated with expo sure mea sures in our equa tions. 
To address this issue, we employ the Heckman two-step cor rec tion model (Heckman 
1979), which esti ma tes the selec tion pro cess using the uni verse of the orig i nal cohort 
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104 H. Noghanibehambari and J. Fletcher

in the first step and cal cu lates inverse Mills ratios that are added to the sec ond-step 
equa tion as an addi tional con trol to cor rect for selec tion bias. As shown in sec tion I of 
the online appen dix, the esti mated effects are com pa ra ble to those reported in Tables 
2 and 3, suggesting that non ran dom selec tion due to trun ca tion is not likely to con-
found mor tal ity equa tions.

Potential Mechanisms

The Dust Bowl may have affected later-life mor tal ity through sev eral chan nels. The 
imme di ate impact of this envi ron men tal catas tro phe was on agri cul tural pro duc tion. 
In sec tion J of the online appen dix, we use county-level pro duc tion data for selected 
years with avail  able data for 1920–1940 to exam ine the effects of top soil ero sion on 
total agri cul tural pro duc tion using regres sions sim i lar to Eq. (1). We find reduc tions 
of roughly 50% to 90% for the county-level pro duc tion of oats, wheat, bar ley, rye, 
and pota toes. This sub stan tial impact on agri cul tural out put may have affected food 
sup ply, food secu rity, and food prices. This chan nel is plau si ble: food prices and food 
inse cu rity are more rel e vant for lower SES indi vid u als, as evidenced in the larger 
effects for non-Whites and indi vid u als from lower edu ca tion fam i lies in Table 3.

A sec ond chan nel is reduc tions in income from agri cul ture and from the spill over 
effects of the agri cul tural sec tor on other sec tors. We empir i cally test this pos si bil-
ity using full-count cen sus data for a sim i lar period (1920–1940) and implement-
ing regres sions sim i lar to Eq. (1). As shown in sec tion J of the online appen dix, we 
observe reduc tions in farm sta tus, as would be expected if the Dust Bowl wors ened 
job pros pects and profi ts in the farm ing sec tor. We also observe reduc tions in the 
aver age county-level SES. However, we find a much larger drop in SES among those 
with farm-related occu pa tions. Furthermore, although aver age county-level labor 
force par tic i pa tion rates did not change, labor force par tic i pa tion among indi vid u als 
with farm-related occu pa tions decreased sig nifi  cantly. This chan nel is also plau si ble, 
given the much larger lon gev ity effects among chil dren whose fathers were farm ers 
(Table 3, col umn 6).

Another pos si ble chan nel is air qual ity changes. Although we are unaware of 
detailed pol lu tion data avail  able for the period of study (lim it ing our abil ity to test 
this chan nel directly), stud ies sug gest that dust storms and dust clouds con tain health-
det ri men tal pol lut ants (Heft-Neal et al. 2020; Jones 2020). Moreover, in utero and 
early-life expo sures to pol lu tion neg a tively and sig nifi  cantly impact health out comes, 
with lin ger ing effects across the life course (Carpenter and Bushkin-Bedient 2013; 
Currie et al. 2014).

Another poten tial path way is the influ ence of the Dust Bowl on men tal pres sure 
and stress. Stress may directly affect young chil dren’s health with long-last ing con-
se quences. For instance, early-life stress is asso ci ated with adult hood met a bolic syn-
dromes (Pervanidou and Chrousos 2012), adverse cog ni tive func tion ing (Hedges and 
Woon 2010), and neg a tive effects on neu ral sys tems, with impli ca tions for psy cho-
log i cal and behav ioral devel op ment (Smith and Pollak 2020). Moreover, envi ron-
men tally induced mater nal stress dur ing pre na tal devel op ment has adverse effects on 
infants and results in low birth weight and pre term birth (Duncan et al. 2017; Kim 
et al. 2017; Torche 2018). Maternal stress releases stress hor mones (e.g., cor ti sol) that 
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105In Utero Exposure to the Dust Bowl and Longevity

pass through the pla centa and affect fetal devel op ment by inhibiting organ growth 
and lead ing to pre term birth. Premature birth is asso ci ated with a higher like li hood 
of low birth weight, with poten tial short- and long-run effects on health and social 
out comes across the life course (Almond et al. 2005; Fletcher 2011). Although stress 
is a likely chan nel, lack of detailed data for the study period lim its our abil ity to test 
the asso ci ated links.

These chan nels can poten tially affect a wide range of out comes across the life 
course. Some of these out comes could be medi a tory chan nels through which the ini-
tial impacts affect old-age health and mor tal ity. For instance, sev eral stud ies have 
suggested that changes in edu ca tion and income are poten tial path ways between early- 
life shocks and old-age health (Adhvaryu et al. 2019; Almond et al. 2018; Currie  
and Vogl 2013; Kesternich et al. 2015). However, infor ma tion on edu ca tion and 
income is not avail  able in the Numident data. Moreover, the 1940 cen sus infor ma tion 
on edu ca tion and income is unre li able because cohorts have not com pleted their edu-
ca tion or have yet to enter the labor mar ket. Another bar rier to explor ing edu ca tion–
income chan nels is that the pub lic-use censuses do not report county of res i dence for 
sam ples from 1950 onward. Although the IPUMS extracts of Ruggles et al. (2020) 
de-iden tify some counties on the basis of pop u la tion and other geo graphic iden ti fi ers, 
these data are far from uni ver sal and usu ally iden tify less than 17% of counties.

The cen sus began pro vid ing a below-state and uni ver sal-cov er age geo graphic 
iden ti fier, Public-Use Microdata Area (PUMA), in 1960. The PUMA bound aries vary 
over time and are defined using pop u la tion and pop u la tion den si ties. A PUMA cov-
ers sev eral counties in rural areas with low pop u la tion den si ties, but sev eral PUMAs 
con sti tute one county in urban areas. We employ PUMA and the IPUMS extract’s 
de-iden ti fied counties to con struct a new geo graphic bound ary that is the greater of 
the county and PUMA. We name this geo graphic var i able PUMA-county. We build 
a cross walk between counties and PUMA-counties and aggre gate the soil ero sion 
data base into the PUMA-county level. We then merge the PUMA-county-level soil 
ero sion data base with the 1960 cen sus using indi vid u als’ PUMA-county and birth 
year. We imple ment sim i lar sam ple selec tions as in the main anal y sis and focus on 
1920–1940 cohorts with full infor ma tion on edu ca tion and income, regard less of their 
labor force sta tus. We then imple ment regres sions sim i lar to Eq. (1), with mea sures of 
edu ca tion and income as the out comes.

Columns 1–9 of Table 4 dis play the results for dummy var i ables indi cat ing that 
the indi vid ual had more than 4–12 years of school ing, respec tively. The main pur-
pose of this set of defi  ni tions is to explore the lev els of edu ca tion at which the effects 
are con cen trated. We observe increases in those who fin ished ele men tary and sec-
ond ary school ing. However, the effects flip sign and become small and insig nifi  cant 
for school ing beyond 9 years (i.e., high school edu ca tion and above). Specifically, 
we do not observe sta tis ti cal changes for high school grad u ate and col lege edu ca-
tion (col umns 8 and 9). Arthi (2018) found increases in edu ca tion that were more 
con cen trated in high school com ple tion. However, our results sug gest that chil dren 
were more likely to fin ish ele men tary and mid dle school and enter high school but 
were less likely to fin ish high school and go to col lege owing to expo sure to high 
ero sion. Consistent with Arthi (2018), we argue that in the absence of the Dust Bowl, 
these chil dren would have worked on the farm and that the reduc tions in agri cul tural 
employ ment pushed them toward enter ing high school.
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Columns 10 and 11 explore the effects on log total income and log wage income, 
respec tively. The coef fi cients sug gest 27% and 35% reduc tions in total income and 
wage income, respec tively. These results are also con sis tent with Arthi’s (2018) doc-
u men ta tion of effects on later-life dis abil ity. In con trast, the effects seem to con tra-
dict those of edu ca tion in col umns 1–6. However, the effects of edu ca tion appear 
only to push those with ele men tary school ing to attend sec ond ary school ing. These 
improve ments do not trans late into high school grad u a tion or col lege atten dance. 
The lit er a ture on edu ca tion and income usu ally sug gests larger improve ments in high 
school grad u a tion and col lege edu ca tion rates (Murnane 2013). More impor tantly, 
the pri mary chan nel between edu ca tion and health is changes in income and SES. 
As implied from Table 4, the improve ments in pri mary and sec ond ary edu ca tion 
(col umns 1–6) do not trans late into improve ments in per sonal income. Hence, the 
effects on edu ca tion may not ben e fit health out comes later in life. On the other hand, 
the rel a tively large effects on income sig nify worse socio eco nomic out comes dur ing 
adult hood. The adverse socio eco nomic effects and the observed reduc tions in income 
could per sist through old age and appear in old-age health and mor tal ity out comes 
(Biggs et al. 2010; Chetty et al. 2016; Cristia 2009; Demakakos et al. 2015; Gong 
et al. 2019; Hajat et al. 2011).

Discussion and Conclusion

Individuals world wide are increas ingly fac ing nat u ral disas ters and envi ron men tal 
catas tro phes, partly owing to cli mate change (Banholzer et al. 2014; Cappelli et al. 
2021). However, media atten tion and gov ern ment inter ven tions are usu ally short-
lived. A recently devel oped lit er a ture pro vi des evi dence of the medium-run out comes 
of early-life and child hood expo sures, but lit tle is known about the long-run out comes 
(Aizer, Eli et al. 2016; Almond et al. 2018). Understanding the full costs for exposed 
pop u la tions is impor tant in cost–ben e fit cal cu la tions and relief pol icy designs. We 
attempted to com ple ment this lit er a ture and con trib ute to our grow ing under stand-
ing of this topic by eval u at ing the effects of in utero and early-life expo sure to Dust 
Bowl–driven soil ero sion on later-life mor tal ity.

We employed SSA death records linked to the full-count 1940 cen sus. We imple-
mented dif fer ence-in-dif fer ences designs to com pare the lon gev ity out comes of indi-
vid u als born in high-ero sion counties ver sus low-ero sion counties in the 1930s (the 
Dust Bowl era) ver sus ear lier. Our results sug gest sta tis ti cally sig nifi  cant lon gev ity 
reduc tions of 0.85 months for those born in high-ero sion counties. We used the uni-
verse of cohorts born in the 1930s and observed in 1940 to extract the poten tial total 
life-years lost due to early-life expo sure to the Dust Bowl. We implemented the same 
infer ence method as in the main anal y sis to assign their county of birth. A sim ple 
back-of-the-enve lope cal cu la tion sug gests that 190,842 life-years were lost among 
cohorts born in high-ero sion counties.6

6 In total, 2,694,248 chil dren were born in the 1930s (observed in the full-count 1940 cen sus) in high- 
ero sion counties. Multiplying this num ber by the mar ginal effect of high ero sion in col umn 5 of Table 2 
(0.85 months) and divid ing by 12 leads to roughly 190,842 years.
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We implemented event stud ies to exam ine the con cerns over preexisting health 
and lon gev ity trends. We found small increases in the share of females and small 
reduc tions in father’s edu ca tion and father’s SES among exposed cohorts, imply ing 
a lim ited role in the selec tion of births based on fam ily SES that could par tially lead 
to the observed effects on lon gev ity. However, these selec tion effects are rel a tively 
minor, and most coef fi cients are insig nifi  cant.

We conducted robust ness checks to show that our results are not sen si tive to addi-
tional covariates and fixed effects, alter na tive out comes, func tional forms, alter na-
tive dif fer ence-in-dif fer ences esti ma tions, alter na tive clus ter ing lev els, or alter na tive 
sub sam ples. In addi tion, our het ero ge ne ity ana ly ses revealed larger effects among 
females and indi vid u als whose moth ers had lower edu ca tion.

We used the 1960 cen sus to explore poten tial mech a nisms. Regression results 
revealed that exposed indi vid u als were more likely to attend sec ond ary school. How-
ever, we did not find improve ments in high school grad u a tion and col lege atten dance 
rates. On the con trary, we found rel a tively large effects on income. We argue that 
the scar city of agri cul tural jobs pushed chil dren to attend sec ond ary school, but the 
neg a tive health effects over came the poten tially small effects of edu ca tion such that 
the net effects on income were neg a tive, sta tis ti cally sig nifi  cant, and rel a tively large 
in mag ni tude. We posit that the income and wage reduc tions sig nify wors ened SES, 
which could per sist over the life cycle and influ ence old-age health and lon gev ity.

Finally, our study has some lim i ta tions. First, we assumed that the county of res-
i dence in 1935 and 1940 (obtained from the 1940 cen sus) could pro vide a reli able 
mea sure for the county of birth. However, indi vid u als might have migrated from their 
county of birth by 1935, and their migra tion could have resulted from the Dust Bowl. 
Migration adds mea sure ment error to our regres sions and, more impor tantly, could be 
cor re lated with indi vid u als’ later-life lon gev ity (Black et al. 2015; Rasulo et al. 2012). 
Second, the data we used pro vide trun cated death cov er age (1988–2005), poten tially 
induc ing sam ple selec tion that down wardly (upwardly) biases esti ma tes if mor tal ity 
is higher (lower) at youn ger ages before 1988 as a result of early-life expo sure to the 
Dust Bowl. Similarly, selec tion could result in underestimated (overestimated) coef-
fi cients if the mor tal ity effects are stron ger (weaker) at older ages—spe cifi  cally, as 
observed after 2005. Although we found sug ges tive empir i cal evi dence to rule out 
this con cern, the death years were not selected ran domly, and the data still might have 
pro duced biased esti ma tes. Further, as discussed ear lier in this arti cle (and in sec tion 
D, online appen dix), the effects could have been much larger had we had infor ma tion 
on deaths before 1988 and after 2005. Third, we did not have access to indi vid u als’ 
other later-life out comes and so could not imple ment a more com pre hen sive anal y sis 
in explor ing mech a nisms. This data lim i ta tion forced us to use a sam ple of sim i lar 
cohorts from the 1960 cen sus to exam ine the effects on edu ca tion and income. There-
fore, we advise using cau tion in interpreting the results of the mech a nisms anal y sis 
because it does not con tain the same indi vid u als as those in the final sam ple. ■
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