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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 coheres with recent literature on mortality and recessions. We construct
Lee-Carter interval estimates of life expectancy during the Great Depression, based on trends before 1929. In this analysis, all-race life
expectancy did not grow unusually during the Great Depression. However, nonwhites did see greater-than-expected increases in life expectancy in 1930–33. We discuss a potential explanation for the racial difference: an abatement during the Great Depression of the Great Migration 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
‡ Correspondence to: noymer@uci.edu *Program in Public Health, and †Department of
Population Health and Disease Prevention, University of California, Irvine.
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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 “income effect” explanation assumes that a fall in family income reduces consumption of health-damaging goods (f.e., alcohol, Khan et al. 2002). Second, 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 appearing deviant or delinquent (Catalano et al., 2002). Fourth, working-age
adults who lose jobs may shift their time use to health-promoting activities 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 counterfactual 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 — because of idiosyncratic compositional changes in the United States death registration 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 Depression, 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 analytic framework, we interpret this as a significant increase in nonwhite
life expectancy during the Great Depression, although this is not statistical 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 hypothesis (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 temporal 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 inflationadjusted 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 recovery 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 series 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 analyze data for the total population, as well as for whites and nonwhites separately; the data do not have more granular information on racial categories,
but nonwhite in this period was predominantly black or African-American
3
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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 provides 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 projection 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 empirical 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), generating 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 distribution based on the male:female variance-covariance matrix. Since the
projection interval is based on the tail densities, this elaboration is not crucial 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, causing a conundrum for fitting k (Lee, 1992). We chose to omit this year, pretending, 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 increase the standard deviation of the fitted k values. This would result in a
wider projection interval, making it harder for the observed life expectancy
5
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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 comparisons. 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 starting 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, nonwhite 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
1 This is only possible for all races, and only in 1933 and thereafter, per HMD data availability. 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 (exposures) 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.
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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 training 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 occurs 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 expectancy 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 balanced 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 beginning 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 in2 For

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).
3 Life expectancy for all races is always in-between that for whites and nonwhites. However, the changing racial composition of the Death Registration Area during this period accounts 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 endpoints, 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 registration 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).
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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 balancedpanel 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 expectancy at age fifteen (cf. table 2, in Appendix I). The mortality changes we
are studying are not concentrated in childhood.
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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.
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Table 1: Table of before and after changes in life expectancy.
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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 LeeCarter projection interval based on 1900–29, and nonwhite females saw
the most notable increases. Nothing in the balanced panel analyses (Appendix II) indicates that these findings are an artifact of the changing composition 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 proportional 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 unregistered, 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). Although 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 nonwhites. 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 (Preston 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; Preston 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 infant 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

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

on any particular point estimate. Many of the measurement issues with
nonwhite life expectancy are constant over short time intervals, and therefore 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 purpose of identifying trends but less suited to testing hypotheses about mechanisms. 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 explanation is that migration flows abated during the Great Depression, thus interrupting 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 Wanamaker, 2014) is a secondary consideration. Our data are compositionallyunaffected by internal migration within the Death Registration Area. During 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 unemployed” (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.).
4 Using

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 censuses (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 population 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 statistics 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 access 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
5 For

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 programs by 1933. Thus, direct assistance programs may also play a role in the
observed trends. The balanced panel analysis (Appendix II, p.25) is qualitatively 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 areas 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 identifying 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 infant mortality (which exerts strong influence on life expectancy), particularly 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 after 1936 (figure 4) but was too late to affect the 1929–33 changes which are
our principal focus. General improvements in public health programs during 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). Moreover, 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 prosaic explanation, continuation of secular trend (a juggernaut underway before 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 finding is that race-specific analyses reveal a divergence in life expectancy after 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 constraint 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 mortality data. An additional strength of our approach is that we include a balanced panel, the Death Registration States of 1910. Although the balanced
panel results do not affect the overall conclusions, this is only knowable expost. 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 poorest. 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 uncertainty 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.
6 Here 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 procyclical. 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 Depression or nowadays (Goldman and Cook 1984; Tate et al. 2016). Thus, the decline 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., aggregate data) and thus, does not address causality in the way that microdata
could. Nonetheless, this is a useful addition to knowledge about mortality 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 Depression, 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 stratify their analyses by race wherever the data permit it.
7 There

is a debate about time scale (Brenner, 1979a,b, 1981) and whole- versus subpopulations (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, descriptive. 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 descriptive 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 mortality 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.

Life expectancy at birth:
Death Registration Area
(main text)
Death Registration States of 1910
(this appendix, solid pattern)
Life expectancy at age fifteen:
Death Registration Area
(main text)
Death Registration States of 1910
(this appendix, solid pattern)
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Total
pop’n

Whites

Nonwhites

M
F
M
F

2.65
2.94
2.92
2.87

2.39
2.68
2.78
2.81

4.81
4.95
5.30
4.77

M
F
M
F

1.62
2.08
1.56
1.69

1.42
1.85
1.50
1.68

3.08
3.74
2.64
2.49
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Table 3: For the all-years data:

Age
Group
0

1–4

5–14

15–24

25–34

35–44

45–54

55–64

65–74

75–84

85+

statistic
mean
SD
RMSE
mean
SD
RMSE
mean
SD
RMSE
mean
SD
RMSE
mean
SD
RMSE
mean
SD
RMSE
mean
SD
RMSE
mean
SD
RMSE
mean
SD
RMSE
mean
SD
RMSE
mean
SD
RMSE

Death rates (per 100,000)
All race
White
Nonwhite
M
F
M
F
M
F
11724.2 9312.1
11280.7 8928.4
20417.2 16666.6
2964.8
2496.8
3067.0
2574.1
7839.5
6908.9
0.0544
0.0564
0.0582
0.0609
0.0956
0.0963
1120.5
1018.8
1071.7
971.3
2125.5
1952.5
392.4
370.8
396.6
374.1
1130.9
1048.8
0.0705
0.0735
0.0722
0.0753
0.1092
0.0973
276.2
247.2
268.3
235.4
450.5
484.2
53.2
62.3
53.9
63.2
170.7
223.5
0.0595
0.0698
0.0598
0.0674
0.0919
0.1059
459.0
433.2
422.6
388.4
1008.3
1062.4
73.0
65.4
86.0
80.0
147.8
121.1
0.0732
0.0882
0.0723
0.0812
0.0719
0.0718
639.3
597.2
593.7
551.3
1279.4
1208.4
118.5
107.2
137.6
125.8
119.7
95.3
0.0828
0.0956
0.0901
0.0974
0.0791
0.0752
918.9
775.7
868.0
720.9
1662.2
1596.3
128.8
94.0
152.3
121.0
140.2
78.4
0.0658
0.0472
0.0680
0.0437
0.0909
0.0516
1447.2
1197.0
1388.9
1131.3
2408.6
2420.1
128.4
94.0
153.9
126.0
226.4
120.9
0.0601
0.0353
0.0598
0.0295
0.0996
0.0507
2737.7
2319.1
2691.5
2257.6
3831.3
3887.9
204.5
165.7
214.1
191.5
523.2
275.0
0.0510
0.0331
0.0489
0.0317
0.1051
0.0662
5745.8
5088.7
5714.9
5049.5
6670.5
6239.1
256.5
225.6
256.3
239.4
591.7
352.0
0.0418
0.0335
0.0409
0.0339
0.0771
0.0518
12543.9 11526.8
12558.4 11572.0
12182.6 10198.7
499.2
417.8
494.9
416.9
859.6
648.5
0.0414
0.0372
0.0411
0.0373
0.0710
0.0653
25791.1 24862.0
25835.8 25097.7
23544.3 20885.4
1319.4
1479.8
1254.0
1551.4
3550.2
1884.9
0.0531
0.0599
0.0502
0.0609
0.1209
0.0858
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Table 4: For the balanced panel data:

Age
Group
0

1–4

5–14

15–24

25–34

35–44

45–54

55–64

65–74

75–84

85+

statistic
mean
SD
RMSE
mean
SD
RMSE
mean
SD
RMSE
mean
SD
RMSE
mean
SD
RMSE
mean
SD
RMSE
mean
SD
RMSE
mean
SD
RMSE
mean
SD
RMSE
mean
SD
RMSE
mean
SD
RMSE

Death rates (per 100,000)
All race
White
Nonwhite
M
F
M
F
M
F
10434.5 8184.7
10157.9 7951.8
19468.2 15578.9
2031.6
1696.4
2073.8
1719.6
2393.0
2361.1
0.0442
0.0448
0.0447
0.0448
0.0719
0.0652
901.0
808.6
868.2
778.7
2018.7
1807.4
247.7
230.6
247.5
229.4
465.0
418.2
0.0843
0.0861
0.0854
0.0859
0.1088
0.1115
255.9
216.7
248.9
210.0
466.9
466.0
27.6
34.9
28.3
33.4
66.9
101.9
0.0663
0.0797
0.0730
0.0729
0.0883
0.1088
403.8
369.1
381.8
347.7
989.8
1014.8
58.0
48.2
59.6
49.7
110.8
73.7
0.0747
0.0918
0.0753
0.0947
0.1075
0.0710
565.4
509.2
532.8
485.1
1202.7
1071.9
101.6
85.4
109.3
88.9
115.2
80.6
0.1016
0.1122
0.1085
0.1188
0.0970
0.0737
853.1
688.0
815.8
656.1
1704.5
1543.6
110.3
70.6
115.3
76.5
159.1
71.4
0.0746
0.0440
0.0727
0.0462
0.0953
0.0485
1408.1
1131.5
1369.2
1092.7
2506.3
2504.9
113.9
51.6
118.1
58.2
230.2
132.7
0.0716
0.0230
0.0702
0.0231
0.0886
0.0507
2729.1
2268.2
2693.4
2230.7
4102.3
4194.2
159.8
91.2
157.4
92.9
360.2
225.0
0.0538
0.0281
0.0527
0.0271
0.0897
0.0528
5813.2
5101.9
5786.0
5071.8
7240.3
6801.9
246.6
187.0
241.4
188.6
580.1
431.2
0.0437
0.0315
0.0430
0.0316
0.0827
0.0581
12670.2 11669.9
12679.5 11688.9
12123.2 10580.9
471.3
390.4
475.5
388.6
681.8
830.9
0.0378
0.0347
0.0381
0.0345
0.0589
0.0798
25756.5 25221.1
25859.5 25377.8
21699.3 19692.7
1309.6
1810.5
1294.7
1832.1
2497.0
1569.6
0.0409
0.0543
0.0406
0.0547
0.0885
0.0777
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45-54
55-64
65-74
75-84
85+

10,000
100

0
1-4
5-14
15-24
25-34
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1,000

Mortality Rate (/100,000)

10,000
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100

Mortality Rate (/100,000)
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Males

1900 1910 1920 1930 1940
Year

0
1-4
5-14
15-24
25-34
35-44

45-54
55-64
65-74
75-84
85+

Females

1900 1910 1920 1930 1940
Year

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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Males

1900 1910 1920 1930 1940
Year

0
1-4
5-14
15-24
25-34
35-44

45-54
55-64
65-74
75-84
85+

Females

1900 1910 1920 1930 1940
Year

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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Males

1900 1910 1920 1930 1940
Year

0
1-4
5-14
15-24
25-34
35-44

45-54
55-64
65-74
75-84
85+

Females

1900 1910 1920 1930 1940
Year

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 yearto-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. Everything is done just as described the main text, but the data come from a
balanced panel of states. This controls for the changing composition. Unfortunately, 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 projection 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 comparison 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 population, 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.
8 These

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 (Hetzel, 1997, p.59).
9 These 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.

Life expectancy, e(0) (years)

Life expectancy, e(0) (years)

Death Registration Area (1900–29)
(main text)
Death Registration Area (1910–29)
(this appendix, hatched pattern)
Death Registration States of 1910 (1910–29)
(this appendix, solid pattern)

Males
60
50
40
30
1900

1910

1920
Year

1930

1940

M
F
M
F
M
F

Total
pop’n
7.21
6.97
7.36
7.42
7.22
7.51

Whites
7.13
6.84
7.39
7.49
7.15
7.06

Nonwhites
5.28
5.27
3.82
5.21
4.88
9.39

Females
60
50
40
30
1900

1910

1920
Year

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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1930
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Life expectancy, e(0) (years)

Life expectancy, e(0) (years)
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Males
60
50
40
30
1900

1910

1920
Year

1930

Females
60
50
40
30

1940

1900

1910

1920
Year

1930

1940

1920
Year

1930

1940

Life expectancy, e(0) (years)

Life expectancy, e(0) (years)

Figure 9: Same as figure 8, but for whites only.

Males
60
50
40
30
1900

1910

1920
Year

1930

1940

Females
60
50
40
30
1900

1910

Figure 10: Same as figure 8, but for nonwhites only.

Acknowledgments
We thank Raiza Balancio for research assistance. We thank George Alter,
Shari Eli, Ryan D. Edwards, Price Fishback, Beth Jarosz, Ron Lee, David
27

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

Rehkopf and Stew Tolnay for suggestions and feedback. Especial thanks to
Leah Boustan for constructive criticism.

Works Cited
Aizer, Anna, Shari Eli, Joseph Ferrie, and Adriana
Lleras-Muney. 2016. “The long-run impact of
cash transfers to poor families.” American Economic Review 106(4):935–971. DOI: 10.1257/
aer.20140529.
Alexander, J. Trent. 1998. “The Great Migration
in comparative perspective: Interpreting the
urban origins of Southern black migrants to
depression-era Pittsburgh.” Social Science History
22(3):349–376. DOI: 10.2307/1171529.
Alexander, J. Trent, Christine Leibbrand, Catherine Massey, and Stewart Tolnay. 2017. “Secondgeneration outcomes of the Great Migration.”
Demography 54(6):2249–2271. DOI: 10.1007/
s13524-017-0625-8.
Amrhein, Valentin, Fränzi Korner-Nievergelt, and
Tobias Roth. 2017. “The earth is flat (p >
0.05): Significance thresholds and the crisis of
unreplicable research.” PeerJ 5:e3544. DOI:
10.7717/peerj.3544.
Andreeva, Mila and Magali Barbieri. 2017. “About
mortality data for United States.” http://www.
mortality.org/hmd/USA/InputDB/USAcom.pdf.
Angelini, Viola and Jochen O. Mierau. 2014. “Born
at the right time? Childhood health and the
business cycle.” Social Science & Medicine 109:35–
43. DOI: 10.1016/j.socscimed.2014.03.014.
Arthi, Vellore, Brian Beach, and W. Walker Hanlon.
2017. “Estimating the recession-mortality relationship when migration matters.” Working
Paper 23507, National Bureau of Economic Research. DOI: 10.3386/w23507.
Barbieri, Magali, John R. Wilmoth, Vladimir M
Shkolnikov, Dana Glei, Domantas Jasilionis,
Dmitri Jdanov, Carl Boe, Timothy Riffe, Pavel
Grigoriev, and Celeste Winant. 2015. “Data resource profile: The Human Mortality Database
(HMD).” International Journal of Epidemiology
44(5):1549–1556. DOI: 10.1093/ije/dyv105.
Beach, Brian, Joseph Ferrie, Martin Saavedra, and
Werner Troesken. 2016. “Typhoid fever, water
quality, and human capital formation.” Journal
of Economic History 76(1):41–75. DOI: 10.1017/
S0022050716000413.

Bell, William R. 1997. “Comparing and assessing
time series methods for forecasting age-specific
fertility and mortality rates.” Journal of Official
Statistics 13(3):279–303.
Black, Dan A., Seth G. Sanders, Evan J. Taylor, and
Lowell J. Taylor. 2015. “The impact of the Great
Migration on mortality of African Americans:
Evidence from the Deep South.” American Economic Review 105(2):477–503. DOI: 10.1257/
aer.20120642.
Boone, Christopher D. A. and Laurence
Wilse-Samson. 2015.
“Back to the land:
Farm mechanization and rural migration in the Great Depression.”
mimeo.
https://sites.google.com/site/chrisboone/
research/Boone_WilseSamson_2015.pdf.
Boustan, Leah and Robert A. Margo. 2016. “Racial
differences in health in the United States: A
long-run perspective.” In John Komlos and
Inas R. Kelly (eds.), The Oxford Handbook of Economics and Human Biology, chap. 36, pp. 730–
750. Oxford University Press, Oxford. DOI:
10.1093/oxfordhb/9780199389292.013.6.
Boustan, Leah Platt. 2017. Competition in the
promised land: Black migrants in northern cities
and labor markets. Princeton University Press,
Princeton.
Boustan, Leah Platt, Price V. Fishback, and Shawn
Kantor. 2010. “The effect of internal migration
on local labor markets: American cities during the Great Depression.” Journal of Labor Economics 28(4):719–746. DOI: 10.1086/653488.
Box, George E. P., Gwilym M. Jenkins, and Gregory C. Reinsel. 2008. Time series analysis: Forecasting and control. Wiley, Hoboken, NJ, fourth
ed.
Brenner, M. Harvey. 1971. “Economic changes
and heart disease mortality.” American Journal
of Public Health 61(3):606–611. DOI: 10.2105/
AJPH.61.3.606.
———. 1975. “Trends in alcohol consumption
and associated illnesses: Some effects of economic changes.” American Journal of Public
Health 65(12):1279–1292. DOI: 10.2105/AJPH.
65.12.1279.

28

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

———. 1979a.
“Unemployment, economic
growth, and mortality.” Lancet 313(8117):672.
DOI: 10.1016/S0140-6736(79)91116-4.
———. 1979b. “Mortality and the national economy: A review, and the experience of England
and Wales, 1936–76.” Lancet 314(8142):568–
573. DOI: 10.1016/S0140-6736(79)91626-X.
———. 1981.
“Unemployment and health.”
Lancet 318(8251):874–875.
DOI: 10.1016/
S0140-6736(81)91139-9.
———. 2005. “Commentary: Economic growth
is the basis of mortality rate decline in the
20th century — experience of the United States
1901–2000.” International Journal of Epidemiology
34(6):1214–1221. DOI: 10.1093/ije/dyi146.
Brillinger, David R. 1986. “The natural variability
of vital rates and associated statistics.” Biometrics 42(4):693–734. DOI: 10.2307/2530689.
Canudas-Romo, Vladimir. 2010. “Three measures
of longevity: Time trends and record values.”
Demography 47(2):299–312. DOI: 10.1353/dem.
0.0098.
Carter, Lawrence R. and Ronald D. Lee. 1992.
“Modeling and forecasting US sex differentials
in mortality.” International Journal of Forecasting
8(3):393–411. DOI: 10.1016/0169-2070(92)
90055-E.
Carter, Susan B., Scott Sigmund Gartner,
Michael R. Haines, Alan L. Olmstead, Richard
Sutch, and Gavin Wright (eds.). 2006. Historical
statistics of the United States: Earleist times to the
present. Cambridge University Press, New York.
Catalano, Ralph, Raymond W. Novaco, and
William McConnell. 2002. “Layoffs and violence revisited.” Aggressive Behavior 28(3):233–
247. DOI: 10.1002/ab.80003.

Collins, William J. and Marianne H. Wanamaker.
2014. “Selection and economic gains in the
Great Migration of African Americans: New evidence from linked census data.” American Economic Journal: Applied Economics 6(1):220–252.
DOI: 10.1257/app.6.1.220.
———. 2015. “The Great Migration in Black
and White: New evidence on the selection and
sorting of Southern migrants.” Journal of Economic History 75(4):947–992. DOI: 10.1017/
S0022050715001527.
Cowhig, James D. and Calvin L. Beale. 1964a. “Relative socioeconomic status of Southern whites
and nonwhites, 1950 and 1960.” Southwestern Social Science Quarterly 45(2):113–124. DOI:
10.2307/42867119.
———. 1964b. “Socioeconomic differences between white and nonwhite farm populations of
the South.” Social Forces 42(3):354–362. DOI:
10.2307/2575540.
Cutler, David and Grant Miller. 2005. “The role
of public health improvements in health advances: The twentieth-century United States.”
Demography 42(1):1–22. DOI: 10.1353/dem.
2005.0002.
Cutler, David M., Wei Huang, and Adriana LlerasMuney. 2016. “Economic Conditions and Mortality: Evidence from 200 Years of Data.” Working Paper 22690, National Bureau of Economic
Research. DOI: 10.3386/w22690.
Darby, Michael R. 1976. “Three-and-a-half million
U.S. employees have been mislaid: Or, an explanation of unemployment, 1934–1941.” Journal
of Political Economy 84(1):1–16. DOI: 10.1086/
260407.

Chiang, Chin Long. 1984. The life table and its applications. Robert E. Krieger Publishing, Malabar,
Florida.

Demeny, Paul and Paul Gingrich. 1967. “A reconsideration of Negro-white mortality differentials in the United States.”
Demography
4(2):820–837. DOI: 10.2307/2060320.

Cohen, Lizabeth. 1990. Making a new deal: Industrial
workers in Chicago, 1919–1939. Cambridge University Press, Cambridge.

Duffy, John. 1990. The sanitarians: A history of American public health. University of Illinois Press, Urbana.

Collins, William J. and Melissa A. Thomasson.
2004. “The declining contribution of socioeconomic disparities to the racial gap in infant
mortality rates, 1920–1970.” Southern Economic
Journal 70(4):746–776. DOI: 10.2307/4135271.

Easterlin, Richard A. 1999. “How beneficent
is the market? A look at the modern history of mortality.” European Review of Economic History 3(3):257–294. DOI: 10.1017/
S1361491699000131.

29

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

Edwards, Ryan. 2008.
“Who is hurt by
procyclical mortality?”
Social Science &
Medicine 67(12):2051–2058. DOI: 10.1016/j.
socscimed.2008.09.032.
Eichengreen, Barry. 2004. “Viewpoint: Understanding the Great Depression.” Canadian Journal of Economics 37(1):1–27. DOI: 10.1111/j.
0008-4085.2004.001_1.x.
Eichenlaub, Suzanne C., Stewart E. Tolnay, and
J. Trent Alexander. 2010. “Moving out but not
up: Economic outcomes in the Great Migration.” American Sociological Review 75(1):101–
125. DOI: 10.1177/0003122409357047.
Eldridge, Hope T. and Dorothy Swaine Thomas.
1964.
Population redistribution and economic
growth, United States, 1870–1950. III: Demographic
analyses and interrelations. American Philosophical Society, Philadelphia.
Eli, Shari and Laura Salisbury. 2016. “Patronage politics and the development of the welfare
state: Confederate pensions in the American
south.” Journal of Economic History 76(4):1078–
1112. DOI: 10.1017/S0022050716000966.
Elo, Irma T. 2001. “New African American life tables from 1935–1940 to 1985–1990.” Demography 38(1):97–114. DOI: 10.1353/dem.2001.
0002.
Elo, Irma T. and Samuel H. Preston. 1994. “Estimating African-American mortality from inaccurate data.” Demography 31(3):427–458. DOI:
10.2307/2061751.
Eriksson, Katherine and Gregory Niemesh. 2016.
“Death in the promised land: The Great Migration and black infant mortality.” mimeo. DOI:
10.2139/ssrn.3071053.
Eriksson, Katherine, Gregory T. Niemesh, and
Melissa Thomasson. 2017. “Revising infant
mortality rates for the early 20th century United
States.” NBER Working Paper 23263, National
Bureau of Economic Research. DOI: 10.3386/
w23263.
Ewbank, Douglas C. 1987. “History of black mortality and health before 1940.” Milbank Quarterly 65, Suppl. 1(1):100–128. DOI: 10.2307/
3349953.
Ferrie, Joseph P. and Werner Troesken. 2008. “Water and Chicago’s mortality transition, 1850–
1925.” Explorations in Economic History 45(1):1–
16. DOI: 10.1016/j.eeh.2007.06.001.

Fishback, Price, Xing Liu, and Jessamyn Schaller.
2018. “Black-white differences in access to
New Deal relief under the WPA in 1940 and the
FERA in 1933.” mimeo. Paper presented at XVIII
World Economic History Congress, Cambridge,
Mass.
Fishback, Price V., Michael R. Haines, and Shawn
Kantor. 2001. “The impact of the New Deal on
black and white infant mortality in the South.”
Explorations in Economic History 38(1):93–122.
DOI: 10.1006/exeh.2000.0759.
———. 2007. “Births, deaths, and New Deal relief during the Great Depression.” Review of Economics and Statistics 89(1):1–14. DOI: 10.1162/
rest.89.1.1.
Fishback, Price V., William C. Horrace, and Shawn
Kantor. 2006. “The impact of New Deal expenditures on mobility during the Great Depression.”
Explorations in Economic History
43(2):179–222. DOI: 10.1016/j.eeh.2005.03.
002.
Fligstein, Neil. 1981.
Going north: Migration
of blacks and whites from the south, 1900–1950.
Academic Press, New York. DOI: 10.1016/
C2013-0-10673-3.
Freedman, David. 1983. Brownian motion and diffusion. Springer, New York. DOI: 10.1007/
978-1-4615-6574-1.
Gauthier, Jason G. 2002.
Measuring America:
The decennial censuses From 1790 to
2000.
U.S. Census Bureau, Washington
DC.
http://www2.census.gov/library/
publications/2002/dec/pol_02-ma.pdf.
Gerdtham, Ulf-G. and Christopher J. Ruhm. 2006.
“Deaths rise in good economic times: Evidence
from the OECD.” Economics and Human Biology 4(3):298–316. DOI: 10.1016/j.ehb.2006.
04.001.
Goldman, Lee and E. Francis Cook. 1984. “The decline in ischemic heart disease mortality rates:
An analysis of the comparative effects of medical interventions and changes in lifestyle.” Annals of Internal Medicine 101(4):825–836. DOI:
10.7326/0003-4819-101-6-825.
Gordon, Linda. 1994. Pitied but not entitled: Single
mothers and the history of welfare. The Free Press,
New York.

30

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

Gregory, James N. 2005. The Southern diaspora: How
the great migrations of Black and White Southerners
transformed America. University of North Carolina Press, Chapel Hill.
Gutmann, Myron P., Daniel Brown, Angela R.
Cunningham, James Dykes, Susan Hautaniemi
Leonard, Jani Little, Jeremy Mikecz, Paul W.
Rhode, Seth Spielman, and Kenneth M.
Sylvester. 2016. “Migration in the 1930s: Beyond the Dust Bowl.” Social Science History
40(4):707–740. DOI: 10.1017/ssh.2016.28.
Haaland, Venke Furre and Kjetil Telle. 2015. “Procyclical mortality across socioeconomic groups
and health status.” Journal of Health Economics
39:248–258. DOI: 10.1016/j.jhealeco.2014.
08.005.
Haines, Michael R. 2006. “Mississippi population
by race, sex, age, nativity, and urban-rural residence: 1800–1990.” In Carter et al. (2006). Table Aa4305-4401.
He, Monica M. 2016. “Driving through the Great
Recession: Why does motor vehicle fatality decrease when the economy slows down?” Social
Science & Medicine 155:1–11. DOI: 10.1016/j.
socscimed.2016.02.016.
Hetzel, Alice M. 1997. “U.S. vital statistics system:
Major activities and developments, 1950–95.”
DHHS Publication No. (PHS) 97-1003, National
Center for Health Statistics, Hyattsville, MD.
Hill, Mark E., Samuel H. Preston, Irma T. Elo, and
Ira Rosenwaike. 1997. “Age-linked institutions
and age reporting among older African Americans.” Social Forces 75(3):1007–1030. DOI:
10.2307/2580528.
Hornseth, Richard A. and Mildred R. Stanback.
1954. “Estimates of the population of the
United States and of the components of change,
by age, color, and sex: 1940 to 1950.” Current Popuilation Reports: Population Estimates P25(98):1–20. Bureau of the Census.
Jayachandran, Seema, Adriana Lleras-Muney, and
Kimberly V. Smith. 2010. “Modern medicine
and the twentieth century decline in mortality: Evidence on the impact of sulfa drugs.”
American Economic Journal: Applied Economics
2(2):118–146. DOI: 10.1257/app.2.2.118.
Karpinos, Bernard D. 1939. “The true growth of the
Negro population in the United States.” American Journal of Hygiene 30-§A(3):79–89. DOI:
10.1093/oxfordjournals.aje.a118569.

———. 1946. “Use of life table death rates
for comparative mortality.”
Human Biology
18(2):127–131.
Keyfitz, Nathan. 1985. Applied mathematical demography. Springer, New York, second ed. DOI:
10.1007/978-1-4757-1879-9.
Khan, Shaila, Robert P. Murray, and Gordon E.
Barnes. 2002. “A structural equation model of
the effect of poverty and unemployment on alcohol abuse.” Addictive Behaviors 27(3):405–423.
DOI: 10.1016/S0306-4603(01)00181-2.
Kitagawa, Evelyn M. and Philip M. Hauser. 1973.
Differential mortality in the United States: A study
in socioeconomic epidemiology. Harvard University
Press, Cambridge.
Lee, Ronald. 2000. “The Lee-Carter method for
forecasting mortality, with various extensions
and applications.” North American Actuarial Journal 4(1):80–91. DOI: 10.1080/10920277.2000.
10595882.
Lee, Ronald D. 1992. “Stochastic demographic
forecasting.” International Journal of Forecasting
8(3):315–327. DOI: 10.1016/0169-2070(92)
90050-J.
Lee, Ronald D. and Lawrence R. Carter. 1992.
“Modeling and forecasting U.S. mortality.”
Journal of the American Statistical Association
87(419):659–671.
DOI: 10.1080/01621459.
1992.10475265.
Lerner, William (ed.). 1975. Historical Statistics of the
United States: Colonial times to 1970. U.S. Bureau
of the Census, Washington, DC.
Lesch, John E. 2007. The first miracle drugs: How the
sulfa drugs transformed medicine. Oxford University Press, Oxford.
Lewis, Earl. 1991. “Expectations, economic opportunities, and life in the industrial age: Black
migration to Norfolk, Virginia, 1910–1945.” In
Joe William Trotter, Jr. (ed.), The Great Migration in historical perspective: New dimensions of race,
class, and gender, pp. 22–45. Indiana University
Press, Bloomington.
Li, Jackie. 2013. “A Poisson common factor model
for projecting mortality and life expectancy
jointly for females and males.” Population Studies
67(1):111–126. DOI: 10.1080/00324728.2012.
689316.

31

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

Li, Nan and Ronald Lee. 2005. “Coherent mortality forecasts for a group of populations: An extension of the Lee-Carter method.” Demography
42(3):575–594. DOI: 10.1353/dem.2005.0021.
Lieberson, Stanley. 1980. A piece of the pie: Blacks and
white immigrants since 1880. University of California Press, Berkeley.
Linder, Forrest E. and Robert D. Grove. 1943. Vital statistics rates in the United States, 1900–1940.
United States Department of Commerce: Bureau of the Census, Washington DC.
Link, Bruce G. and Jo Phelan. 1995. “Social conditions as fundamental causes of disease.” Journal
of Health and Social Behavior Extra Issue:80–94.
DOI: 10.2307/2626958.
Lo, Ernest, Dan Vatnik, Andrea Benedetti, and
Robert Bourbeau. 2016. “Variance models of
the last age interval and their impact on life expectancy at subnational scales.” Demographic Research 35(15):399–454. DOI: 10.4054/DemRes.
2016.35.15.
Margo, Robert A. 2016. “Obama, Katrina, and
the persistence of racial inequality.” Journal of
Economic History 76(2):301–341. DOI: 10.1017/
S0022050716000590.
Massey, Douglas S. and Nancy A. Denton. 1993.
American apartheid: Segregation and the making of
the underclass. Harvard University Press, Cambridge.
McKee, Martin and Marc Suhrcke. 2005. “Commentary: Health and economic transition.” International Journal of Epidemiology 34(6):1203–
1206. DOI: 10.1093/ije/dyi144.
Miller, Douglas L., Marianne E. Page, Ann Huff
Stevens, and Mateusz Filipski. 2009. “Why are
recessions good for your health?” American Economic Review: Papers and Proceedings 99(2):122–
27. DOI: 10.1257/aer.99.2.122.
Mitra, S. 1979. “The effects of extra chances to
live on life table functions.” Theoretical Population Biology 16(3):315–322. DOI: 10.1016/
0040-5809(79)90020-0.
Myers, Robert J. 1941. “A further note on the
true growth of the Negro population.” American Journal of Hygiene 33-§A(1):13–15. DOI:
10.1093/oxfordjournals.aje.a118687.

Noelke, Clemens and Jason Beckfield. 2014. “Recessions, job loss, and mortality among older
US Adults.” American Journal of Public Health
104(11):e126–e134. DOI: 10.2105/AJPH.2014.
302210.
Norström, Thor. 2007. “Alcohol consumption and
all-cause mortality in the United States, 1950–
2002.” Contemporary Drug Problems 34(3):513–
524. DOI: 10.1177/009145090703400309.
Noymer, Andrew and Viola Van. 2014.
“Divergence without decoupling: Male and female life expectancy usually co-move.” Demographic Research 31(51):1503–1524. DOI: 10.
4054/DemRes.2014.31.51.
Oeppen, Jim and James W. Vaupel. 2002. “Broken limits to life expectancy.”
Science
296(5570):1029–1031. DOI: 10.1126/science.
1069675.
Pollard, J. H. 1982. “The expectation of life and
its relationship to mortality.” Journal of the Institute of Actuaries 109(2):225–240. DOI: 10.1017/
S0020268100036258.
Preston, Samuel H. and Irma T. Elo. 2006. “Black
mortality at very old ages in official US life tables: A skeptical appraisal.” Population and Development Review 32(3):557–565. DOI: 10.1111/
j.1728-4457.2006.00137.x.
Preston, Samuel H., Irma T. Elo, Andrew Foster,
and Haishan Fu. 1998. “Reconstructing the size
of the African American population by age and
sex, 1930–1990.” Demography 35(1):1–21. DOI:
10.2307/3004023.
Preston, Samuel H., Irma T. Elo, Mark E. Hill,
and Ira Rosenwaike. 2003.
The demography of African Americans 1930–1990. Kluwer,
Dordrecht, Netherlands.
DOI: 10.1007/
978-94-017-0325-3.
Preston, Samuel H., Irma T. Elo, Ira Rosenwaike,
and Mark Hill. 1996. “African-American mortality at older ages: Results of a matching
study.” Demography 33(2):193–209. DOI: 10.
2307/2061872.
Price, Daniel O. 1947. “A check on underenumeration in the 1940 Census.” American Sociological
Review 12(1):44–49. DOI: 10.2307/2086489.

32

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

Raftery, Adrian E., Nevena Lalic, and Patrick Gerland. 2014. “Joint probabilistic projection of female and male life expectancy.” Demographic Research 30(27):795–822. DOI: 10.4054/DemRes.
2014.30.27.
Ruhm, Christopher J. 2000.
“Are recessions
good for your health?”
Quarterly Journal
of Economics 115(2):617–650. DOI: 10.1162/
003355300554872.
———. 2007. “A healthy economy can break your
heart.” Demography 44(4):829–848. DOI: 10.
1007/BF03208384.
———. 2015. “Recessions, healthy no more?”
Journal of Health Economics 42:17–28. DOI: 10.
1016/j.jhealeco.2015.03.004.
———. 2016. “Health effects of economic crises.”
Health Economics 25(Suppl. 2):6–24. DOI: 10.
1002/hec.3373.
Sameem, Sediq and Kevin Sylwester. 2017. “The
business cycle and mortality: Urban versus rural counties.” Social Science & Medicine 175:28–35.
DOI: 10.1016/j.socscimed.2016.12.023.
Schoen, Robert. 1970. “The geometric mean of
the age-specific death rates as a summary index
of mortality.” Demography 7(3):317–324. DOI:
10.2307/2060150.
Schwartz, Joel and Douglas W. Dockery. 1992.
“Increased mortality in Philadelphia associated
with daily air pollution concentrations.” American Review of Respiratory Disease 145(3):600–604.
DOI: 10.1164/ajrccm/145.3.600.
Seeman, Teresa, Duncan Thomas, Sharon Stein
Merkin, Kari Moore, Karol Watson, and Arun
Karlamangla. 2018. “The Great Recession worsened blood pressure and blood glucose levels
in American adults.” Proceedings of the National
Academy of Sciences of the United States of America 115(13):3296–3301. DOI: 10.1073/pnas.
1710502115.
Shang, Han Lin. 2016. “Mortality and life expectancy forecasting for a group of populations in developed countries: A multilevel functional data method.” Annals of Applied Statistics
10(3):1639–1672. DOI: 10.1214/16-AOAS953.
Shang, Han Lin, Heather Booth, and Rob J. Hyndman. 2011. “Point and interval forecasts of mortality rates and life expectancy: A comparison

of ten principal component methods.” Demographic Research 25(5):173–214. DOI: 10.4054/
DemRes.2011.25.5.
Stevens, Ann H., Douglas L. Miller, Marianne E.
Page, and Mateusz Filipski. 2015. “The best of
times, the worst of times: Understanding procyclical mortality.” American Economic Journal:
Economic Policy 7(4):279–311. DOI: 10.1257/
pol.20130057.
Stuckler, David, Chris Meissner, Price Fishback,
Sanjay Basu, and Martin McKee. 2013. “Was
the Great Depression a cause or correlate of
significant mortality declines? An epidemiological response to Granados.” Journal of Epidemiology and Community Health 67(5):467. DOI:
10.1136/jech-2012-201903.
Stuckler, David, Christopher Meissner, Price Fishback, Sanjay Basu, and Martin McKee. 2012.
“Banking crises and mortality during the Great
Depression: Evidence from US urban populations, 1929–1937.” Journal of Epidemiology and
Community Health 66(5):410–419. DOI: 10.
1136/jech.2010.121376.
Sullivan, Daniel and Till von Wachter. 2009. “Job
displacement and mortality: An analysis using
administrative data.” Quarterly Journal of Economics 124(3):1265–1306. DOI: 10.1162/qjec.
2009.124.3.1265.
Tapia Granados, José A. 2005a. “Increasing mortality during the expansions of the US economy,
1900–1996.” International Journal of Epidemiology
34(6):1194–1202. DOI: 10.1093/ije/dyi141.
———. 2005b. “Response: On economic growth,
business fluctuations, and health progress.” International Journal of Epidemiology 34(6):1226–
1233. DOI: 10.1093/ije/dyi207.
Tapia Granados, José A. 2012. “Bank failures, mortality and the Great Depression.” Journal of Epidemiology and Community Health 66(5):477–478.
DOI: 10.1136/jech-2011-200721.
———. 2013. “Health and the Great Depression:
A reply to Stuckler et al.” Journal of Epidemiology
and Community Health 67(12):1073–1074. DOI:
10.1136/jech-2013-202719.
Tapia Granados, José A. and Ana V. Diez Roux.
2009. “Life and death during the Great Depression.” Proceedings of the National Academy
of Sciences of the United States of America
106(41):17,290–17,295. DOI: 10.1073/pnas.
0904491106.

33

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

Tapia Granados, José A. and Edward L. Ionides.
2017. “Population health and the economy:
Mortality and the Great Recession in Europe.”
Health Economics 26(12):e219–e235. DOI: 10.
1002/hec.3495.

Kristina Sundquist. 2017. “Mortality and the
business cycle: Evidence from individual and
aggregated data.” Journal of Health Economics
56:61–70. DOI: 10.1016/j.jhealeco.2017.09.
005.

Tate, Steven, Jamie J. Namkung, and Andrew
Noymer. 2016. “Did the 1918 influenza cause
the twentieth century cardiovascular mortality
epidemic in the United States?” PeerJ 4:e2531.
DOI: 10.7717/peerj.2531.

Vaupel, J. W. 1986.
“How change in agespecific mortality affects life expectancy.” Population Studies 40(1):147–157. DOI: 10.1080/
0032472031000141896.

Tolnay, Stewart E. 1999. The bottom rung: African
American family life on Southern farms. University
of Illinois Press, Urbana.
Troesken, Werner. 2002. “The limits of Jim Crow:
Race and the provision of water and sewerage
services in American cities, 1880–1925.” Journal of Economic History 62(3):734–772. DOI:
10.1017/S0022050702001067.
U.S. Bureau of the Census. 1946. Sixteenth Census of
the United States, 1940: Population, internal migration, 1935 to 1940. Government Printing Office,
Washington DC.
U.S. Department of Health, Education, and Welfare. 1956. “Death rates by age, race, and sex.
United States, 1900–1953: Selected Causes.”
Vital Statistics – Special Reports 1–31, National
Office of Vital Statistics, Washington DC.
Vallin, Jacques and France Meslé. 2009. “The segmented trend line of highest life expectancies.”
Population and Development Review 35(1):159–
187. DOI: 10.1111/j.1728-4457.2009.00264.
x.
van den Berg, Gerard J., Ulf G. Gerdtham,
Stephanie von Hinke, Maarten Lindeboom,
Johannes Lissdaniels, Jan Sundquist, and

Vernon, J. R. 1991. “The 1920–21 deflation: The
role of aggregate supply.” Economic Inquiry
29(3):572–580. DOI: 10.1111/j.1465-7295.
1991.tb00847.x.
Wallis, John Joseph. 1989. “Employment in the
Great Depression: New data and hypotheses.” Explorations in Economic History 26(1):45–
72. DOI: 10.1016/0014-4983(89)90004-1.
Wicker, Elmus R. 1966. “A reconsideration of Federal Reserve policy during the 1920–1921 depression.” Journal of Economic History 26(2):223–
238. DOI: 10.1017/S0022050700068674.
Wilmoth, John R. 1995. “Are mortality projections always more pessimistic when disaggregated by cause of death?” Mathematical Population Studies 5(4):293–319. DOI: 10.1080/
08898489509525409.
Wilson, Edwin B. 1938. “The standard deviation
of sampling for life expectancy.” Journal of the
American Statistical Association 33(204):705–708.
DOI: 10.1080/01621459.1938.10502348.
Zelnik, Melvin. 1969. “Age patterns of mortality of American Negroes: 1900–02 to 1959–
61.” Journal of the American Statistical Association 64(326):433–451. DOI: 10.1080/01621459.
1969.10500986.

34

