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Abstract

Prior work has highlighted increases in life expectancy in the United

States during the Great Depression. This contradicts the tenet that

life expectancy is positively correlated with human welfare, but it co-

heres with recent literature on mortality and recessions. We construct

Lee-Carter interval estimates of life expectancy during the Great De-

pression, based on trends before 1929. In this analysis, all-race life

expectancy did not grow unusually during the Great Depression. How-

ever, nonwhites did see greater-than-expected increases in life expect-

ancy in 1930–33. We discuss a potential explanation for the racial dif-

ference: an abatement during the Great Depression of the Great Mi-

gration of blacks out of the South. We conclude by urging scholars of

mortality during this time period to focus on race whenever the data

permit it.

Introduction

During the Great Depression (1930–33), both infant and non-infant death

rates declined in the United States (Fishback et al., 2007), and life expectancy

increased (Tapia Granados and Diez Roux, 2009). This occurred despite

drops in the gross domestic product (GDP) and a rising unemployment rate.

Given that life expectancy is often regarded as a proxy for social conditions

(f.e., Lieberson, 1980; Ewbank, 1987), this is surprising. What is more, it
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contradicts prior research (albeit for cause-specific mortality), which found

a countercyclical relationship between the economy and heart disease death

rates during this time period (Brenner, 1971). However, there is increasing

evidence for procyclical relation between mortality and the economy (f.e.,

Ruhm 2000; Angelini and Mierau 2014; Haaland and Telle 2015; Ruhm 2015;

Sameem and Sylwester 2017; Tapia Granados and Ionides 2017; van den

Berg et al. 2017). Our goal is to refine our understanding of mortality change

specifically during the Great Depression, the largest recession in the United

States since 1900.

Scholars have advanced several explanations for gains in life expectancy

during economic downturns such as the Great Depression. First, the “in-

come effect” explanation assumes that a fall in family income reduces con-

sumption of health-damaging goods (f.e., alcohol, Khan et al. 2002). Sec-

ond, the “hazards” explanation predicts, following elevated unemployment,

fewer traffic-related and work-related accidents as well as reduced exposure

to work-related hazards (Gerdtham and Ruhm, 2006). Third, workers who

remain employed during recessions may, out of fear of imminent job loss,

reduce behaviors (f.e., alcohol consumption) that place them at risk of ap-

pearing deviant or delinquent (Catalano et al., 2002). Fourth, working-age

adults who lose jobs may shift their time use to health-promoting activi-

ties for themselves and their family (f.e., exercise, parenting, caregiving for

elderly parents, Ruhm 2007). Whereas the “ hazards” explanation enjoys

the most empirical support in contemporary societies (Gerdtham and Ruhm,

2006), the lack of historical data on health behaviors in the 1920s and 1930s

makes it challenging to assess the relevance of these explanations to the

Great Depression case.

Increasing life expectancy is the hallmark of mortality in the twentieth

century (Oeppen and Vaupel, 2002; Vallin and Meslé, 2009; Canudas-Romo,

2010). Were increases in life expectancy, 1930–33, unusual relative to prior

trends, or can they be regarded as a continuation of them? Taking a coun-

terfactual approach, we project (with uncertainty) life expectancy, 1930–40,

based on data from 1900–29, using the Lee-Carter model. We then compare

the resulting projection interval to observed life expectancy in the United

States. We also disaggregate by sex and race (white/nonwhite) and — be-

cause of idiosyncratic compositional changes in the United States death reg-

istration area, 1900–33 — we replicate the analysis using a balanced panel

of states. To the best of our knowledge, the present work is the first to use

the Lee-Carter approach for this type of historical counterfactual.

The contribution of this study to the literature on mortality response

to social change, is that it better places rises in life expectancy during the
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Great Depression in their statistical context, taking into account prior trends.

Overall, we find that while all-race life expectancy rose during the Great De-

pression, the pattern cannot be regarded as unusual relative to the 1900–29

trend. For nonwhites, the increases in life expectancy, 1930–33, were greater

(consistent with the point estimates of Tapia Granados and Diez Roux 2009),

and exceed the projection interval based on the 1900–29 trend. In our an-

alytic framework, we interpret this as a significant increase in nonwhite

life expectancy during the Great Depression, although this is not statisti-

cal significance in a strict sense. We also consider that the Great Migration

may have shifted the geography of the nonwhite population in ways that

affected mortality. Our descriptive demographic analysis raises this hypoth-

esis (migration), and therefore cannot simultaneously test it. We strongly

recommend that scholars working on mortality during the Great Depression

should stratify their analyses by race whenever the data permit it.

Data and methods

Before describing our analytic approach in greater detail, we give a tempo-

ral definition of the Great Depression. Assigning a precise start date is a

challenge (Eichengreen, 2004). We use calendar-year mortality data, so we

require only calendar-year precision in dating the Great Depression. Figure 1

presents two key economic indicators, the unemployment rate and inflation-

adjusted gross domestic product per capita, using data from Carter et al.

(2006). The unemployment rate rose dramatically in 1930 relative to 1929,

and peaked in 1932 (on the difficulties of measuring unemployment during

this period, cf. Darby 1976 and Wallis 1989). In 1933, unemployment was

still high but was declining, and by 1934 had steeply declined. Per-capita

GDP reached a then-historic high in 1929 and tumbled in 1930–33; in 1934

it started to rebound. The last “normal” year, so to say, is 1929, while the re-

covery starts in 1933. We define the Great Depression as 1930–33, inclusive.

We use national data on mortality rates by age and sex for the United

States, 1900–40 (U.S. Department of Health, Education, and Welfare, 1956).

These data are the longest series of pre-Great Depression mortality data

available. Appendix I (p.19) gives some descriptive statistics and time se-

ries plots of the input data. United States’ mortality is racially imprinted

(Preston et al., 2003), so it is logical to perform sub-analyses by race. We an-

alyze data for the total population, as well as for whites and nonwhites sep-

arately; the data do not have more granular information on racial categories,

but nonwhite in this period was predominantly black or African-American
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Figure 1: Socioeconomic statistics, United States, 1900–40. Unemployment rate

(left y-axis), solid line. Per capita GDP (right y-axis), inflation-adjusted to 1996,

dashed line.

(Lerner, 1975). All analyses are done separately by sex. For 1900–32, the

data are for the Death Registration Area (DRA), a subset of the country (see

Hetzel 1997, pp.43–66). To test whether compositional changes in the DRA

affect our results, we replicated the analysis using a balanced panel (the

death registration states of 1910, using data from Linder and Grove, 1943,

table 8). The balanced panel analysis is in Appendix II (p.25).

We used a Lee-Carter model (Lee and Carter, 1992) to calculate a range

of plausible life expectancies during the 1930s, based only on information

from before 1930. Since their development twenty-five years ago, Lee-Carter

models have enjoyed wide use in demography (Shang et al., 2011; Shang,

2016). Lee-Carter has two parts, estimation and projection. Using data from

1900–29, we fit the Lee-Carter a values from the data means, and the b and

k parameters using singular value decomposition (Lee, 1992). We then used

these estimates to project mortality for 1930 through 1940. The knot year

is 1929; using the method recommended by Lee (2000), the projection is

constrained to equal the data (see also Bell, 1997).

The Lee-Carter technique is typically used for forecasting (Lee, 2000), so

it is worth further describing our application of Lee-Carter to historical data.

We ask whether the increase in life expectancy, 1930–33, was unusual rela-
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tive to contemporary trends and variations. In short, we use data from before

1930 to construct a counterfactual near-term (10-year) projection. This pro-

vides an estimate of life expectancy in the 1930s based only on information

from before the 1930s. Given that this series exhibits autocorrelation, the

Lee-Carter approach is more appropriate than a polynomial extrapolation of

the 1900–29 life expectancy trend. An alternate approach would be ARIMA

models, but these require at least 50 observations (years, in this context) to

perform well (Box et al., 2008), so are not suited to the current problem,

in which data begin in 1900. The Lee-Carter approach provides a projec-

tion interval (not a statistical confidence interval). The null hypothesis is

that life expectancy during the Great Depression was not different from the

twentieth century juggernaut of life expectancy up to 1929. Where the em-

pirical data lie inside the projection interval, we fail to reject this null. This

is not the same as saying life expectancy did not increase (Amrhein et al.,

2017). The 1918 pandemic notwithstanding, life expectancy is a measure

that tends to change slowly. Thus, the question at hand is more suited to

variance-based measures — such as the Lee-Carter projection fan — than to

regression discontinuity or similar designs.

The Lee-Carter projection is a random walk with drift of the model’s

k parameter (Lee and Carter, 1992; Li and Lee, 2005), using the 1900–29

mean annual increase as the drift and the 1900–29 standard deviation. The

process is repeated (all our results are based on 1,000,000 runs), generat-

ing a distribution of outcomes, from which the 95% projection interval is

generated by taking the 2.5 and 97.5 percentiles. We modified the standard

Lee-Carter approach to assume that the sexes are correlated, as opposed to

independent random walks. That is to say, rather than model km and k f as

independent Brownian random walks based on their variances (Freedman,

1983), we model the deviations as being drawn from a bivariate normal dis-

tribution based on the male:female variance-covariance matrix. Since the

projection interval is based on the tail densities, this elaboration is not cru-

cial to the result (i.e., the projection interval widths). However, it is justified

theoretically (Noymer and Van, 2014; Raftery et al., 2014) and is similar to

the cointegrated approach discussed by Carter and Lee (1992) or the Poisson

approach of Li (2013).

Mortality was severely affected by an influenza pandemic in 1918, caus-

ing a conundrum for fitting k (Lee, 1992). We chose to omit this year, pre-

tending, so to say, that 1917 is followed by 1919. The graphs illustrate this

by using an alternate line pattern, 1917–19. Inclusion of 1918 would in-

crease the standard deviation of the fitted k values. This would result in a

wider projection interval, making it harder for the observed life expectancy
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Figure 2: All races life expectancy, 1900–40, United States. Males (left) and females

(right). With Lee-Carter projection interval for 1930–40, based on 1900–29. Due to

the influenza pandemic, 1918 was omitted from the variance calculation (dashed

lines).

to escape the interval. We chose the approach of excluding 1918 to avoid

bias toward the null. Analysis was performed using IDL 8.7 (Exelis Visual

Information Solutions, Inc., Boulder, CO).

Results

Our results are principally graphical, shown in figures 2–4. All the graphs

have the same vertical and horizontal scale, allowing like-for-like compar-

isons. The shaded vertical bands indicate the Great Depression (1929–33);

1929 is the knot year, in which the projection and observed data are aligned,

and 1933 is the end of the Great Depression. Figure 2 presents the results

for all races. During the Great Depression, life expectancy for either sex

rose but did not escape the 95% projection interval; females are closer to

the edge than are males. Interestingly, after the Great Depression ends (as

defined, 1933), life expectancy decreases and then stabilizes, before start-

ing to rise again in 1937. As a check on our calculations, we compared our
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Figure 3: Same as figure 2, but for whites only.

life expectancy numbers to those of the Human Mortality Database (HMD)

(Barbieri et al., 2015), and find excellent agreement.1

Figure 3 shows the same result for whites only. Not surprisingly, given

the racial composition of the United States at the time, it is largely the same

as figure 2, but the empirical life expectancy data are slightly closer to the

center of the projection fan. The most interesting findings are for nonwhites,

in figure 4: for males, in 1930 the observed life expectancy is inside but near

the edge of the projection interval; this is similar to the finding for whites,

although nonwhites are closer to the boundary of what would be considered

a significant deviation from the prior trend. In 1931–33, inclusive, non-

white males’ life expectancy escapes the projection interval. Thus, during

the Great Depression, nonwhite male life expectancy not only rose, but rose

higher than expected from prior trends. Interestingly, when the worst of the

1This is only possible for all races, and only in 1933 and thereafter, per HMD data avail-

ability. For 1933–39, the average difference (across all years and both sexes) between our

calculations and those of the HMD are 0.045 years of life expectancy (maximum difference:

0.093); these are negligible. For 1940, the average difference (across both sexes) is 0.145

years of life expectancy (maximum difference: 0.153). The reason for the bigger (but still

small) difference is a discrepancy of almost half a million between the population (expo-

sures) used by Hornseth and Stanback 1954 (which was used to calculate our source of

rates, U.S. Department of Health, Education, and Welfare 1956), and that of the HMD. The

“custom” HMD population estimates (Andreeva and Barbieri, 2017, p.14) imply population

shrinkage of 211,000 between the census enumeration (1 April 1940), and mid-year 1940,

which seems implausible.

7



Paper for NBER Cohort Studies 2019 meeting. Please contact authors for latest ver.

1900 1910 1920 1930 1940
Year

30

40

50

60

Li
fe

 e
xp

ec
ta

nc
y,

 e
(0

) 
(y

ea
rs

)

  

  

 

 

 

 

Males

1900 1910 1920 1930 1940
Year

30

40

50

60

Li
fe

 e
xp

ec
ta

nc
y,

 e
(0

) 
(y

ea
rs

)
  

  

 

 

 

 

Females

Figure 4: Same as figure 2, but for nonwhites only.

Depression abated, nonwhite male life expectancy decreased again, and did

not surpass its 1933 value until 1938, when it again exceeded the projection

interval.

The most remarkable result is that for nonwhite females (figure 4). In

1930, like nonwhite males, life expectancy is at the edge of the projection

interval. However, in 1931 and thereafter, nonwhite females’ life expectancy

surpasses the projection fan. By 1940, the female life expectancy was about 2

years above even the upper bound of the projection interval. Contrast this

to white females (figure 3), whose life expectancy was inside the projection

interval, or to nonwhite males whose life expectancy in 1940 was about half

a year outside the projection interval.

These findings are reinforced by some descriptive statistics on minima,

maxima, and change (table 1). These data summarize the observed trends,

and are split into the same training/projection period; they are not based

on any Lee-Carter projections. The first six data columns refer to the train-

ing data for Lee-Carter (1900–29, excluding 1918). The bottom part of the

table pertains to the 1910–29 balanced-panel analysis of Appendix II. Not

surprisingly given the general upward trend, minimum life expectancy oc-

curs in 1900 for all race/sex combinations. For whites, the maximum life

expectancy, 1900–29, occurs in 1927, close to the end of the training period,

as would be expected from the trend. For nonwhites, the maximum life ex-

pectancy occurs in 1922, seven years before the end of the window; this is
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in the wake of the 1920–21 recession (see figure 1, and Wicker 1966; Vernon

1991).2

Table 1 also gives the end minus start change in life expectancy (note,

this is not the same as max minus min). The increases in life expectancy

during the training period (viz., 1900–29) were greater for nonwhites (3.96

more years of life expectancy gain for males, and 3.13 for females, indicated

a and b, respectively, in table 1). Bear in mind the much lower starting

points for nonwhites — f.e., life expectancy below 30 years for nonwhite

males.3 The balanced panel shows more improvement for whites during the

training period (but note that the training period for the balanced panel is

not the same time span). These gains exhibit important racial differences:

for whites, in the training period (1900–29) the increases in life expectancy

(in years of life per year of time) were 0.40 (c) for males and 0.42 (d) for

females; for nonwhites it was 0.53 (e) for both sexes. The next six columns

of table 1 summarize 1929–40. In keeping with generally upward trends, the

minimum life expectancy data always occur in 1929, and the maxima always

occur in 1939 or 1940. Unsurprisingly given figures 2–4, all groups make

substantial gains in life expectancy during the twelve-year period beginning

with the Great Depression, compared to the thirty-year training period.

Given the profound compositional change in the Death Registration Area,

especially as regards race (see footnote 3), it is important to look at the bal-

anced panel of states. From 1910–29, white expansion of life expectancy was

0.38 years per year for either sex (f ), while for nonwhites it was less, 0.31 (g)

and 0.37 (h) for males and females respectively. In the twelve-year period be-

ginning in 1929, life expectancy grew on average at a higher rate: for whites,

0.41 (i) and 0.47 (j) years per year for males and females, respectively. For

nonwhites, the gains were astronomical: 0.78 (males) and 0.75 (females)

years of life expectancy per calendar year (k and l, respectively). These in-

2For the balanced panel (Appendix II, p.25), the nonwhite peak for females occurs at the

end of the training data (1929), not 1922 (table 1).
3Life expectancy for all races is always in-between that for whites and nonwhites. How-

ever, the changing racial composition of the Death Registration Area during this period ac-

counts for the peculiar aspect that ∆e(0) for all races is not sandwiched between that for

whites and nonwhites. If the proportion nonwhite were the same at the start- and end-

points, the ∆e(0) would also be sandwiched. However, the proportion nonwhite changes

substantially, throwing off the comparison. Due principally to changes in which states were

in the Death Registration Area, the proportion nonwhite changed drastically in this time

period. For instance, in 1900 for males, 2.1% of the registration population was nonwhite

compared to 9.8% in 1929 (cf. Linder and Grove, 1943, table VIII). The 1929 death regis-

tration states included Nevada and New Mexico for the first time, and excluded only Texas

(added in 1933), and Alaska and Hawai’i (not yet states) (Hetzel, 1997).

9
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creases are not due to changing composition of states, although changing

composition of people, due to internal migration (and new birth cohorts) can

affect the changes. The pace of improvement for nonwhites in the balanced-

panel states from 1929–40 is nothing short of remarkable and is more than

three times greater than Oeppen and Vaupel’s (2002) finding of 0.243 years

per year for “best-practice” life expectancy gain at the global level (note also

that that study was of record life expectancy among a sample of countries).

Life expectancy is well-known to be affected by mortality levels at young

ages, because child deaths result in more years of life lost. Nonetheless,

the racial changes we see in life expectancy at birth are mirrored by life ex-

pectancy at age fifteen (cf. table 2, in Appendix I). The mortality changes we

are studying are not concentrated in childhood.
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Table 1: Table of before and after changes in life expectancy.

Training data (1900–29 or 1910–29) (excl. 1918) Projection period (1929–40)

Min. e(0) (year) Max. e(0) (year) ∆e(0), end–start Min. e(0) (year) Max. e(0) (year) ∆e(0), end–start

M F M F M F M F M F M F

Death registration area of the United States

All races 45.74 48.41 57.55 60.56 10.82 11.41 56.56 59.81 61.10 65.42 4.45 5.61

(1900) (1900) (1927) (1927) (1929) (1929) (1939) (1940)

per year 0.36 0.38 0.37 0.47

White 46.11 48.80 58.90 62.10 11.95 12.67 58.05 61.47 62.31 66.83 4.19 5.36

(1900) (1900) (1927) (1927) (1929) (1929) (1939) (1940)

per year 0.40c 0.42d 0.35 0.45

Non-white 29.17 31.68 48.00 48.77 15.91 15.80 45.08 47.48 51.80 55.02 6.42 7.45

(1900) (1900) (1922) (1922) (1929) (1929) (1939) (1939)

per year 0.53e 0.53e 0.54 0.62

Wh.−Nonwh. 16.93 17.12 10.90 13.33 −3.96a −3.13b 12.97 13.99 10.51 11.81 −2.23 -2.09

Death registration states of 1910 (balanced panel)

All races 49.63 53.24 57.51 60.93 7.17 7.25 56.80 60.49 61.91 66.33 5.10 5.84

(1910) (1910) (1927) (1927) (1929) (1929) (1939) (1940)

per year 0.36 0.36 0.43 0.49

White 50.01 53.70 58.24 61.60 7.55 7.50 57.56 61.20 62.51 66.88 4.87 5.69

(1910) (1910) (1927) (1927) (1929) (1929) (1939) (1940)

per year 0.38f 0.38f 0.41i 0.47j

Non-white 35.89 38.45 43.31 45.83 6.12 7.38 42.34 45.83 51.73 54.89 9.39 9.06

(1917) (1910) (1922) (1929) (1929) (1929) (1940) (1940)

per year 0.31g 0.37h 0.78k 0.75l

Wh.−Nonwh. 14.12 15.25 14.93 15.77 1.43 0.12 15.22 15.37 10.78 12.00 −4.52 −3.37

Labels (a, b, etc.) are mentioned in the text.

1
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Discussion

To briefly summarize the results, life expectancy improved during the Great

Depression in the United States — more for females than males, and much

more for nonwhites than whites. For nonwhites, both sexes escaped a Lee-

Carter projection interval based on 1900–29, and nonwhite females saw

the most notable increases. Nothing in the balanced panel analyses (Ap-

pendix II) indicates that these findings are an artifact of the changing com-

position of the Death Registration Area. At lower levels of life expectancy, a

fixed percentage improvement in death rates makes a larger change in life

expectancy (Karpinos 1946; Mitra 1979; Pollard 1982; Keyfitz 1985, pp.62–

72; Vaupel 1986). Thus, in the present context, assuming the same propor-

tional changes in death rates, we expect a slightly bigger response in life

expectancy for nonwhites. However, the Lee-Carter analysis clearly shows

that changes in nonwhite mortality were more profound.

The quality of mortality data for whites and nonwhites should not be

assumed to be the same. Having complete death registration (and therefore

being included in the Death Registration Area) meant registering at least

90% of deaths (Hetzel, 1997). Up to ten percent of deaths could be unreg-

istered, and these could have been disproportionately nonwhite. Population

denominators come from the census, for which nonwhite data quality was

worse than that for whites (Karpinos, 1939; Myers, 1941; Price, 1947). Al-

though both nonwhite deaths and population were under-ascertained, it is

unlikely that census undercounts mirrored death underregistration on an

age- sex- and race-specific basis. Numerator-denominator mismatch can

bias nonwhite death rates downward. Despite the stark differences in white

and nonwhite life expectancies, in reality the gap may have been even larger

(Elo, 2001).

A related problem is age misreporting, thought to be greater among non-

whites. Complete birth registration, key in establishing age, came later than

complete death registration, especially in poor southern counties where most

nonwhites were born in the nineteenth and early twentieth centuries (Pre-

ston et al., 1998). This distorts age-specific death rates; in any event, data

quality for nonwhites was poorer in this time period (Demeny and Gingrich,

1967; Zelnik, 1969; Ewbank, 1987) and beyond (Elo and Preston, 1994; Pre-

ston et al., 1996; Hill et al., 1997; Preston and Elo, 2006). The life expectancy

calculations require, as input, death rates at all ages, so the new series of in-

fant mortality data by Eriksson et al. (2017) does not help in this application.

These data quality issues do not make our results uninterpretable. Our

goal is to look at life expectancy differences over time, not to hang our hat

12
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on any particular point estimate. Many of the measurement issues with

nonwhite life expectancy are constant over short time intervals, and there-

fore do not affect inference about the Great Depression. Clearly, growth in

life expectancy for nonwhites was greater than that for whites (figure 3 vs.

figure 4). The data we analyze are aggregate vital statistics, fit for the pur-

pose of identifying trends but less suited to testing hypotheses about mech-

anisms. Nonetheless, we propose an explanation for why the changes are

more profound for nonwhites.

We postulate that the Great Migration of blacks out of the South (both

rural and urban) and into the more industrialized North (Fligstein, 1981;

Alexander, 1998) had negative externalities on health. Part of this explana-

tion is that migration flows abated during the Great Depression, thus inter-

rupting the migration process that contributed to the black-white mortality

gap. The Great Migration did allow nonwhites to benefit from place-based

salubrious innovations such as clean drinking water (Cutler and Miller, 2005;

Ferrie and Troesken, 2008; Beach et al., 2016). Nonetheless, Eriksson and

Niemesh (2016) argue that black infant mortality was higher among births

to migrants to the North.4 This is for infants, but deaths in this age group

exert a lot of leverage on life expectancy. Because this refers to babies born

in the North, self-selection of the healthy into moving (Collins and Wana-

maker, 2014) is a secondary consideration. Our data are compositionally-

unaffected by internal migration within the Death Registration Area. Dur-

ing our focus years (1930–33), the DRA was mostly the whole nation, with

Texas (1933) being the important addition. The only other joining state in

our focal period was demographically-tiny South Dakota, in 1932 (Hetzel,

1997).

Government relief programs were less available to nonwhites (Gordon,

1994; Tolnay, 1999; Eli and Salisbury, 2016; Aizer et al., 2016), making the

Depression relatively harder. What is more, “as unemployment mounted,

black workers were usually the first to be fired” (Gregory, 2005, p.98), and,

“by the end of 1932, 40–50 percent of Chicago’s black work force was unem-

ployed” (Cohen, 1990, p.242). On the other hand, it is not clear the Great

Depression was as big a change for nonwhites as it was for whites. With

less socioeconomic status to begin with, there was less distance to fall, and

blacks were less employed in industrial occupations in the first place (ibid.).

4Using data from 1976–2001, Black et al. (2015) also show that the Great Migration had

adverse effects on African-American mortality, perhaps through increased tobacco use. Thus,

both the short-term (Eriksson and Niemesh, 2016) and long-term health effects of the Great

Migration may have been negative.
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Also, “incomes and employment in the South took less of a direct hit during

the [Great Depression]” (Margo, 2016, p.324).

There is generally a positive relationship between income and health at

the individual level (Kitagawa and Hauser, 1973; Easterlin, 1999). However,

scholars of the Great Migration differ on the net economic benefit of moving

to movers. Despite the relative hardship for blacks in the more-industrialized

North, “Leaving the low-wage South for the industrial cities of the North and

West provided black migrants with a substantial economic return” (Boustan,

2017, p.60). On the other hand, “recent evidence is mixed regarding how

both black and white migrants fared relative to their stationary counterparts

in the South” (Alexander et al., 2017, p.2252); see also Eichenlaub et al.

(2010).

The best estimates of internal migration are based from decennial cen-

suses (Fishback et al., 2006; Boustan et al., 2010).5 We do know that the

Great Migration was responsible for significant flows of people, in ways that

affected racial composition: “More than 40% of the southern black popu-

lation migrated out of the South between 1915 and 1970” (Boustan and

Margo, 2016). Black migration out of the South was mostly Northward, with

Westward movement not picking up until after 1940 (Eldridge and Thomas,

1964). During the Great Depression itself, the Great Migration out of the

South may have abated. Although we know of no annual migration statis-

tics at the national level, Boone and Wilse-Samson (2015) provide evidence

of migration back to rural areas during the Great Depression.

Migration from the Jim Crow South was not into a racially-integrated

North (Massey and Denton, 1993); residential segregation was high. The

provision of clean drinking water to black neighborhoods lagged behind

white neighborhoods (Troesken, 2002). Thus, nonwhite disease burden from

waterborne pathogens such as Salmonella enterica (the cause of typhoid fever)

changed as part of the Great Migration. Even among blacks who stayed in

the South, there was an urbanization component of the Great Migration

(Lewis, 1991; Collins and Wanamaker, 2015), which may have improved ac-

cess to cleaner water. Even after this time period, blacks in the rural South

often lacked piped water (Cowhig and Beale, 1964a,b). Non-piped water can

in some cases be preferable to piped water that is not properly treated, but

in general would be more prone to contamination with pathogens compared

to properly-treated water. Lack of piped water is also associated with poorer

5For example, the 1940 census asked, “in what place [city/county/state] did this person

live on April 1, 1935?” (Gauthier, 2002); cf. also U.S. Bureau of the Census (1946) and

Gutmann et al. (2016).
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hand hygiene, for the simple reason that water is a scarcer commodity in the

household. Collins and Thomasson (2004) also note the role of urbanization

in declining black infant mortality rates.

Fishback et al. (2018) show that blacks benefited from public relief pro-

grams by 1933. Thus, direct assistance programs may also play a role in the

observed trends. The balanced panel analysis (Appendix II, p.25) is quali-

tatively the same as in figures 2–4. The Death Registration States of 1910

(i.e., the balanced panel) include no Southern states, so the life expectancy

gains seen in 1930–33 may not be due exclusively to a pullback in the Great

Migration. Moreover, the Great Migration involved blacks moving from ar-

eas with worse data quality to areas with better data quality, which can also

introduce a bias (Arthi et al., 2017).

As we have noted, the aggregate data we analyze are more suited to iden-

tifying trends than to unpacking the reasons for them. Our data do not,

for instance, permit constructing life tables for nonwhites cross-stratified

by place of residence and place of birth. Nonetheless, internal migration is

plausibly part of the explanation for the larger changes seen in nonwhite life

expectancy (vs. white) during the Great Depression.

Given the magnitude of the Great Migration — for example, Mississippi

was majority black up through and including the 1930 census (Haines, 2006)

— the explanation outlined above seems more likely than any specific health

intervention to have produced the changes seen in figures 2–4. Fishback

et al. (2001) note the probable role of New Deal programs on reducing in-

fant mortality (which exerts strong influence on life expectancy), particu-

larly because the Public Works Administration “contributed to the building

of sewage control and waterworks facilities in hundreds of communities”

(p.100). However, this was part of the New Deal, and therefore began in

1933. This is consistent with the gains seen in nonwhite life expectancy af-

ter 1936 (figure 4) but was too late to affect the 1929–33 changes which are

our principal focus. General improvements in public health programs dur-

ing this period were either explicitly part of the New Deal and hence began

in 1933, or were not limited to 1929–33 (Duffy, 1990, pp.256–270). More-

over, the period 1929–33 was not a watershed in medical innovation. The

first class of modern antibiotics did not come into use until 1937 (Lesch,

2007; Jayachandran et al., 2010), and no major vaccines were invented. In

any case, it would be peculiar if a medical-technological innovation favored

nonwhites (Link and Phelan, 1995).
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Conclusion

Life expectancy increased during the Great Depression (Tapia Granados and

Diez Roux, 2009). This is interesting in and of itself, especially since it may

be regarded as counterintuitive. For the population as a whole, the rise in

life expectancy in 1930–33 does not exceed a Lee-Carter projection interval

constructed from pre-1930 data, as described. Thus, although it is a pro-

saic explanation, continuation of secular trend (a juggernaut underway be-

fore the Great Depression) may well explain the pattern of life expectancy

in the early 1930s. This is congruent with Stuckler et al. (2012) (see also

Tapia Granados 2012, 2013 and Stuckler et al. 2013). Our principal find-

ing is that race-specific analyses reveal a divergence in life expectancy af-

ter 1930. Nonwhite Americans (overwhelmingly blacks during this period)

show a sharp rise in life expectancy in 1930–33 that exceeds the projection

interval; this holds for both sexes.

Strengths of our approach include use of the widely accepted Lee-Carter

method to compute a projection interval for life expectancy. Given the con-

straint of only 30 data points before the Great Depression (viz., 1900–29), the

Lee-Carter method is an appropriate way to make a counterfactual projection

of life expectancy during the Great Depression, based only on prior mortal-

ity data. An additional strength of our approach is that we include a bal-

anced panel, the Death Registration States of 1910. Although the balanced

panel results do not affect the overall conclusions, this is only knowable ex-

post. We also analyzed nonwhites and whites separately, which allowed us

to show distinct differences in life expectancy patterns during and after the

Great Depression.

This study has a number of limitations. Our principal finding refers to

nonwhites, but, as discussed, this is the group for which data quality is poor-

est. Since we are more interested in trends than levels, we think our findings

are robust, but clearly better data quality is always a desideratum. Choosing

the best input data (i.e., training data for the trend) to calculate an un-

certainty interval for life expectancy is tricky.6 The United States’ data for

mortality begin in 1900, so we cannot start earlier even if we wanted to (and,

to use an ARIMA model, we would want to). Compositional changes in the

Death Registration Area add to the input data challenges; using the balanced

panel corrects for this, but at the cost of having ten fewer input observations.

6Here we mean an uncertainty interval as regards continuation, or not, of prior trend (like

our Lee-Carter projection interval), as opposed to statistical uncertainty of life expectancy

point estimates. For the latter, see Wilson (1938); Chiang (1984); Brillinger (1986); Lo et al.

(2016).
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However, the balanced panel is of states — not of people — and these states

were on the receiving end of the Great Migration (see Appendix II, p.25).

There is increasing evidence that mortality and the economy are procycli-

cal. When the economy declines, so do death rates (Edwards, 2008; Ruhm,

2016).7 Great Depression findings (Fishback et al. 2007; Tapia Granados and

Diez Roux 2009; present work) agree with this. Heart disease was a more

important cause of death in the 1960s than either during the Great Depres-

sion or nowadays (Goldman and Cook 1984; Tate et al. 2016). Thus, the de-

cline in the relative importance of heart disease mortality may explain some

of the divergence between older and more recent work on this cyclicality.

This could be one of the reasons both the Great Depression era and recent

times are procyclical, while mid-century evidence is more elusive. Other

prominent causes of death that have been linked to the economy are air

pollution (Schwartz and Dockery, 1992), accidents (Ruhm, 2015; He, 2016),

and alcohol-related deaths (Brenner, 1975; Norström, 2007). Replicating our

projection-based analysis with a portfolio of cause-specific projections is not

an alternative (Wilmoth, 1995).

We proposed an explanation for our findings in terms of a temporary

abatement of the Great Migration. Whether or not the nexus between our

findings and the Great Migration is causal or coincidental, our findings are

principally descriptive demography. This study uses vital statistics (i.e., ag-

gregate data) and thus, does not address causality in the way that microdata

could. Nonetheless, this is a useful addition to knowledge about mortal-

ity in the Great Depression because of how our findings highlight nonwhite

mortality changes, as well how they show that the changes for the total

population are hard to distinguish from the prior trend.

Our study refines prior work by using uncertainty intervals (specifically,

a Lee-Carter projection interval based on 1900–29), and by focusing on race.

Prior studies have noted that life expectancy expanded during the Great De-

pression, but the present work underscores that racial differences are key,

and that for whites the changes, while positive, were not remarkable. Our

principal finding agrees with the idea that the Great Depression was pivotal

for life expectancy, but highlights that this is much clearer for nonwhites.

We urge scholars working on health and mortality during 1920–40 to strat-

ify their analyses by race wherever the data permit it.

7There is a debate about time scale (Brenner, 1979a,b, 1981) and whole- versus sub-

populations (Sullivan and von Wachter, 2009; Noelke and Beckfield, 2014). See also Miller

et al. (2009); Stevens et al. (2015); Cutler et al. (2016); Seeman et al. (2018). The debate

between Tapia Granados (2005a,b) and McKee and Suhrcke (2005) and Brenner (2005) is

likewise relevant.
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Demography is a descriptive science, and this work is, essentially, de-

scriptive. Regarding explanation for these findings, part of the point is that,

for whites, it’s a null finding that doesn’t require any explanation apart from

continuation of prior trends. Just as mortality is racially-imprinted in the

United States in the twentieth century, so is mortality change. The Great

Depression was an upward pivot for nonwhite life expectancy, which merits

future study.
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Appendix I: Input data description

[ Note to editors and reviewers: All of this appendix (two pages of tables and three

pages of graphs, and the paragraph below) can be moved into an online supplementary

information (SI) in the final version. ]

This appendix presents an overview of the input data: three tables of de-

scriptive statistics, followed by graphs. Table 2 table summarizes empirical

changes in e(0) and e(15) from 1929 and 1933, demonstrating that the racial

differences are not concentrated in childhood. Tables 3 and 4 summarize the

input data for the Lee-Carter model (1900–29 for the main data, and 1910–

29 for the balanced panel, excluding 1918 in both cases). The graphs include

up to 1940, and thus depict more data than are summarized in the tables.

Since the Lee-Carter model operates on log scale, the means in the following

tables are geometric means (cf. Schoen 1970 on the geometric mean in mor-

tality analysis). The Root Mean Squared Error (RMSE) is for the following

model fit to the input data: log
(

M(x)
)

= α + β ·year.

Table 2: Improvement in empirical e(0) and e(15) from 1929 to 1933, for all twelve

population × sex × panel combinations.
Total
pop’n Whites Nonwhites

Life expectancy at birth:

Death Registration Area M 2.65 2.39 4.81

(main text) F 2.94 2.68 4.95

Death Registration States of 1910 M 2.92 2.78 5.30

(this appendix, solid pattern) F 2.87 2.81 4.77

Life expectancy at age fifteen:

Death Registration Area M 1.62 1.42 3.08

(main text) F 2.08 1.85 3.74

Death Registration States of 1910 M 1.56 1.50 2.64

(this appendix, solid pattern) F 1.69 1.68 2.49
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Table 3: For the all-years data:

Death rates (per 100,000)

Age All race White Nonwhite

Group statistic M F M F M F

0 mean 11724.2 9312.1 11280.7 8928.4 20417.2 16666.6

SD 2964.8 2496.8 3067.0 2574.1 7839.5 6908.9

RMSE 0.0544 0.0564 0.0582 0.0609 0.0956 0.0963

1–4 mean 1120.5 1018.8 1071.7 971.3 2125.5 1952.5

SD 392.4 370.8 396.6 374.1 1130.9 1048.8

RMSE 0.0705 0.0735 0.0722 0.0753 0.1092 0.0973

5–14 mean 276.2 247.2 268.3 235.4 450.5 484.2

SD 53.2 62.3 53.9 63.2 170.7 223.5

RMSE 0.0595 0.0698 0.0598 0.0674 0.0919 0.1059

15–24 mean 459.0 433.2 422.6 388.4 1008.3 1062.4

SD 73.0 65.4 86.0 80.0 147.8 121.1

RMSE 0.0732 0.0882 0.0723 0.0812 0.0719 0.0718

25–34 mean 639.3 597.2 593.7 551.3 1279.4 1208.4

SD 118.5 107.2 137.6 125.8 119.7 95.3

RMSE 0.0828 0.0956 0.0901 0.0974 0.0791 0.0752

35–44 mean 918.9 775.7 868.0 720.9 1662.2 1596.3

SD 128.8 94.0 152.3 121.0 140.2 78.4

RMSE 0.0658 0.0472 0.0680 0.0437 0.0909 0.0516

45–54 mean 1447.2 1197.0 1388.9 1131.3 2408.6 2420.1

SD 128.4 94.0 153.9 126.0 226.4 120.9

RMSE 0.0601 0.0353 0.0598 0.0295 0.0996 0.0507

55–64 mean 2737.7 2319.1 2691.5 2257.6 3831.3 3887.9

SD 204.5 165.7 214.1 191.5 523.2 275.0

RMSE 0.0510 0.0331 0.0489 0.0317 0.1051 0.0662

65–74 mean 5745.8 5088.7 5714.9 5049.5 6670.5 6239.1

SD 256.5 225.6 256.3 239.4 591.7 352.0

RMSE 0.0418 0.0335 0.0409 0.0339 0.0771 0.0518

75–84 mean 12543.9 11526.8 12558.4 11572.0 12182.6 10198.7

SD 499.2 417.8 494.9 416.9 859.6 648.5

RMSE 0.0414 0.0372 0.0411 0.0373 0.0710 0.0653

85+ mean 25791.1 24862.0 25835.8 25097.7 23544.3 20885.4

SD 1319.4 1479.8 1254.0 1551.4 3550.2 1884.9

RMSE 0.0531 0.0599 0.0502 0.0609 0.1209 0.0858
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Table 4: For the balanced panel data:

Death rates (per 100,000)

Age All race White Nonwhite

Group statistic M F M F M F

0 mean 10434.5 8184.7 10157.9 7951.8 19468.2 15578.9

SD 2031.6 1696.4 2073.8 1719.6 2393.0 2361.1

RMSE 0.0442 0.0448 0.0447 0.0448 0.0719 0.0652

1–4 mean 901.0 808.6 868.2 778.7 2018.7 1807.4

SD 247.7 230.6 247.5 229.4 465.0 418.2

RMSE 0.0843 0.0861 0.0854 0.0859 0.1088 0.1115

5–14 mean 255.9 216.7 248.9 210.0 466.9 466.0

SD 27.6 34.9 28.3 33.4 66.9 101.9

RMSE 0.0663 0.0797 0.0730 0.0729 0.0883 0.1088

15–24 mean 403.8 369.1 381.8 347.7 989.8 1014.8

SD 58.0 48.2 59.6 49.7 110.8 73.7

RMSE 0.0747 0.0918 0.0753 0.0947 0.1075 0.0710

25–34 mean 565.4 509.2 532.8 485.1 1202.7 1071.9

SD 101.6 85.4 109.3 88.9 115.2 80.6

RMSE 0.1016 0.1122 0.1085 0.1188 0.0970 0.0737

35–44 mean 853.1 688.0 815.8 656.1 1704.5 1543.6

SD 110.3 70.6 115.3 76.5 159.1 71.4

RMSE 0.0746 0.0440 0.0727 0.0462 0.0953 0.0485

45–54 mean 1408.1 1131.5 1369.2 1092.7 2506.3 2504.9

SD 113.9 51.6 118.1 58.2 230.2 132.7

RMSE 0.0716 0.0230 0.0702 0.0231 0.0886 0.0507

55–64 mean 2729.1 2268.2 2693.4 2230.7 4102.3 4194.2

SD 159.8 91.2 157.4 92.9 360.2 225.0

RMSE 0.0538 0.0281 0.0527 0.0271 0.0897 0.0528

65–74 mean 5813.2 5101.9 5786.0 5071.8 7240.3 6801.9

SD 246.6 187.0 241.4 188.6 580.1 431.2

RMSE 0.0437 0.0315 0.0430 0.0316 0.0827 0.0581

75–84 mean 12670.2 11669.9 12679.5 11688.9 12123.2 10580.9

SD 471.3 390.4 475.5 388.6 681.8 830.9

RMSE 0.0378 0.0347 0.0381 0.0345 0.0589 0.0798

85+ mean 25756.5 25221.1 25859.5 25377.8 21699.3 19692.7

SD 1309.6 1810.5 1294.7 1832.1 2497.0 1569.6

RMSE 0.0409 0.0543 0.0406 0.0547 0.0885 0.0777
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Figure 5: Mortality rates by age, 1900–40, all races. Solid lines are for the Death

Registration Area (1900–32) and United States (1933–40); dotted lines are for the

Death Registration States of 1910 (1910–40). Darker shading denotes input data to

Lee-Carter model (up to 1929), but note that 1918 is excluded from the input data.
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Figure 6: Mortality rates by age, 1900–40, whites. Solid lines are for the Death

Registration Area (1900–32) and United States (1933–40); dotted lines are for the

Death Registration States of 1910 (1910–40). Darker shading denotes input data to

Lee-Carter model (up to 1929), but note that 1918 is excluded from the input data.
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Figure 7: Mortality rates by age, 1900–40, nonwhites. Solid lines are for the Death

Registration Area (1900–32) and United States (1933–40); dotted lines are for the

Death Registration States of 1910 (1910–40). Darker shading denotes input data to

Lee-Carter model (up to 1929), but note that 1918 is excluded from the input data.
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Appendix II: Balanced-panel graphs

The graphs in this appendix replicate the main analysis of the paper, using

the death registration states of 1910.8 The Death Registration Area (DRA) of

the United States changed a lot in the period 1900–32, so some of the year-

to-year variation is a compositional artifact. This can affect the Lee-Carter

model, and the results in this appendix control for this. The solid lines with

the shaded projection fan are the death registration states of 1910. Every-

thing is done just as described the main text, but the data come from a

balanced panel of states. This controls for the changing composition. Unfor-

tunately, this also changes the length of the training data, which can affect

the variance used in the Lee-Carter projection, so is not a perfect control. To

assess whether having ten fewer observations (viz., missing 1900–09) affects

the Lee-Carter projection fan, we also analyzed the variable-composition

DRA data, but starting in 1910. The dashed lines with the hatched projec-

tion fan are for same data as in the main text (i.e., the DRA), but subsetted

to 1910 onward.

In short, while the graphs in the main text use all available data (1900–

29), the time series and projection fans in this appendix provide a compari-

son to a balanced panel, with two fans per graph to additionally control for

the length of the estimation period being shorter than that in the main text.

An alternate approach would be to use the death registration states of 19009

as the balanced panel, thus removing the question of different length time

series. However, these states are not a good control because they are even

more unrepresentative, being skewed heavily to the northeast. There is no

comparable data set on the death registration states of 1920. Table 5 shows

the width of the projection fans in 1940, for all the graphs. For the total pop-

ulation, and for whites, there is not a major impact of switching to a start

date of 1910 or of using the balanced panel. For nonwhites, the differences

are more substantial, in keeping with the changes associated with the Great

Migration, discussed in the main text.

8These are: California, Colorado, Connecticut, District of Columbia, Indiana, Maine,

Maryland, Massachusetts, Michigan, Minnesota, Montana, New Hampshire, New Jersey,

New York, Ohio, Pennsylvania, Rhode Island, Utah, Vermont, Washington, Wisconsin (Het-

zel, 1997, p.59).
9These are: Connecticut, Delaware, District of Columbia, Indiana, Maine, Massachusetts,

Michigan, New Hampshire, New Jersey, New York, Rhode Island, Vermont (op. cit. fn. 8).
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Table 5: Width of projection fan in 1940 (in years of life expectancy), for all eighteen

population × sex × panel combinations.

Total
pop’n Whites Nonwhites

Death Registration Area (1900–29) M 7.21 7.13 5.28

(main text) F 6.97 6.84 5.27

Death Registration Area (1910–29) M 7.36 7.39 3.82

(this appendix, hatched pattern) F 7.42 7.49 5.21

Death Registration States of 1910 (1910–29) M 7.22 7.15 4.88

(this appendix, solid pattern) F 7.51 7.06 9.39
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Figure 8: Same as figure 2 (in the main body of the paper), but for death registration

states of 1910, only. The year-to-year variance in this figure is not influenced by

changes in the composition of the death registration area (unlike figure 2). The

dashed lines show data for all the death registration states, i.e., the same data and

projection as in the main text, except starting in 1910. This is for comparative

purposes as well as to control for the effect of using a shorter training period.
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Figure 9: Same as figure 8, but for whites only.
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Figure 10: Same as figure 8, but for nonwhites only.
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