Population and Environment (2022) 43:530-552
https://doi.org/10.1007/s11111-022-00398-w

ORIGINAL PAPER

®

Check for
updates

Does a prolonged hardship reduce life span? Examining
the longevity of young men who lived through the 1930s
Great Plains drought

Serge Atherwood'

Accepted: 14 April 2022 /Published online: 7 May 2022
© The Author(s) 2022

Abstract

The Great Plains drought of 1931-1939 was a prolonged socio-ecological disas-
ter with widespread impacts on society, economy, and health. While its immediate
impacts are well documented, we know much less about the disaster’s effects on dis-
tal human outcomes. In particular, the event’s effects on later life mortality remain
almost entirely unexplored. Closing this gap would contribute to our understand-
ing of the long-term effects of place-based stress. To help fill this gap, I use a new,
massive, linked mortality dataset to investigate whether young men’s exposure to
drought and dust storms in 341 Great Plains counties was linked to a higher risk of
death in early-old age. Contrary to expectations, results suggest exposure to drought
conditions had no obvious adverse effect among men aged 65 years or older at time
of death—rather, the average age at death was slightly higher than for comparable
men without exposure. This effect also appears to have been stronger among Plains-
men who stayed in place until the drought ended. A discussion of potential explana-
tions for these counterintuitive results is provided.

Keywords Mortality - Drought - Stress - Migration - Place attachment

Introduction

Almost a century ago, the Great Plains were the setting for what would become
one of the most impactful socio-ecological disasters in American history (Arthi,
2018; Egan, 2006; Hurt, 1981; Worster, 1979). In the spring of 1931, unrelenting
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agricultural drought! and extreme heat fell upon the middle of the continent, from
Texas to the Canadian prairies. Millions of acres of winter wheat—all of it hardy
grassland before being plowed under the previous decade—dried out and died, dev-
astating an agrarian economy already reeling from a collapse in the price of wheat
(Egan, 2006; McLeman et al., 2014). With little to hold it in place, the overturned
soil began to blow away with the strong Plains winds, creating rolling storms of
choking dust and stinging sand that assailed the region’s residents. In some parts of
the Plains, these conditions lasted 7 or 8 years.

While the drought’s immediate impacts on employment, economy, health, and
mortality are well documented, little is known about its effects on distal human out-
comes (Arthi, 2018; Cutler et al., 2007). In particular, the drought’s influence on the
longevity of individuals who lived through it remains almost entirely unexplored.
But it is possible that drought-related stresses increased the risk of premature death.
Associations have been found between drought and stress (e.g., O’Brien et al., 2014;
Polain et al., 2011; Stain et al., 2011) and between stress and mortality (e.g., Aldwin
et al., 2011; Amick et al., 2002; Ferraro & Nuriddin, 2006; Rodgers et al., 2021),
and the 1930s drought was a highly stressful period for individuals and families.
This was likely even more so the case for those residing in the region of the South-
ern Plains that came to be known as the Dust Bowl, where the effects of drought and
soil erosion were especially severe (Egan, 2006; Hornbeck, 2012; Worster, 1979).2

Under such circumstances, drought and blowing dust and sand may have contrib-
uted to mortality risk later in life. Throughout the 1930s, isolated spikes in acute
mortality were attributed to dust storm exposure, and “dust pneumonia,” in particu-
lar, was estimated to be responsible for thousands of excess deaths (Worster, 1979).
However, these deaths occurred mainly among the young and elderly despite indi-
viduals of all ages being exposed to the same conditions. An unanswered question
for those outside these vulnerable age groups is whether the onslaught of environ-
mental insults directly or indirectly led to an elevated risk of premature later-life
mortality. The answer may not only help explain the longevity effects of an unprec-
edented disaster but inform how mortality might be affected by future ecological
shocks in an era of climate change-induced aridification (Romm, 2011; Alexander
et al., 2018; Cowan et al., 2017). It may also provide a useful historical counterpoint
to the understudied yet relevant association between drought and population health
(Berman et al., 2017; Lynch et al., 2020).

With this study, I extend to longevity outcomes the approach by Cutler et al.
(2007) and Arthi (2018) to relate early-life drought exposure to later-life health and
human capital outcomes. Specifically, I investigate whether protracted exposure to
the drought’s burdensome conditions as a young man resulted in a higher risk of

! Agricultural drought refers to one of four main categories of drought, in which the absence of pre-
cipitation and soil moisture is sufficient to cause an adverse agricultural outcome such as crop failure or
significant yield loss (Wilhite & Glantz, 1985).

2 The term “Dust Bowl” is often used as a shorthand for the entire Great Plains region during the 1930s
drought, but more accurately applies only to the several dozen counties of the Southern Plains, centered
on the Oklahoma panhandle, that experienced the greatest amount of erosion (Hurt, 1981; McLeman
et al., 2014). I follow the latter usage in this study (see “Study area” section).
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death in early-old age or later (65 years and older), using a new public-use dataset
that links the 1940 full-count Decennial Census to the Social Security Death Master
File. Based on the stress-mortality pathway, I hypothesize that young men residing
in the drought-afflicted Southern Plains throughout the 1930s experienced higher
mortality after age 64 than peers who resided in agricultural regions less affected by
drought, dust storms, or soil erosion during the same decade.

Linking drought and its effects to early-old age mortality

Scant research explicitly ties 1930s drought conditions to later-life mortality. How-
ever, the links between stress, health, and mortality in other contexts have received
much theoretical, empirical, and clinical attention and I draw on some of this work
to build the case for potential life span decrease among Great Plains residents. In
particular, accelerated aging and biological age are relevant to the sustained and
repeated stresses facing these individuals. Both relate to the possibility that the acute
ecological and economic shocks at the onset of the drought evolved into chronic
stresses as the drought continued through the decade, provoking longevity-reducing
reactions inside the body. Broadly, the mechanism linking stress to mortality is the
wear and tear that occurs “under the skin”—i.e., at the cellular, molecular, vascular,
or biological system level (Hamczyk et al., 2020; Meier et al., 2019)—as the body
labors to recover from chronic biochemical stress responses (Elliott et al., 2021; Foo
et al., 2019). Biological aging characterizes cellular aging and functional decline
in response to stress (Li et al., 2013; Forrester et al., 2021). When this process
advances more rapidly than expected given the person’s chronological age, aging
is accelerated. This can happen through somatic (physiological) and psychosocial
mechanisms, with the latter as particularly important (Lantz et al., 2005; Rentscher
et al., 2020).

Among adults, psychosocial stressors are negatively associated with long-term
health (Rentscher et al., 2020; Russ et al., 2012; Schneiderman et al., 2005). Adverse
outcomes include higher risk of depression, cardiovascular disease, and autoimmune
disorders (Cohen et al., 2012). Stressors are also linked to higher mortality through
cardiovascular etiologies (Everson-Rose & Lewis, 2005; Forrester et al., 2021;
Pedersen et al., 2017). For residents of the Great Plains in the 1930s, persistent
drought, heat, and blowing soil offered no shortage of psychosocial stress. Much of
this stress originated in crop failures and associated negative consequences. Farm
foreclosure, for example, was an especially distressing event (Perkins, quoted in
Alston, 1983), as is often the case for farmers who lose their livelihoods in a drought
(Bryan et al., 2020). It was also a widely shared experience; in 1933, at the peak
of the Great Depression, more than 200,000 farms across the USA were foreclosed
(Alston, 1983), a rate exceeding one farm in twenty. During this period, other
psychosocial stresses included job loss, mounting debt, financial insecurity, property
damage, and anxiety about when the rains would return to normal (the latter made
worse by several incidents of rain sowing false hope throughout the decade) (Egan,
2006; Hurt, 1981).
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Fig. 1 Conceptual model of the etiology of premature male mortality in early-old age under prolonged
exposure to the 1930s Great Plains drought

Physiological stresses, meanwhile, are also associated with poorer long-term
health outcomes (Seiler et al., 2020; Walter et al., 2012), and these were experienced
with each dust storm that swept through the region. Inhalation of PM,, and PM, s
mineral and biological particulates in dust and soil can scar lung tissue or invade the
alveoli, causing conditions such as pneumoconiosis, sinusitis, asthma, and chronic
obstructive pulmonary disease (Manisalidis et al., 2020; Morman & Plumlee, 2013;
Schenker et al., 2009; Tong et al., 2017; Uchiyama, 2013). Metals in airborne
dust have been shown to suppress immune function (Keil et al., 2018) and cause
pulmonary damage (Nemery, 1990). At sub-acute levels, long-term exposure to
dust and particulate matter can lead to chronic lung diseases (Alexander et al., 2018;
Schenker et al., 2009), which in turn can increase mortality (Chen et al., 2019).
Through the 1930s, acute somatic injuries were observed after major dust storms
(Alexander et al., 2018), especially among the young and elderly (Burns et al., 2012),
and it is highly plausible that sub-acute responses were also widely experienced.
Moreover, a mechanical factor to wind events involving larger and heavier soil
particles likely stimulated psychosocial stress reactions distinct from those induced
by the storm after-effects described above. Aeolian saltation and sand creep regularly
buried crops, dwellings, vehicles, and machinery under mounds several feet high or
more (Hansen & Libecap, 2004; Burns et al., 2012). During a high wind, the blowing
sand was sometimes harsh enough to blind cattle and strip paint from automobiles,
making outdoor activities and travel especially unpleasant and dangerous (Egan,
2006). For many families, sealing the indoors and protecting children and belongings
from the incursion of dust and sand was next to impossible, inducing despair about
quality of life that could severely impact mental health (Burns et al., 2012).

Altogether, conditions in the Great Plains during this period were often extraor-
dinarily adverse. Figure 1 presents a conceptual model of the presumed effects
pathways to higher male mortality in early-old age based on these conditions, with
drought being the source cause of all effects. In the model, drought directly causes
mental and emotional stress among residents while dust storms precipitate chronic
somatic and psychosocial injuries. Drought and dust storms also lead to loss of
livelihood and its attendant harms, such as insolvency, unemployment, and food
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insecurity, for individuals tied to the farm economy. These latter outcomes induce
psychosocial stresses that, combined with physiological injuries, spur biological
reactions that accelerate the aging process, leading to premature death later in life.
Lack of data makes it challenging to determine which groups of residents may have
been subject to lesser or greater levels of stress, but the consistency of climate and
desertification in the Southern Plains during the 1930s (Hansen & Libecap, 2004;
Hurt, 1981; Worster, 1979), combined with the regional economy’s focus on wheat
as a cash crop (Egan, 2006), supports the presumption of a higher stress exposure
baseline for most residents in this region. This confluence of conditions, specific to
the Southern Plains, may have been uniquely injurious, even if psychosocial stresses
stemming from collapsing agricultural prices were experienced throughout the USA,
and not just in the Plains, during the 1930s.

Research design
Study area

This study takes the form of a natural experiment (Craig et al., 2017; Zarulli, 2013),
wherein Great Plains counties subject to extensive drought, soil loss, and windblown
dust constitute a treatment region affecting all persons residing within it. Although
the entirety of the Plains was subject to the drought, the Southern Plains subregion
was also heavily affected by soil erosion and dust storms (Hansen & Libecap, 2004;
Hurt, 1981). For example, a cumulative soil erosion map by Hornbeck (2012), using
survey data collected in 1934 by the Soil Conservation Service (Online Resource 1),
locates the region of moderate to high wind erosion predominantly within Nebraska,
Kansas, Oklahoma, Texas, Colorado, and New Mexico. This map is representa-
tive of conditions throughout the decade and, consequently, I use it to delineate
a geographically compact treatment region constituting 341 Southern Plains coun-
ties (Fig. 2) following a list of Great Plains counties by Gutmann et al. (2005) that
defines the region by physiography and ecology. To reduce the confounding influ-
ence of urban dwellers who may have been less vulnerable to the effects of the
drought, I exclude 36 counties home to cities with more than 30,000 residents per
the 1930 Census (see Online Resource 2 for the list of excluded counties).

Serving as the control region is a grouping of 196 Midwestern and Southern agri-
cultural counties across five states, occupying the eastern half of the Midwest corn
belt and the middle part of the historical corn and winter wheat belt centered along
the 38th parallel north (Fig. 2). This region is situated within the Ohio River Basin
(also known as the Ohio Valley), a watershed spanning seven states (ORSANCO,
n.d.). Selection of counties into the control region is informed by thematic maps
showing the boundaries of the Basin (ORSANCO, n.d.) and the agricultural regions
of the country in the 1920s per the Department of Agriculture (Baker, 1922) (Online
Resource 3). To reduce the physiographic and cultural heterogeneity of the control
region, I exclude Ohio Valley counties on the east identified as part of Appalachia
by the Appalachian Regional Commission (ARC, 2009).
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Fig.2 Study area. Wind-eroded Southern Plains counties (N=245) in six states (Colorado, Kansas,
Nebraska, New Mexico, Oklahoma, and Texas) comprise the main treatment region and are shaded in
light brown while the subset of Dust Bowl counties (n=96) is marked in red. The counties of the main
control region (n=196) in five states (Illinois, Indiana, Kentucky, Ohio, and Tennessee) are part of the
historical corn and winter wheat belts and are shaded in green. Counties within or adjacent to study area
containing cities home to more than 30,000 residents per the 1930 Decennial Census are excluded (see
Online Resource 2)

Treatment and control groups will ideally have no significant differences in unob-
served characteristics in a natural experiment. This allows the use of multivariable
regression to identify a treatment effect after controlling for observed population
traits (Craig et al., 2017). But while the Great Plains are ecologically unique, the
people who settled and farmed the Plains were as eager to profit from the land as
those who farmed the corn and wheat belts further east (Worster, 1986). Both treat-
ment and control regions were largely agricultural, focusing on cash crops that led to
widespread financial hardship for residents after the late 1920s collapse in commod-
ity prices (Long & Siu, 2018; Worster, 1979). Similarly, both regions showed similar
patterns in forced and voluntary sales of farms in the first half of the 1930s, although
the pattern was stronger in the Plains than elsewhere in the country (Alston, 1983;
Stauber & Regan, 1936). One aspect, however, that distinguishes the two regions
is the more humid continental climate of the Ohio Valley, which was less severely
impacted by the 1930s drought.’

Even so, one can look more locally for an alternate contrast group. Within the
Southern Plains was an area hit especially hard by drought, wind erosion, and dust
storms. Due to annual fluctuations in precipitation, this area, popularly known as the

3 See, for example, the monthly maps of drought conditions in the USA by the National Centers for
Environmental Information (https://www.ncdc.noaa.gov/temp-and-precip/drought/historical-palmers/
psi/193101-193912), which show Palmer drought severity index scores at the sub-state level since Janu-
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Dust Bowl, has never been precisely delineated (McLeman et al., 2014). However,
there is consensus from contemporary reports and maps about its general location
being coterminous with the Oklahoma and Texas panhandles, southwestern Kansas,
southeastern Colorado, and northeastern New Mexico (Porter & Finchum, 2009).
Cartography from the US Department of Agriculture’s Natural Resources Conserva-
tion Service (NRCS, 2012) reflects this, identifying three overlapping areas centered
on the Oklahoma panhandle as having experienced massive soil erosion at different
times during the drought (Online Resource 4). For a robustness check, I partition the
Plains treatment region into a Dust Bowl-specific alternate treatment area compris-
ing 96 counties, and each of which was at least one-half covered by one or more of
the three erosion boundaries in the NRCS map. The extent covered by these counties
is congruent with the area defined as the Dust Bowl in previous studies, e.g., Long
and Siu (2018), Lee and Gill (2015), and Porter and Finchum (2009). The remaining
245 counties, constituting an alternate control area, form an outer ring to the treat-
ment area where soil erosion was significant during the 1930s but not experienced as
intensely as in the Dust Bowl.

Data

Mortality data are drawn from CenSoc-DMF (Goldstein et al., 2021), one of two
new public-use datasets from UC Berkeley’s CenSoc Project that link records from
the 1940 Decennial Census and the Social Security Administration (SSA) at the
individual level. CenSoc-DMF specifically links persons identified on the 1940 Cen-
sus form to records in the SSA Death Master File (DMF), a database of approx-
imately 83 million SSA-reported deaths between 1975 and 2005, representing an
estimated 97% of all deaths occurring in the USA in that period.* (Records from
the 1940 Census, numbering about 132 million, are maintained in the IPUMS USA
database by the Minnesota Population Center (Ruggles et al., 2020)). In version 2.0
of CenSoc-DMF, released November 2020, approximately 7.4 million Census and
SSA records are matched on first name, last name, and birthdate using the “ABE”
automated matching method (Abramitzky et al., 2012, 2014, 2020). This approach
applies an exact matching algorithm to standardized names but allows SSA-reported
birth years up to 2 years earlier or later than Census-reported birth years to accom-
modate misreporting. A subset of matched records, for which Census and SSA birth
years match exactly, represents 4.5 million individuals. These “ABE-conservative”
records are used in this study as they are less likely to include false matches.

Footnote 3 (continued)

ary 1900. From early 1933 until the end of the drought, areas east of the Mississippi River and within
the Ohio Valley (encompassing the control region) were not as severely and/or consistently affected by
drought as areas in the Southern Plains.

* To be included in the SSA DMF, a person must have obtained a Social Security number (SSN) prior
to death. The Social Security Act of 1935, signed into law by President Franklin Roosevelt in response
to the Great Depression (and motivated in part by the plight of Dust Bowl farmers and unemployed),
authorized the issuance of SSNs to individuals to track the distribution of unemployment insurance and
social welfare benefits.
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Because linkage to SSA records by name is more accurate for men than for women
due to the high rate of female surname change upon marriage, current versions of
CenSoc-DMF only consist of male decedents.’

The DMF window of observed deaths spans 31 years, from 1975 to 2005, with
high coverage of deaths for males born from the 1900s to the 1920s. Decedents are
left-truncated at 65 years of age, which coincides with the conventional starting age
for longevity studies among older adults (e.g., Stoeldraijer et al., 2013; UN Popu-
lation Division, 2013; Zuo et al., 2018). I focus on the 1909-1915 birth cohorts,
encompassing a 7-year span of birth years containing the cohort (1910) that reached
age 65 at the start of the observation window. I also impose an upper bound of 90
for age at death for this pooled sample, allowing counts of decedents from each birth
cohort to span the same age range within the observation window, thus ensuring
all cohorts are equally represented in terms of age at death. This right-truncation
excludes 4.6% of observed cases, all of them representing men in the sample who
died between ages 91 and 100.

Treatment intensity

As discussed above, the Southern Plains and the Ohio Valley represent the treat-
ment and control areas, respectively, of a large-scale natural experiment where
severe drought served as a treatment effect. At a smaller scale, the Dust Bowl coun-
ties form a distinct treatment area of extreme hardship within the Southern Plains.
Even though almost all Plains counties were broadly similar on climate, ecology,
mismanagement of cropland, and rampant pre-Depression speculation on agricul-
tural commodities (Egan, 2006; Hornbeck, 2012; Worster, 1979, 1986)—attributes
that collided in the early decades of the twentieth century to create a systemic risk
for catastrophic environmental and economic failure (Hornbeck, 2012)—the arrival
of drought in the early 1930s soon distinguished the Dust Bowl region from the rest
of the Southern Plains by the fact that crop loss, soil erosion, and blowing dust were
experienced more intensely in the Dust Bowl than elsewhere.®

This intensity becomes relevant when considering that the drought lasted nearly
a decade. Dosage becomes a concern, as individuals who left the Dust Bowl before
the end of the drought received less treatment than those who stayed. Between 1930
and 1940, migration flows across the entire Great Plains region resulted in a net loss
of approximately 669,000 people or 12% of the population in 1930 (Gutmann et al.,
2005). Counties in the Dust Bowl contributed a greater share of out-migrants than
elsewhere on the Plains (Hornbeck, 2012; Long & Siu, 2018); indeed, between the

5 A sibling datafile known as CenSoc-Numident (Goldstein et al., 2021) contains approximately 7.9 mil-
lion records for male and female decedents at a sex ratio of approximately 1.29, but observed deaths
begin in 1988 rather than 1975 as in CenSoc-DMF. For this study, the larger sample size and wider win-
dow of observed deaths in CenSoc-DMF was an advantage in capturing a wider age-at-death range for
each birth cohort of interest.

5 Worster (1979), Hurt (1981), and Egan (2006) provide comprehensive overviews for why the Dust
Bowl was struck especially hard during the drought.
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1920s and 1930s, out-migration rates remained high in these counties while falling
in the rest of the country (Long & Siu, 2018). In the context of unrelenting drought
and economic depression, Dust Bowl out-migration may have been a reasonable
response for many men and their families, but it also calls attention to the role of
place attachment or rootedness for those who did not migrate. Hostile environmen-
tal conditions and economic shocks are decisive push factors for migration (Black
et al., 2015; Boustan et al., 2010), yet three-quarters of Dust Bowl residents stayed
in place through the entire drought (Burns et al., 2012). As most individuals in the
Dust Bowl had been born and raised in the area or elsewhere in the Plains (Hudson,
1986), rootedness may have dissuaded families from relocating, even in the face of
an unprecedented socio-natural disaster. Whether drought migrants were positively
selected for departure or non-migrants were negatively selected, place attachment
carries potential implications for male longevity. To explore this idea, subsets of the
treatment groups are designated by their degree of rootedness, as discussed next.

Treatment and control groups

Assignment of individuals to the treatment and control groups or their subsets is
based on state and county of residence on April 1, 1940, state and county of res-
idence in 1935, and state or place of birth. These attributes are derived or taken
directly from the 1940 full-count Census via the [PUMS USA database (Ruggles
et al., 2020). Men are assigned to the main treatment group (n=24,498) if they were
born between 1909 and 1915 and resided in a household per Census Bureau defini-
tions in any of 341 treatment counties in both 1935 and 1940. Main control group
members (n=19,152) are designated in the same manner for any of 196 Ohio Valley
counties. In neither of these main groups are members encumbered by restrictions
on within-region migration between 1935 and 1940; such constraints are instead
used to subset the sample according to a three-step gradient of place attachment.
The first subset differs from the full sample by restricting birthplace to states wholly
or partially within the study area. For the treatment group, that means any of six
Southern Plains states (Colorado, Kansas, Nebraska, New Mexico, Oklahoma, and
Texas). For the control group, it means any of five Ohio Valley states (Illinois, Indi-
ana, Kentucky, Ohio, and Tennessee). The second subset further restricts each sam-
ple to men who were living in the same county in 1940 as in 1935, while the third
subset limits the sample yet further to men who lived in the same house in 1940 as
in 1935. Each subset, representing a higher degree of rootedness, is smaller than the
preceding one (see Table 1).

The same assignment process is used to identify the alternate treatment and con-
trol groups of the robustness check, only applied more locally. Men in the treatment
group (n=>5056) are so assigned if they resided in any of the 96 Dust Bowl counties
in 1935 and 1940, though not necessarily the same one, while men in the control
group (n=20,011) must have resided in any of the study area’s 245 Southern Plains
counties outside the Dust Bowl in those same years. Together, these treatment and
control groups cover the same counties as found in the main treatment area. The
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Table 1 Composition of the analytic sample

Group Description Counties n
Southern Plains residents* Main treatment group® 341 24,498
Subset 1: Born in Southern Plains state® Rootedness =high 21,923
Subset 2: +same county in 1935 and 1940 Rootedness = higher 18,436
Subset 3: 4+ same house in 1935 and 1940 Rootedness =highest 6,175
Ohio Valley residents Main control group® 196 19,152
Subset 1: Born in Ohio Valley state® Rootedness =high 18,453
Subset 2: +same county in 1935 and 1940 Rootedness =higher 16,890
Subset 3: +same house in 1935 and 1940 Rootedness = highest 5,964
Dust Bowl residents Alternate treatment group® 96 5,056
Stayers Received full treatment® 3,746
Subset 1: Born in Dust Bowl state” Rootedness =high 3,296
Subset 2: +same county in 1935 and 1940  Rootedness =higher 2,873
Subset 3: 4+ same house in 1935 and 1940 Rootedness = highest 954
Leavers? Received less than full treatment ... 1,310
Southern Plains residents, excl. Dust Bowl  Alternate control group® 245 20,011

Sample counts are derived from CenSoc-DMF linked to IPUMS USA full-count 1940 Census. Samples
consist of men born between 1909 and 1915 and residing in Census-defined households in 1940. All per-
son-records are matched under the ABE-conservative algorithm (see “Data” section). Alternate treatment
and control groups are drawn from the same universe of counties comprising the main treatment group

“Baseline group consists of all eligible men residing in eligible counties in 1935 and 1940 regardless of
birth state or birth country. Subsets 1-3 refine the baseline group according to cumulative criteria. Due to
high overlap, subsets for the alternate treatment and control groups are not shown

YFor this study, Southern Plains states are Colorado, Kansas, Nebraska, New Mexico, Oklahoma, and
Texas. The list of Dust Bowl states excludes Nebraska

‘For this study, Ohio Valley states are Illinois, Indiana, Kentucky, Ohio, and Tennessee
9To preserve sample size, subsets of leavers are not identified

*The number of Southern Plains residents in the main treatment group is less than the sum of Dust Bowl
residents and Southern Plains residents in the alternate treatment group owing to a small number of Dust
Bowl leavers who out-migrated to states beyond the Great Plains region

same three-step place attachment gradient is also used to identify subsets of these
groups, which also decrease in size with increasing rootedness, as shown in Table 1.

There is, however, an additional grouping element unique to the alternate experi-
ment. To help account for potential confounding caused by Dust Bowl out-migra-
tion, I differentiate stayers and leavers within the Dust Bowl treatment group. Men
who resided in a Dust Bowl county in 1935 and 1940 are denoted as stayers, while
men residing in a non-Dust Bowl county (inside or outside the Southern Plains) in
1940 are denoted as leavers. It is important to note that leavers received considerable
exposure to drought; even if they left the region as early as the second half of 1935,
they would have still experienced numerous dust storms (including the notorious
“Black Sunday” storm of April 14 that gave rise to the term “Dust Bowl”) and the
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loss of their agricultural livelihoods during the first few years of the drought.” For
simplicity and to address concerns about small cell sizes, the place attachment gra-
dient is applied only to stayers, as even the full sample of leavers is small relative to
the sample size of stayers.

Methods

I adapt the example of Arthi (2018) in using ordinary least squares (OLS) regression
with fixed effects and sample weights to estimate mean age at death as a function of indi-
vidual and place-based attributes.® Although Gaussian linear regression is inappropriate
for modeling life expectancy from complete life tables because human age at death is
negatively skewed (Moser et al., 2015), this caveat is less applicable to mortality distri-
butions after age 60, which tend toward Gaussian when conditioned on surviving to the
modal age at death (Kannisto, 2001; Robertson & Allison, 2012). In the present study,
the imposition of fixed age-at-death truncation values on each birth cohort results in a
mean age at death of 77.6 (SD="7.04), not far from the modal age at death of 80 years.

I run four groups of regressions—the main experiment and three alternate experi-
ments as a robustness check—in a manner resembling a fractional factorial design.
Each group includes a regression run on the full sample (baseline) and each step
of the place attachment gradient. For each instantiation, the form of the model is
the same. Let Y, represent the DMF-reported age at death (in years) for individual
i born in state s in year b, let 8, represents a dichotomous treatment effect and X
represents a vector of potentially confounding covariates with values obtained on
Census Day (April 1) 1940, and let 6 and y represent fixed effects for birth state and
birth year, respectively. We may then estimate an equation of the specification:

Y, = Bo + Bil(treated = 1) + X, + 0, + v}, + €,

where X contains continuous variables for years of education and size of place
(town, village, etc.), a factor variable for the number of family members residing
with the respondent, and indicator variables for farm household status, housing ten-
ure, marital status, race, farming occupation, and urban status, and € is the error
term. The model also includes an interaction between farm household status and
farming occupation to identify nonlinear effects of prolonged drought for a key seg-
ment of the population. Birth year and birth state fixed effects are included to help
control for important sources of unobserved heterogeneity (Arthi, 2018) and, in the
former case, to control for the different left and right ages of truncation for each
birth cohort. All work was done in R 4.1.1.

Table 2 describes and summarizes selected covariates for different groups within
the analytic sample of observed decedents. Southern Plainsmen as a main treatment

7 Data are insufficient to know precisely when Dust Bowl leavers migrated between 1935 and 1940,
although evidence suggests that the cataclysmic size and intensity of the Black Sunday storm may have
been a turning point for many tentative leavers (Burns et al., 2012).
8 The CenSoc-DMF dataset contains a vector of post-stratification weights for all ABE-conservative
linked records intended to reconfigure the sample to the Human Mortality Database (www.mortality.org)
on age at death and other variables (see Goldstein & Breen, 2020).
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Table2 Selected summary characteristics of the analytic sample, by group

Group® Education®  Married® Farm HH®  Owner?  Fam. size®
Southern Plains residents 4.1 (2.4) 0.717 0.520 0.664 3.7(1.7)
Ohio Valley residents 4.0(2.3) 0.724 0.447 0.583 3.9 (1.8)
Dust Bowl residents 44 (2.4) 0.726 0.476 0.638 3.7 (1.8)
Stayers 4.4(2.3) 0.720 0.489 0.623 3.7 (1.8)
Leavers 4.9 (2.6) 0.762 0.218 0.783 3.2(1.8)
Southern Plains residents (non-DB) 4.1 2.4) 0.712 0.534 0.668 3.7(1.7)

IPUMS USA 1940 Census 100% sample. All values are sample-weighted means or proportions at the
county level

#Number of years of schooling completed (standard deviation in parentheses)
Proportion of men who are married, whether living with spouse or living apart
“Proportion of men residing in a farm household

4Proportion of men who own their home or have a mortgage on their home

*Number of family members living in same house (standard deviation in parentheses)

group were largely comparable to their Ohio Valley counterparts in marriage rate,
family size, and years of completed schooling in 1940, although they were also
somewhat more likely to have lived on a farm and owned the house in which they
lived. Meanwhile, the Dust Bowl residents among these Plainsmen were slightly
more educated than their non-Dust Bowl counterparts and a little less likely to have
lived on a farm or owned a home. It is worth noting that the leaver subset of Dust
Bowl residents showed distinctly higher levels of education, marriage, and home-
ownership relative to all other groups, as well as a considerably lower propensity to
live on a farm.

One concern with linear regression on truncated data is the potential for down-
wardly biased coefficients, i.e., effect sizes that tend toward zero. This may occur
if sample truncation reduces the observed variation and, consequently, reduces the
average differences between groups within the sample (Goldstein & Breen, 2020;
Greene, 2005). As a robustness check, I use maximum likelihood estimation (MLE)
to identify the parameter estimates of the treatment effect and all covariates, on the
assumption that the truncated age-at-death data follow a Gompertzian distribution.’
These estimates are used to evaluate the congruity of each effect on average age at
death between the OLS and truncated MLE approaches. Information on the MLE
implementation used in this paper, newly developed for CenSoc data, is presented in
Online Resource 5.

° The Gompertz distribution is an exponential distribution commonly used to model human age at death
and whose exponential function represents the age-dependent rise in a population’s death rate. In devel-
oped countries, the distribution is a largely accurate model of population-scale human mortality from
around age 30 to around age 85 (Easton & Hirsch, 2008).
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Table 3 OLS regression results for main and alternate experiments

Experiment

Main* (N=43,650)

By=76.57 (0.23)

Alternate® (n=25,067)

Boy=77.07 (0.23)

Treatment
In treatment region in 1935 and 1940
Covariates

Years of education

0.52%%% (0.14)

0.22%%* (0.01)

0.12 (0.12)

0.18%%%* (0.02)

Not married —0.26%* (0.08) —0.18 (0.11)
Dwelling being rented —0.25%* (0.07) —0.18+ (0.10)
Lived on a farm 0.18 (0.13) 0.19 (0.18)
Farming-related occupation —0.11 (0.19) —0.13 (0.25)
Interaction: lived on farm X farm occup 0.69*** (0.23) 0.80** (0.30)
Lived with additional family members —0.05%* (0.02) —0.06* (0.03)
Race (non-White) —0.38+ (0.23) —0.66* (0.32)
Size of place of residence® —0.06** (0.02) —0.01 (0.01)
Fixed effects
Birth year Yes Yes
Birth state Yes Yes

Residual standard error 17.53 (df=43,627)

F(22,43,627)=19.83, ***

17.6 (df=25,044)

F—statistic F(22,25,044)=8.53, ***

CenSoc-DMF, IPUMS USA 1940 Census 100% sample
Analytic sample born 1909-1915. Men only. Standard errors shown in parentheses

“Main experiment: treatment group comprises men residing in 341 Southern Plains counties in 1935 and
1940; control group consists of men residing in 215 Ohio Valley counties in 1935 and 1940

®Alternate experiment: treatment group comprises men residing in 96 Dust Bowl counties in 1940 and/
or 1935; control group consists of men residing in 245 non-Dust Bowl Southern Plains counties in 1935
and 1940

Size of place follows the IPUMS USA coding scheme at https://usa.ipums.org/usa-action/variables/
SIZEPL#codes_section

#xp < 0.001; #4p < 0.01; %p <0.05;+p <0.1

Results

OLS regression results for the main experiment, where the treatment group is
all Southern Plainsmen, and the first alternate experiment, where the treatment
group is all Dust Bowl residents, are presented in the left half of Table 3. As
a reminder, effects apply to men with Social Security numbers who were aged
at least 65 years and not more than 90 years at the time of death. The positive
treatment coefficient for the main experiment (f;=0.52, p<0.001) suggests
that prolonged exposure to the drought and its effects was strongly linked with a
higher mean age at death, which is opposite of the hypothesized outcome. Men
residing in the Ohio Valley control region through the 1930s lived an average of
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76.6 years, all else equal and without considering covariates, while their coun-
terparts residing in the drought-stricken Southern Plains lived half a year longer.
This outcome was not observed in the alternate experiment, which showed no
statistically significant difference in mean age at death (f, = 77.1) between treat-
ment and control.

Regarding covariates, the two experiments produced a similar pattern of effect
size and direction, although there were fewer statistically significant effects in the
alternate. In the main experiment, each additional year of education increased the
average age at death for observed men in the Southern Plains or Ohio Valley by
one-fifth of a year (f,,,.=0.22, p <0.001), while reducing it by 3 months among
men who were not currently married or were renting their home in 1940. Residing
with two or more additional family members and residence in a nonrural commu-
nity were negatively associated with male longevity. Nonwhiteness, although only
marginal in effect, carried a life expectancy penalty of four-and-a-half months
(Brace=0.38, p<0.1). But perhaps the key finding was the seemingly protective
effect of farming; men who lived and worked on farms in 1940 lived 8 months
longer than nonfarmers, all else equal (fjived on farm x farm occup = 0-69, p <0.001).
This result conflicts with the expectation underpinning the stated hypothesis, as
farmers and farm laborers are conceptually described in the “Linking drought and
its effects to early-old age mortality” section as a population subset especially
vulnerable to the detriments of the drought.

Despite showing no meaningful treatment effect, the alternate model in Table 3
is notable for the persistence of significance in effects for education, farming life
(indicated by the farm interaction term), family size, and race across itself and the
main experiment despite the contrast in the former being between two fundamen-
tally similar groups from within the same Plains region. Taken one step further,
when Dust Bowl men are disaggregated as stayers and leavers and contrasted with
non-Dust Bowl Plainsmen (Table 4), education and farming life remain the only
covariates with a statistically significant effect on longevity in all experiments.
Results from the truncated MLE robustness check (see Online Resource 5) dem-
onstrate very limited bias in the OLS estimators from any of the four experiments.

Treatment effects in the four experiments in Tables 3 and 4 are not conditioned
on place attachment. To clarify intergroup differences for different levels of root-
edness within each experiment, Fig. 3 shows OLS treatment effects across the
place attachment gradient ordered on the x-axis by degree of rootedness. For the
main experiment (Southern Plainsmen vs. Ohio Valley control group), increas-
ing levels of place attachment do not substantially change the positive treatment
effect on longevity, although the most rooted treatment group, whose members
lived in the same house in 1940 as in 1935, may be slightly less advantaged.

The treatment effect pattern across the gradient is largely repeated for the three
alternate experiments, except for the experiment contrasting Dust Bowl leavers
with non-Dust Bowl Plainsmen. The overall Plainsmen advantage in old-age lon-
gevity relative to counterparts in the Ohio Valley appears driven by a two-tiered
longevity regime inside the Southern Plains, which favored males who stayed in
the drought-ravaged region through the entire decade.
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Table 4 OLS regression results for alternate experiments involving Dust Bowl stayers and leavers

Alternate experiments

Stayers® (n=23,757)
By=T7.14 (0.25)

Leavers® (n=21,321)
Bo=77.08 (0.25)

Treatment
[See footnotes a and b]
Covariates
Years of education
Not married
Dwelling being rented
Lived on a farm
Farming-related occupation
Interaction: lived on farm X farm occup
Lived with additional family members
Race (non-White)
Size of place of residence ©
Fixed effects
Birth year
Birth state
Residual standard error

F—statistic

0.17 (0.13)

0.17%+% (0.02)
—0.21+ (0.11)
—0.16 (0.10)
0.21 (0.19)
—0.12 (0.26)
0.76* (0.32)
—0.05+ (0.03)
—0.73* (0.32)
—0.02 (0.03)

Yes

Yes

17.6 (df=23,734)
F(22,23,734)=8.39, ***

—0.06 (0.22)

0.19%%* (0.02)
—0.19 (0.12)
—0.18 (0.11)
0.16 (0.19)
—0.21 (0.27)
0.94%* (0.33)
—0.06 + (0.03)
—0.61+ (0.32)
0.01 (0.01)

Yes

Yes

17.56 (df=21,298)
F(22,21,298)=8.18, **%*

CenSoc-DMF, IPUMS USA 1940 Census 100% sample

Analytic sample born 1909-1915. Men only. Standard errors shown in parentheses

Stayers (treatment group) comprise men residing in 96 Dust Bowl counties in 1935 and 1940; control
group consists of men in 245 non-Dust Bowl Southern Plains counties in 1935 and 1940

®Leavers consist of men who resided in Dust Bowl counties in 1935 but not in 1940: see above for con-
trol group

‘Size of place follows the IPUMS USA coding scheme at https://usa.ipums.org/usa-action/variables/
SIZEPL#codes_section

#kp <0.0015%%p <0.01; *p<0.05;+p<0.1

Discussion

By all accounts, the Great Plains drought of the 1930s was an exceptionally diffi-
cult period; a time of economic depression, increasing privation, and compound-
ing hardships for those who lived through it. However, in refuting the hypoth-
esized negative association between drought exposure and mortality in early
old age, the results of the main experiment suggest that even a disaster of the
scale of the 1930s drought was not enough to subdue the men who stayed and
waited for the rains to return. Undoubtedly, the residents of the Southern Plains
in the 1930s were uncommonly resilient and stoic; known as “next year” peo-
ple, they held out unyielding hope for a return to normal weather patterns (Hurt,
1981; Worster, 1979) and by the end of the decade were finally rewarded for their
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Fig.3 Treatment effects for the main and alternate experiments in Tables 3 and 4, disaggregated by
degree of rootedness to the Dust Bowl treatment area. Subsets in a group increase in their theorized level
of place attachment from left to right: (1) baseline; (2) born in a local state; (3) born in a local state and
lived in same county in 1935 and 1940; (4) born in a local state and lived in same house in 1935 and
1940. See “Treatment and control groups” section for details. In all experiments, treatment and control
groups are conditioned identically from one gradient step to the next, except for the leavers treatment
group, which has no conditioned states

patience. Dispositional optimism can act as a psychological buffer against dis-
aster (Gero et al., 2021; Nes & Segerstrom, 2006), and there is a growing body
of work to suggest that drought and dust exposure may have few or no meaning-
fully adverse impacts on health or mortality (e.g., Cutler et al., 2007; Lynch et al.,
2020; Menéndez et al., 2017). But the results of this study go as far as to suggest
that prolonged drought-related hardships are somehow associated with a longer
average life span, all else equal, which strains credibility and prompts the consid-
eration of alternate explanations. Two are described below.

One possibility is that the outcomes presented in this paper may be biased by data
constraints. The main concern here is selection bias when defining the analytic sam-
ple and the treatment and control groups within it (Elwert & Winship, 2014). The
lower bounding of male deaths at age 65, for example, is a constraint that excludes
from the analysis any biologically accelerated deaths occurring in midlife instead of
early-old age. Truncation makes it impossible to know how many such deaths were
unobserved, but if midlife mortality was more prevalent among Southern Plainsmen
than among men in the Ohio Valley control group, we could expect a larger propor-
tion of less-frail Plainsmen to reach age 65 (Costa, 2012; Zarulli, 2016). If sufficient
data become available in the future to identify midlife deaths in the same proportion
as CenSoc-DMF for ages 65 and above, it may behoove to repeat the study. Note
that MLE, not linear regression, would be the appropriate modeling approach for
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deaths observed in middle age (around age 40) and older, as the distribution would
now be distinctly exponential.

Another possible explanation for the longevity advantage among Plainsmen
involves unobserved push/pull migration factors for men who left the Southern
Plains and unobserved effects from the New Deal for those who stayed. Leaving
the region may have been easier for some men; recall in Table 2 that Dust Bowl
leavers had more education and smaller families than stayers. For these men, and
all else equal, their departure might be seen as broadly consistent with conventional
economic migration theory, which holds that migrants tend to be favorably self-
selected for relocation to places with more opportunities (Borjas, 1987; Chiswick,
1999; Gabriel & Schmitz, 1995; Hamilton, 2014). Such migrants may be expected
to live longer, too, to the extent that the attributes of self-selected out-migrants
were gainfully leveraged later in the life course.'” The persistently negative pattern
of treatment effects for Dust Bowl leavers, however, is inconsistent with the notion
of relatively advantaged out-migrants and may require a different interpretation of
observed traits. For example, leavers being less than half as likely as stayers to live
in a farming household in 1940 (Table 2) suggest that it may not have been the case
that leavers succeeded in establishing new livelihoods in nonfarming trades as much
as they were unsuccessful in re-establishing their farming livelihoods out-of-state.
Such an outcome would likely be a source of stress that could continue to acceler-
ate biological aging. Moreover, the longevity advantage for stayers might have been
partly attributable to the effects of various programs to aid struggling farmers (unob-
served in this analysis) implemented as part of President Roosevelt’s New Deal,
which made available to the young men of the Southern Plains several paths toward
gainful employment and the salutary benefits that accompany it.!!

Ultimately, while the results of this study do not support the expectation of a
drought-specific adverse influence on longevity, the potential explanations described
above do not deny a role for the accelerated aging hypothesis. Anecdotal evidence
speaks of Dust Bowl survivors looking years older than their chronological ages
would imply (Egan, 2006); of being worn out and frailer after years of drought and
hardship, with ordinary tasks taking more effort than they used to (Burns et al.,
2012). Drought, dust, and loss undeniably took a toll, and it seems more plausible
that data constraints and migration selection concentrated a larger proportion of
physiologically robust men in the Southern Plains than surviving the drought length-
ened a person’s life.

10 Dust Bowl historians such as Hurt (1981) and Worster (1979) have stated that the popular notion of
out-migrating Plainsmen and their families as destitute victims of drought is an inaccurate representation
of the migration decision for thousands of farming families. Moving, especially when it involved long
distances, was a challenging endeavor that required access to a vehicle and money to pay for fuel and
tires—assets that were usually obtained by selling land or possessions. From this perspective, leavers
were certainly more advantaged than stayers who would have left if they had had the resources to do so.
' New Deal agencies and bodies such as the Farm Security Administration, Soil Conservation Service,
and Civilian Conservation Corps provided a range of opportunities to employ idled workers and restore
the agricultural viability of the Great Plains.
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Looking ahead, there are several opportunities to advance this line of inquiry.
In addition to investigating longevity outcomes in light of the explanations above,
place attachment remains a potentially informative variable. Many individuals and
families choose to stay in place even when environmental conditions and long-term
change suggest they should move (Adams, 2016). That three-quarters of Dust Bowl
residents decided to stay in the Southern Plains despite nearly a decade of agricul-
tural ruin and imposed financial destitution speaks forcefully to the attachment or
rootedness stayers had for their farms and communities. Note that place attachment
is not always positive—a person may feel trapped by obligations to family, employer,
or lender, unable to move away even if he or she wanted to (Adams, 2016). But there
is reason to expect that the attachment people felt for the Southern Plains was funda-
mentally positive, given that voluntary out-migration was often seen as the solution
of last resort (Burns et al., 2012). The role of place attachment, of the reluctance
to leave a place that has always been home, may be essential to understanding how
stayers differed from leavers and how the mortality for both groups varied because
of it.

Future work may address other limitations of the present study. For example,
drought exposure effects on women’s mortality risk may vary relative to men’s risk
owing to gendered differences in physiological response to chronic stress (Ferraro
& Nuriddin, 2006; Mayor, 2015; Nielsen et al., 2008). Although the examination
of women’s outcomes using name-matched longitudinal linked data is hindered by
marriage-based surname changes (Asher et al., 2020), such efforts are necessary to
properly evaluate disparities in outcomes for the other half of the population in the
wake of a large-scale environmental and agricultural disaster. Samples of sufficient
size could potentially be constructed if appropriate additional data were available in
the future. On a related note, case selection on attributes other than sex may have
possible confounding effects—for example, CenSoc data reflects the large majority
of the US population born in the first two decades of the twentieth century only to
the extent that Social Security numbers (SSNs) were assigned to all US adults after
the Social Security Act was signed into law in August 1935. Fortunately, the use of
SSNss to track the employment of US workers for the purpose of determining federal
benefits suggests the proportion of adults likely to avoid obtaining an SSN prior to
retirement is small. This, coupled with the intensive and national enumeration effort
during the 1940 Census, reduces the risk that CenSoc-DMF is systematically biased.
Nonetheless, if certain persons, such as undocumented immigrant workers or the
precariously employed, were less able, willing, or likely to obtain SSNs before they
died, these individuals would be underrepresented.

Other limitations are more conceptual than methodological. For example, the biological
and stress-health pathways linking drought to mortality are unclear (Berman et al., 2017,
Bryan et al., 2020), which has implications for the conceptual model (Fig. 1) presented in
this study.'? Resolving this may be a challenge; due to a lack of relevant data, studies tracing

12 One implication involves whether the presumed biological pathways to mortality are plausible,
considering that data are unavailable regarding the physiological/biological responses that may have
occurred between intervention and death within the treated groups.
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early-life pollution exposure to long-term outcomes are in short supply (Currie et al., 2014),
while the dearth of contemporaneous attempts to track illness onset following dust storm
events (Morman & Plumlee, 2013) complicate the effort to develop an empirical drought-
mortality model for historical events. Nevertheless, the results presented here shed new
light on the complexities of population-level resilience and rootedness and warrant further
research into the long-term outcomes of the unique disaster that was the 1930s drought.
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