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L. Introduction

As measured by labor force participation rates or average weekly hours, the 1940's were a period
of large and rapid changes of civilian work activity in the United States. As shown in the dashed lines in
Figure 1, civilian employment grew from 49 million in 1940 to 55 million in 1944 - while the
“employment" by the armed forces had grown from less than 1 million to over 11 million (Kendrick 1961,
Table A-VI; Conference Board 1950, p. 165). As shown by the solid line, increased labor force
participation by women was an important contributor to the growth in employment; the female participation
rate grew from 28% in 1940 to almost 37% in 1944 - an increase of about S million workers (Rupp 1978).
The labor force participation of men was also substantially higher during the war and nearly all age groups
of men and women contributed a large number of members to the labor force.’

Not only were there an unprecedented number of workers during World War II, but, on average,
each worker worked more hours in 1944 than did prewar and postwar workers. Figure 1 displays average
weekly hours as a dotted line for all civilian workers and as a dash-dot line for production workers in
manufacturing. Hours per week for all civilian workers grew from 43.9 in 1940 to 47.0 in 1944 and then
fell back to 42.0 in 1948 (Kendrick, Tables A-X & A-VI). A wide variety of industries experienced a
wartime increase in hours, including mining, telephone communications, wholesale trade, railroads,
furniture manufacturing, meat packing, paper products, and printing (CB, p. 340; BLS 1963). Some of
these industries, such as wholesale trade and paper products, had even experienced a wartime decrease

in employment due to the movement of workers to manufacturing industries.

'Because some men were drafted and it is difficult to determine the age of military personnel,
standard measures of the voluntary participation rates of men are difficult to construct. The Bureau of
Labor Statistics (1945b) estimates that the extra wartime workers (including the military) came in
roughly equal numbers from both genders. 40% of wartime labor force entrants were boys and girls
aged 14-19 (roughly half of these were boys in the military), although their contribution to aggregate
civilian manhours was somewhat less because of their greater propensity to work part time. 35% of
entrants were men and women aged 20-44 and 20% were aged 45-54. 5% of wartime entrants, mainly
men, were aged 65+
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Figure 1 Components of Labor Supply, 1940-50

The dynamics of work during WWII can be seen in a broader historical perspective in Figure 2.
In the 50 years since WWII, average weekly hours has never returned to its wartime level (BEA, various
issues).” Female labor force participation did achieve levels of 37% and higher, but this was not until about
1960.° The high wartime participation of elderly men was a substantial interruption of a downward long
term trend (hitp://www.bls.gov/). Moreover, the figure shows that WWII introduces a major interruption
into the long run trends of these three series - interruptions whose magnitudes have not been paralleled

since.

*Prior to 1939, it is more difficult to obtain consistent measures of labor supply. For some
studies of pre-1939 data, see Kendrik ( 1961) and Goldin (1990).

’The definition of labor force participation has changed during the postwar period, mainly with
respect to the inclusion of younger women. The labor force participation rate of women aged 14 and
older was 36.5% in 1944 (Rupp 1978, p. 188). Goldin (1990) reports of participation rate for women
aged 15 and older of 35.1% in 1960. The participation rate in the same year for women aged 20 and
older was 37.6% (Citibase series LHFP20).
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Figure 2 Hours per Week and Female Labor Force Participation, 1939-75

It seems to be fairly obvious that an explanation of these changes should begin with the war. For
one thing, a massive reallocation of resources from private to public use occurred during the period 1942-
1945 in the U.S. Total government expenditures reached almost 50% of GNP in 1943 and 1944 compared
to 18% only three years earlier. Since real GNP grew at a 15% annual rate from 1940-1944, and fell 23%
over the next two years,* even these GNP fractions understate the magnitude of wartime government
activity. Military employment in 1944 totaled 11% of the population aged 16+ and 17% of the labor force
(Council of Economic Advisers, various issues; Census Bureau 1975 series HS-904).

But what is the link between the war and the changes in work activity? Economics explains the

mechanics of resource allocation in market economies with “price” and “wealth” effects. According to the

“The exact numbers depend on the method used to estimate national product and its deflator
(see Kuznets (1945) and Rockoff (1978) for discussions), but the basic conclusion that wartime
government spending and GNP were substantially higher is robust.
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theory, a government affects the allocation of resources by changing its tax policy as well as the size and
composition of its spending. The changes in tax and spending policies together with the adjustment of
prices change the budget sets of agents in the economy which then motivate changes in behavior such as
more work effort and more saving. The important - and powerful - hypothesis of economic analysis is that
only changes in budget sets can change behavior in a market economy.

This paper argues that most dimensions of labor supply during the period - the dynamics of hours
per worker and the dynamics of labor force participation - cannot be readily explained by changes in budget
sets. The main reason for my result is the historically unparalleled Federal Individual Income Tax (IIT)
changes which, according to the standard models, should have been a very important work disincentive for
wartime work. Section II outlines the basic economic theory. Although wartime money wages and pre-tax
real wages may have been abnormally high, Section III shows that several aggregate measures of after-tax
real wages are at their lowest during WWIIL Section IV presents a variety of evidence suggesting that the
dynamics of the aggregate wage and tax measures are representative of micro-level wage changes, with
perhaps the exception of single women. The possibility that, relative to expectations, wages and prices may
have been high during WWII is considered in Sections V and VI. Section VII considers the possibility that
the nonmarket value of time fell during WWIL Section VIII shows that several potential wealth effects of
the wartime activity cannot explain the dynamics of work activity during the period. Rationing, involuntary
unemployment, and liquidity constraints are three less elementary pecuniary explanations that are examined
in Section IX. Changing discrimination is briefly analyzed in Section X. An appendix works out some

theoretical implications of a particular dynamic model of consumption and labor supply.

IL An Outline of the Basic Economic Theory

The basic hypothesis of the standard economic analysis is that only changes in budget sets can
change behavior in a market economy. This hypothesis holds in the static textbook model of the
consumption-leisure choice, but it holds in a great many extensions of that model including the dynamic
models of Ghez and Becker (1975), the dynamic discrete choice models of Blinder and Weiss (1976) or
Heckman and MaCurdy (1980), or the dynamic stochastic general equilibrium models of Aiyagari et al
(1992), Barro (1981b), Baxter and King (1993), Braun and McGrattan (1993), Hall (1980), and others.

A. Relative Labor Supply Function, Homothetic Ti ime-Separable Case
The theory emphasizes four distinctions, distinctions which are an important guide for the empirical

analysis: (1) labor supply vs. labor demand, (2) total vs. civilian work activity, (3) pre-tax vs. after-tax
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wages, and (4) anticipated vs. unanticipated changes. General equilibrium models include analyses of both
labor supply and labor demand as well as integrating the two with analyses of credit markets and the
government budget constraint. Although there are many pieces of the standard general equilibrium models
which I find to be inconsistent with the wartime experience, this paper focuses on only one of those pieces:
the voluntary supply of labor. I denote the date t voluntary supply of labor, relative to trend, by n,.’ Since
I'seek to explain the abnormal wartime labor rather than the general level of labor supply during peacetime,
I consider the ratio n/n,, where t and s are two different dates such as a wartime year and a peacetime year,
two wartime years, or two peacetime years. The basic theory explains n/n, in terms of the budget sets of

workers:

¢

—frudv

n, w,

L =F e [0,0,X, X, I, I-I| t>s
n 8

s v 1

with F(1,8,0,X,X,1,0) =1 for any (6,X, 1)

W, = date t after-tax real wage, relative to trend

I, = date v instantaneous real interest rate, relative to “normal”
B, = other date t determinants of budget sets

X, = date t demographic characteristics, relative to trend

I = information available as of date t

L-1, = information that arrives between dates t and s

n,, w,, X, are defined relative to trend and r relative to “normal” or “typical” real interest rates.® The
dependence of the relative labor supply function F on the relative present value of date t and s wages is
consistent with a time separable homothetic utility function. The assumption of F(1,6,,6,, X, X,1.,0)=1 for

any (8,1,X)) is a “stationarity” assumption: labor supply does not deviate from trend unless after-tax real

’n, can denote annual hours supplied by a family or it can denote a particular dimension of labor
supply such as weekly hours, weeks per year, or the participation decision of a particular family
member. See also subsection II.C.

*Removing trends from the economic variables places the least constraints on the basic theory
(which would otherwise have to explain the trends too). Both data with and without trends are
analyzed in empirical sections of the paper.
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wages deviate from trend, real interest rates deviate from normal, demographic characteristics deviate from
trend, or information changes.’

Two particularly relevant determinants of a worker's budget set is the after-tax real wage at dates
s and t. The ratio of w, and w, is therefore included as the first argument of the relative labor supply
function F, although w, is discounted to reflect the possibility that workers may have opportunities to
borrow or lend. w, and w; are supply prices and, under the assumption that any individual worker does not
derive any benefit from paying taxes, are net of any labor income tax payments.

B, is a vector of other date t determinants of the budget set such as nonlinear wage and tax
schedules, liquidity constraints, nonlinear savings technologies, insurance opportunities, or discrimination.
X, is a vector of demographic characteristics which affect the value of leisure at each date, such as
household composition. I represents the information available about future wages, taxes, asset returns,
liquidity constraints, and other variables constraining future choices. The inclusion of the term I, - I, reflects
the fact that information might change between dates t and s and that could affect the ratio n/n,. The shape

of the function F is determined by the preferences of the worker.

B. Candidate Explanations from the Theory

Although a quite general specification of preferences may yield few predictions for the arguments
and derivatives of the relative labor supply function F, one expects the relative wage w,/w;, to increase
relative supply. Supposing that leisure is a normal good, we also expect good (bad) news about lifetime
resources to decrease (increase) labor supply at date t relative to date s. The effects of the other arguments
of F are somewhat less obvious, but their inclusion in the relative supply function F suggests a number of
potential “pecuniary” explanations for the increase in labor supply at the beginning of the war and/or the

decrease at the end:

- [r,dv

v

(i) wartime after-tax real wages were relatively high (ie, 2 e * # 1 fortwarands
w

s

peace)

~frdv

v

(i1) wartime real interest rates were higher than normal (ie, ¢ * # 1 fortwarand s
peace)
(i) the beginning of the war was bad news about lifetime wealth while the end was good news

(le> It * Is)

’See the Appendix for a dynamic stochastic labor supply model consistent with our
assumptions about the relative labor supply function F.
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(iv) demographic changes (such as the absence of draftees from the home) shifted the demand
for leisure (ie, X, * X,)

(v) consumption rationing shifted the wartime demand for leisure (ie, 6, # 0,)

(vi) wartime precautionary savings motives reduced the wartime demand for leisure (ie, 6, #
6,

(vi)  much of the peacetime unemployment is “involuntary” (ie, 0, » 8,)

(viii)  discrimination constrained the voluntary choices of some potential workers, and that

discrimination was different during wartime (ie, 6, » 0,

Although perhaps not exhaustive, the list (i)-(viii) contains many of the explanations that might be
derived from the standard economic model of labor supply.® The balance of this paper reviews available
evidence from the 1940's and discusses how each of the explanations (i)-(viii) may or may not be consistent

with the facts.

C. Margins of Labor Supply and “Kinks” in the Budget Constraint

The set of feasible choices of consumption and leisure at different dates can be nonlinear. A
progressive labor income tax is one source of nonlinearities. Under some circumstances, overtime pay is
also evidence of a nonlinear budget constraint.’ Such nonlinearities are denoted 6, above and, when they
change over time, can cause the relative labor supply n/n, to differ from one. F urthermore, changes in the
nonlinearities have different predictions for the relative labor supply along different margins. For example,
changes in employer overtime policies (to the extent they are associated with actual changes in the set of
feasible consumption-leisure allocations) will differentially affect weekly hours by primary household
workers and the participation decision of secondary household workers. Or a change in the progressivity
of the labor income tax will differentially affect weekly hours, the participation decision of primary

workers, and the participation decision of secondary workers.

D. Voluntary Labor Supply and Civilian vs Total Labor Force

*Implications that can be derived from nonhomothetic or time inseparable models might also be
added to the list, although such models are less often used in practice (see Goldin (1991) for one
exception).

*Trejo (1991) shows that, when an overtime pay schedule is legislated by the government,
overtime pay need not be evidence of a nonlinear budget constraint when employers and employees
Jointly contract over weekly hours and earnings.
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Since the basic economic model clearly applies to voluntary labor supply and some young men
were involuntarily drafted into military service, one has to be careful about measuring voluntary labor
supply in the 1940s. One measure of labor supply that is faithful to the theory is civilian manhours as a
fraction of available civilian manhours.”® Another measure is the civilian manhours worked by individuals
who were never involved with military service in the 1940s. Yet another measure is the labor force
participation rate of the elderly. By any of the three measures, there was a dramatic increase in voluntary
labor supply during the war. In 1944, for example, military employment was over 11 million people while
civilian employment was 55 million - only slightly below the 1940-48 trend (CB, p. 165). This means that
roughly 10 million civilians were employed who would not have been if military employment were zero
and civilian employment followed its trend. As another example, consider the female labor force
participation rate which grew from 28% in 1940 to almost 37% in 1944 (an increase of about 5 million
female workers) and then returned to 31% in 1948. The labor force participation rate of men aged 65+
grew from 44.1 in 1940 to almost 52.3% in 1944 and then returned to 46.8% in 1948,

E. Expectations and the Dynamics of Voluntary Labor Supply

Although intertemporal tradeoffs may have important effects on decision-making, consumption,
leisure, and savings decisions are made sequentially over time and may deviate from “plans” when new
information arrives. “Unfulfilled expectations” are discussed in more detail in Sections V and VI, but even
a cursory analysis of expectations suggests that a comparison of “war” and “peace” may be very different
if the “peace” precedes the war rather than following it. Wars are presumably known to be of rather limited
duration and thereby expected to be followed by peacetime conditions in the relatively near future, while
citizens of the late 1930's may not have anticipated that such a large scale war was imminent. For this
reason, wartime work and other variables are compared with b0tk prewar and postwar measures. Although
much of the data presented spans the entire period 1939-50, 1940, 1944, and 1948 are three benchmark
years which receive particular attention in the paper.

Five other considerations also motivate my choice of the benchmark years 1940, 1944, and 1948.
First, the war was fought for the entire year of 1944 (as compared to 1945) and, in terms of government
spending and military employment, the 1944 level of activity was indicative of 1943 and 1945, Because

the economic forces relevant for explaining the economic dynamics of the 1940's are not necessarily related

"“U.S. civilians worked voluntarily. They were not required by law to join the labor force or to
work in a certain occupation or industry, although some additional paperwork was required to move
out of 35 “essential” industries (Vawter 1983). Unlike some other countries the U.S. did not require
women to register with a national employment agency or draft them into compulsory national services
(Women's Bureau, August 1942 p. 5 and May 1994 p. 19)
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to those forces determining long run trends, it is algebraically convenient that 1940 and 1948 are equally
spaced on the timeline on either side of 1944. Second, to the extent that a Great Depression year is not
typical of “peacetime” economic activity, 1940 and 1941 are the prewar years that are furthest from the
depths of the Great Depression. 1941 has the disadvantage that, although war had not formally been
declared, government spending had already begun to increase to wartime levels. Fourth, 1948 has
advantages over 1946 and 1947 as a postwar benchmark year because wartime price controls had been
removed and wartime government activity was largely complete. Fifth, 1940 and 1948 are the peacetime

years closest to the war which did not have the extraordinarily high wartime marginal Federal IIT Rates.

F. Other Successes of the Basic Theory

Although I show that the basic theory cannot explain the extraordinary civilian work during WWII,
itis true that the basic theory has successfully explained a variety of other behavior and that a number of
economists claim that it can explain WWII as well. Ghez and Becker (1975) and others suggest that the
basic theory can qualitatively explain variations in labor supply over the life cycle as a response to changes
in the value of time while Hall (1991) and Mulligan (1995) suggest that the theory can explain both the
direction and magnitude of intertemporal labor fluctuations over the life cycle, the seasonal cycle, the
business cycle, and a variety of other temporary wage fluctuations. Modigliani and Sterling (1983) claim
that the theory can explain cross-country differences in social security regulations and labor force
participation of the elderly. As yet another example, Finis Welch (1997) explains changes over time in the
level and cross-sectional distribution of annual hours worked by prime aged men by the changes in the level
and cross-sectional distribution of wages.

Although there have been some results in the literature that seem inconsistent with the basic theory
(eg., MaCurdy (1982) and some studies surveyed by Pencavel (1986), the peacetime empirical record is
encouraging for those who conjecture that the theory might also explain WWIL. Barro (1981b, 1993),
Braun and McGratten (1993), and Ohanian (1997) work out a dynamic general equilibrium model to
explain wartime work and other behavior in which high wartime real interest rates produce the change in
worker's budget sets that motivate increases in labor supply early in the war and decreases at the end of the
war. Braun and McGratten (1993), Friedman (1976, p. 207-8), Lucas and Rapping (1969, p. 25), and Puth
(1988, p. 522) also explain the high wartime work activity with high wartime pretax real wages. Some
economic historians such as Walton and Rockoff (1994, p. 560) or Puth (1988, p. 521) also use Keynesian
models of unemployment to explain some of the changes in work activity. Iintend to show that little or
none of the evidence from this period is consistent with these and other pecuniary explanations derived

from the basic theory.
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1. Aggregated Measures of After-tax Real Wages

An explanation that would be harmonious with modern discussions of labor supply by labor and
macro economists would be some combination of intratemporal and intertemporal substitution of work by
households who enjoy temporarily high wages during the war period. The basic idea behind this
explanation is that higher wages make leisure time during the war expensive relative to future leisure and
perhaps also relative to current consumption. Indeed, wartime money wages were impressive relative to
prewar wages: average hourly civilian compensation grew from $0.57 in 1940 to $0.98 in 1944 (Kendrick
Table A-X; ERP 1988 Table B-24). Although impressive relative to the prewar figure, $0.98 is not so
impressive compared to the corresponding figure for 1948, $1.39. When computed in 1940 dollars,
however, wartime average hourly civilian compensation was $0.78 in 1944 - almost as large as the $0.81

in 1948 and well above the trend for the 1940's.

I A. Wartime Tax Hikes

Although the real wages computed above may be relevant for the demand for labor, the standard
theory predicts that voluntary labor supply depends on after-tax real wages. This prediction is troubling
for wage-based explanations of WWII labor supply because the largest increase in marginal labor income
tax rates (in terms of their effect on the marginal after-tax share of pretax earnings) in American history
occurred in the early 1940s while the largest marginal tax rate cuts occurred in the late 1940's."" These tax
changes overwhelm wartime increases in pretax real wages, at least as measured with aggregate data.
According to the calculations of Barro and Sahasakul (1986), the average marginal labor income tax rate
increased from 6.1% in 1940 to 25.5% in 1944 and then falling back to 18.3% in 1948.

Figure 3 displays after-tax hourly earnings of three categories of workers for the years 1939-48.
Aggregate period t after tax wages for category i (w,) are computed from money wages (W,,), the CPI (P),

and the individual income and social security tax rules according to the formula below:
__w - =
we= (-0, T =T e Qy

t

where iHT is the weighted (by adjusted gross income) average across year t individual income tax payers

of the marginal individual income tax rate, Q, is the sum of the year t wage and salary income that accrued

"'According to Barro and Sahasakul's (1986) measure of the average marginal labor income tax
rate T, the largest short-term percentage changes in the marginal after-tax share (1-7,) occurred in the
1940's, swamping in magnitude even the well-known Kennedy and Reagan tax cuts.



Work Effort during WWII - 11

to workers who earned below the social security tax ceiling (which was $3000 during this period) divided
by year t AGI, and t” is the employee component of the social security tax rate (which was .01 during this
period). T, can therefore be thought of as the federal marginal tax rate on a typical dollar of labor
income.'>"

We see that, according to Figure 3, after-tax real wages of manufacturing production workers were
lower in absolute terms (and even lower relative to trend) during the war years 1942-45 than in the few
years immediately preceding and following the war. For example, the percentage change over the period
1940-44 in the after-tax real wage was -9.1% for production workers in 25 selected manufacturing
industries and -3.2% for female production workers in the same 25 industries.’* The decrease for all
workers and female workers in 25 industries can be decomposed into a 36.7% (42.6% for females)
increase in the money wage, 22.7% price inflation, and a 23.2% decrease in the after-tax share of earnings.

From this backward-looking perspective, after-tax wages appear relatively Jow during the war - hardly a

substitution effect story for why people worked so much during the war.

Al tax rate data is from Barro and Sahasakul (1983, 1986).

“The employer component of the social security tax (0.01) is not included in the computation
because it is assumed that the wage data is net of the employer contribution. The inferences drawn
from the after-tax wage data should be insensitive to this assumption because the social security tax rate
is small and is constant during the period (although the fraction of AGI to which the social security tax
applies ranges from 48% in 1940 to 33% in 1945). Self-employed workers did not have to "contribute"
to the Social Security system during this period.

"Census (1975) series D-830 and D-836. The 1940-44 change for production workers in all
manufacturing industries (not shown in the Figure) was -3.3% (Mulligan 1995).
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Figure 3 After-tax Wages, 1939-48
(average real hourly earnings multiplied by marginal tax factor)

() Multiply wages and salaries, net of the compensation of military personnel, from the
national income accounts by the same after-tax share shown above.

(i1) Add supplements to wages and salaries and subtract an estimate of the employer social
security contributions (this is estimated using total compensation of employees as the tax
base and €,t* as the tax rate).

(i)  Add proprietor's income, multiplied by (1-average marginal L1 T. rate).

(iv)  Deflate using the official CPI and divide by civilian manhours.

This measure might be interpreted as the weighted average of individual after-tax wages, where an
individual's after-tax wage is computed using the average marginal tax factor times his (or her) average
hourly pre-tax earnings, and he contributes to the average according to the number of hours he worked
during the year. The measure differs from the others in Figure 3 because it includes supplements to wages
and salaries - a difference which has some effect on the dynamics of the series because there was some
substitution of fringe benefits for wages during the war. The measure also captures any wartime movement
of workers from low wage jobs to high wage jobs, although this effect may overstate the incentives to work
if wartime workers are moving from pleasant and safe low wage jobs (eg., retail sales) to less pleasant and
more unsafe high wage jobs (eg., manufacturing). Another reason that the measure overstates wartime

incentives to work is that, because of a lack of data, I have not subtracted the fringe benefits of military

personnel from the supplements to wages and salaries reported in the national accounts. Yet another bias
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in this series is that, because of the wartime tax increases and the corresponding incentive to substitute for
tax exempt fringes, wartime fringe benefits may not be valued dollar-for-dollar with after-tax income.
Despite these biases, the measure only increases 8% between 1940 and 1944, and actually decreases by
3% relative to the 1940-48 trend. I argue below that even this backward-looking 8% increase may not be
real.

Looking forward, after-tax real wages also appear low. Between 1944 and 1948, the after-tax real
wage increased 9.1% for production workers in 25 selected manufacturing industries, 16.9% for female

production workers in the same 25 industries, and 15% for all civilians."®

III.B. Reestimates of Wartime Inflation

Because Figure 3 uses U.S. government calculations of the CPI to deflate money wages, the figure
probably understates the case that real wages were low during WWIL Attempts by the federal government
to control prices gave an incentive for sellers to raise the effective price of their product in ways that are
harder for the government to detect; deterioration of quality and suspension of quantity discounts are two
ways that firms may have raised the effective price of their product without affecting government price
inflation calculations. Price ceilings and rationing cause black markets to appear but black market prices
are not included in official price indices. According to this argument, estimates of inflation over the period
(1941-47) are correct (because price controls were not too important in the initial or final year), but
estimates of inflation are understated for periods when price controls were instituted (1941-42, 1942-43,
1943-44, and 1944-45) and overstated for periods when price controls were removed (1945-46 and 1946-
47). Robert Barro (1978, p. 608) offers estimates of the effective 1945 and 1946 price level based on the
behavior of the money stock, arguing that inflation was overstated by 37% for the period 1945-47! Even
if Barro has overstated his case and 10%, rather than 37%, is a more reasonable correction, that would
change Figure 3 enough that the after-tax real wages would be 15-25% lower during the war years than
during the 3 years before or the 3 years after.

Rockoff (1978) uses data on shortages and dwelling maintenance to obtain a measure of some
portion of the understatement of WWII inflation. He estimates that CPI inflation between 1940 and 1945
was understated by 1% because landlords neglected maintenance in order to increase effective rents
without violating rent controls. He adds this to estimates of the cost of meat and durables shortages and
to Mitchell Committee (1945) estimates of concealed price increases to document a 5-7% understatement

of 1940-45 CPI inflation.

"*The 1944-48 change for production workers in all manufacturing industries (not shown in the
Figure) was 7.2% (Mulligan 1995).
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Friedman and Schwartz (1982, Table 4.2) assume that an official implicit price index (computed
by Kuznets) delivers the correct inflation rate for the five year period 1942-47, but that the official
allocation of that inflation to the one year intervals 1942-43, 1943-44, ..., 1946-47 is incorrect because of
price controls. Using the annual time series of nominal income to interpolate, Friedman and Schwartz
estimate 20% inflation for the period 1942-44. For the two year period 1942-44, this is 8 percentage points
more inflation than the Kuznet's index, 16 percentage points more inflation than the official GNP deflator,
and 12 percentage points more inflation than the official CPI for all items.

Klein (1956) uses data on the average denomination of currency to obtain an estimate of German
price inflation during WWII; a similar methodology can be used for the U.S.'S Mulligan (1995) does so,
using denomination of currency data to predict the GNP deflator for the years 1941-50. He shows that,
as Klein predicts, the official GNP deflator is close to the predicted one for years when price controls were
not in effect: 1941, 1947, 1948, 1949, and 1950. The official deflator lies below the predicted one for the
price control years 1942-46, suggesting that the GNP deflator was understated by 25% in 1944,

All four methods of revising the official price level - Barro's demand for money forecast, Rockoff's
reconstruction of components of the CPI, Friedman and Schwartz' nominal income interpolation, and
Klein-style average denomination of currency forecasts - suggest that the official CPI was understated by
10% or more in 1944. It therefore appears that Figure 3 understates the fact that after-tax real wages were

lower in 1944 than either before or after the war.

IV. Disaggregated Measures of After-tax Real Wages

An important source of support for the main argument of this paper is evidence that after-tax real
wages were lower than normal (or at best, normal) during WWII. However, the evidence in Figure 3 is
aggregate data - constructed from average hourly earnings for a category of workers and from average
marginal tax rates - and may therefore display different dynamics than did the after-tax wages for individual
workers. Three sources of composition and aggregation bias are considered: (i) aggregation errors in
average tax and wage measures, (ii) occupation and industry switching, and (iii) wages of labor force
entrants that differ from those of existing female workers.

Not surprisingly, I find that average wage measures are subject to some composition bias.

However, it is difficult to show that the magnitude of the bias is important or that composition biases are

"*Gary Becker suggested to me that the Klein methodology might apply to the U.S.
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much more serious than they are for peacetime business cycles, the life cycle, and other instances of

temporary wage fluctuations which, by comparison, make the wartime episode look so anomalous.

IV A. Aggregation Errors in Average Tax Measures

The average marginal tax rates computed by Barro and Sahasakul may, because of composition
effects, be misleading. It is conceivable that aggregate measures of the marginal tax rate increased during
the war while subsets of workers enjoyed a tax cut during the war and it was this subset that responded by
working harder. However, it can be shown that nearly all workers were faced with a substantial tax hike
during the war. Between 1940 and 1944, more citizens were required to file IIT tax returns (IRS 1944,
p. 184). The amount of income exempt from tax was substantially reduced (both in nominal and real
terms, IRS 1940, p. 267 and 1944, p. 387). The IIT system was “progressive” in both years in the sense
that the marginal tax rate increased with taxable income. The lowest tax positive rate was 3 or 4 percent
in both years, but only in 1944 were the higher tax brackets reachable by the majority of families. As a
result of these provisions, the majority of persons in 1944 filing households were subject to marginal IIT
rates of 20% or more while a majority of persons in 1940 filing households owed no tax. Figure 4 displays
the cumulative fraction of persons in filing households with various marginal IIT rates in 1940 and 1994.
In 1944, 85% of persons in filing households were in an individual income tax bracket of 20.7% or
higher.”” In 1940, on the other hand, 64% of persons in filing households had a zero marginal tax rate!
These figures don't take into account the fact that many households did not even file a return in 1940. In
that year the U.S. population was 132 million but only 34 million exemptions and dependents were claimed
on individual income tax returns. By 1944, 111 million persons were claimed as exemptions or dependents
when the civilian population was 127 million.”® The number of returns filed more than tripled over the

period.

'"Persons are computed from the number of exemptions and dependents reported on each
return. According to the instructions for IRS forms 1040 and 1040a in 1940 and 1944, a dependent is
any "person (other than husband or wife) under 18 years of age, or incapable of self-support because
mentally or physically defective, whose chief support was received by the taxpayer" (IRS 1940, p.
267). See Mulligan (1995) for similar results for the cumulative distribution of returns and income.

"*Military personnel were permitted to defer filing their return (IRS 1944, p. 390).
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That the WWII
tax  increase  was
"across the board" can
also be seen in the
agreement of various
methods of calculating
the average marginal
tax rate. If we consider
the federal income tax
only, the AGI weighted

arithmetic average of

Fraction of Persons in Filing Households

marginal tax rates grew
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0 I I , ; < from 5.6% in 1940 to
0 0.1 0.2 0.3 04 0.5 25.2% in 1944 while
Marginal Tax Rate

the unweighted average
Figure 4 Cumulative Distribution of Marginal Federal Individual Income Tax

0
Rates grew from 0.8% to

(Source: IRS 1940, 1944) 19.5%. The AGI
weighted geometric average of marginal tax rates grew from 7.0% to 28.5% while the unweighted
geometric average grew from 0.9% to 20.1% (Barro and Sahasakul (1983), Table 2).

Withholding of income taxes at the source began during WWII, so workers did not have to be
familiar with Form 1040 to notice the extraordinary rate of income taxation. By the end of 1943, 20% of
wages over an exemption amount were to be withheld by all employers (Federal Register 1943, p.
12269)."

The IIT tax cuts at the end of the war - the largest in history by some metrics - were also “across
the board”. The amount of exempt income was fairly constant in real terms, but tax rates were cut “across
the board” by at least 4 percentage points. Barro and Sahasakul's (1983) computation of the average
marginal Federal IIT rate fell from 25.2% in 1944 to 18.0% in 1948.

Finally, the massive wartime increase in Federal IIT collections shows that much of the wartime

increase in labor supply must have been subject to the high wartime marginal rates. 1IT collections were

"If a person worked for most of the year, the exemption amount was roughly equal to the
exemptions and standard deductions allowed on Form 1040. If a person worked for only part of the
year, less income would be exempt from withholding than would be taxable at the end of the tax year.
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less than 1% of GDP in 1940, increased to 15% of trend GDP in 1944 (10% of actual GDP), and then fell
to 8% of GDP in 1948 (OMB 1996, Historical Table 2-1). These changes in tax collections are even larger

than the substantial changes in marginal tax rates.

IV.B. Composition Errors Due to Occupation and Industry Switching

It is possible, for example, that the dynamics of individual wages were different from those shown
in the two manufacturing series of Figure 3 because many civilian workers obtained high wartime wages
by switching from low wage occupations and industries to high wage occupations and industries. To some
extent, occupational and industrial shifts of this type did occur. Manufacturing's share of civilian
employment rose from 22% in 1940 to 32% in 1944 and then fell back to 26% in 1948 (CB, p. 364; ERP
1988; Citibase series LHEM). This subsection provides three calculations that suggest that, although low-
to-high wage job switching did occur at the beginning of the war, the switches do not significantly bias the
two manufacturing series shown in Figure 3 as estimates of the dynamics of individual workers' wages.

As a first computation, consider the labor compensation numbers in the national accounts. Such
an aggregate measure of the after-tax real wage is displayed as a solid line in Figure 3 and grows 17%
faster than the average hourly earnings of production workers in manufacturing (shown in Figure 3) over
the period 1940-44 and 4% faster over the period 1944-48. However, this more aggregate measure of the
wage (after-taxes) still appears low during the war relative to the trend for the decade. Even with 1940 as
a benchmark, the “all civilians” measure of the after-tax real wage (using the official CPI) is only 8.6%
above normal. If the CPI is revised in a reasonable way, even this measure fails to be above normal in
1944.%

This first computation also corrects for two other biases in the manufacturing wage series. One
potential bias (especially relevant for those who not switch into manufacturing) is that nonmanufacturing
wages may have grown at a different - and probably slower - rate. Another bias is that the Conference
Board disproportionately included large establishments and excluded some important employers of women
in their collection of manufacturing wage data (Women's Bureau November 1944).

Aggregate compensation is not available separately for men and women, but the Women's Bureau
(1945, 1946) surveys of wages of primarily female occupations in the health and telephone industries

suggests that nonmanufacturing female wages grew more slowly. For example, the money wage rate of

**Unlike the wage series shown in Figure 3, the national accounts measure takes into account
changes in the importance of supplements to wages and salaries. To the extent that supplements to
wages and salaries grew during the war because of government policies discouraging monetary
compensation (eg., wage controls), workers may not value the supplements as much as monetary
compensation,
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nurses grew only 30% from 1940 to 1944 as compared to 43% for the female series used to construct
Figure 3 (Women's Bureau Bulletin 203(3)).

As a second computation, we can assume (1) that all of the new manufacturing production workers
were agricultural laborers in 1940 (or had 1940 wages that were no lower than agricultural laborers) and
(2) that the wage of agricultural laborers fell relative to manufacturing production workers from 1940-44
(otherwise, why did the workers change industries?), then the growth rate of wages for a typical worker
is no more than 4 percentage points higher than the growth rate of manufacturing production workers for
the period 1940-1944 and is no less than 3 percentage points lower for the period 1944-48.*' Not only
does this "switching from nonmanufacturing to manufacturing" story fail to generate quantitatively
important implications, but it leaves unexplained the impetus for switching from one job or industry to
another at the beginning of the war and then switching back at the end of the war (remember that behavior
changes in the standard model only when budget sets change).

Third, results from a March 1944 national longitudinal population and employment survey
conducted by the Bureau of the Census and reported by the Labor Department's Women's Bureau show
that employment shifts among broadly define occupational and industrial categories were quantitatively
unimportant. Women in March 1944 were asked about their occupation and industry during the week
before Pearl Harbor as well as their occupation and industry at the time of the interview. Table 1 displays,

for each 1944 occupation, the December 1941 occupation of women in the labor force.

2T compute the wage of a "typical worker" as the weighted average of manufacturing and
nonmanufacturing wages, where the weights are manufacturing's share of civilian employment.
Average hourly earnings in manufacturing in 1944 was $1.01. A straight-time wage rate of 0.96 is
computed from the average hours in manufacturing (45.2). It is assumed that the typical 1944
nonmanufacturing wage is no less than $0.65, the 1944 straight-time wage rate for agricultural laborers.
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Table 1: Prewar Activities of Female Wartime Workers - Occupations

"Previous" Occupation (the week before Pearl Harbor, %)

March 1944 1000s | Professio Proprieto  Clerical Sales Craftsme domestic Other Farm OLF
Occupations nal s, ... & n, service services workers

kindred
Professional & 1480 72.97 0.09 0.88 0.56 0.34 0.24 0.38 022 24.32
semiprofessional
Proprietors, managers, 650 0.11 70.77 238 361 1.69 0.51 222 0.26 18.46
& officials
Clerical & kindred 4380 0.67 037 5046 2.65 2.54 045 0.95 0.15 41.78
Sales 1240 0.68 0.00 1.31 41.13 1.77 0.64 1.97 0.07 5242

Craftsmen, foremen, 4920 0.65 0.20 1.09 1.64 41.87 4.06 343 0.53 46.54
operatives, & laborers

except farm

Domestic service 1570 0.19 0.03 0.00 0.10 0.30 63.69 1.51 424 29.94
Other services 1650 0.09 0.15 0.19 1.18 228 9.22 4242 023 44.24
Farm workers 560 0.24 025 0.00 0.00 0.76 231 0.00 60.71 3571
Not classifiable 20

AllILF 16450 7.03 2.99 14.05 4.62 13.71 8.50 5.95 273 4043
OLF 34940 0.86 0.26 137 0.46 1.32 1.14 0.74 0.29 93.56

Notes: (1) "Previous” occupation refers to the occupation during the week before Pearl Harbor. Additional occupational switches
that may have occurred between 12/41 and 3/44 are not reported in this data.

(2) OLF denotes "out of the labor force," ILF denotes "in the labor force."

Source: Women's Bureau (June 1944).

The table indicates that the majority of 1944 women in the occupations "craftsmen, foreman,
operatives, and laborers (except farm)" were either in that occupation in 1941 or joined the occupation
from out of the labor force. Only 7% of the women in that occupational category in 1944 were previously
in "domestic services" or "other services." Very few 1941 female farm workers joined the "craftsmen, etc."

category in 1944, At least for women, the important shifts were into and out of the labor force.
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Table 2: Prewar Activities of Female Wartime Workers - Industries

"Previous” Industry (the week before Pearl Harbor, %) 12/41 Nonemployment
March 1944 1000s | Agricult Manuf. Trans,, Trade finance domes. Other Housew School Other
Industries ure . ... service.. ork nonemp
loyment
Agriculture 580 | 6034 0.55 0.00 0.27 0.26 2.81 027 2320 7.18 5.12
Manufacturing 5590 039 4258 0.27 5.18 223 375 024 2619 1424 4.94
Transportation, 680 0.26 162 4782 4.57 1.88 3.66 0.58 1376 2376 2.08
Communication,
Public Utilities

Trade (wholesale & 3190 0.14 1.80 0.18 4781 1.56 3.67 0.12 23.69 14.82 6.21
retail)

Finance, business, 2680 0.25 1.52 0.24 245 61.05 2.54 0.75 15.42 12.62 3.16
repair, professional

Domestic, personal, 2660 2.7 0.50 0.23 1.50 0.63 62.41 0.07 18.70 6.77 6.47
recreational services

Other (mining, 1080 0.55 395 1.99 7.06 530 288 3056 21.88 18.47 7.36
construction,

government, forestry,

fishing)

Not ascertainable 20

All 16480 2.81 1547 2.34 12.35 11.49 12.92 228 2184 13.31 519

Notes: (1) "Previous" industry refers to the industry during the week before Pearl Harbor. Additional industrial switches that may
have occurred between 12/41 and 3/44 are not reported in this data.
Source: Women's Bureau (June 1944).

Table 2 displays industrial changes by women between December 1941 and March 1944. The
majority of women employed in manufacturing in 1944 were either employed in the manufacturing industry
or out of the labor force in 1941. 9% switched to manufacturing from wholesale trade, retail trade, or
domestic service. Only a very small portion of 1944 female manufacturing workers had been employed
in the agricultural industry in 1941. During the war, all industries enjoyed a sizable flow of female
employees who were not employed before the war; shifts into and out of the labor force vastly outnumber

shifts among broadly defined industries.

IV.C. Wages of Labor Force Entrants
Because of the changing participation rates and the removal of some men from the civilian labor
force, it is conceivable that the wages faced by any particular individual were higher during the war while

an average of wages across civilian employees (or civilian earnings divided by civilian hours) is low during
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the war.>> This subsection assesses the magnitude of four different composition and aggregation effects:
an increase in the proportion of women, entrance into the labor force of women with wages lower than
those of prewar female workers, exit of soldiers, and changes in the amount of wage inequality.

Money wages for production workers are measured separately for men and women. That the influx
of women tended to decrease the average wage of production workers more than any particular worker's
wage declined (because women had lower wages than men) is consistent with the more rapid decline of
the dashed line (all production workers in 25 industries) as compared to the dash-dot line (female subset
only) in Figure 3. However, we see that even the women's series fails to display high wartime wages.

It is possible that women who became production workers in the 25 manufacturing industries
during WWII had lower 1944 after-tax wages than women who were already in that sector in 1940 so that
the women's series shown in the Figure is flat while in fact both prewar female workers and labor force
entrants enjoyed a high wartime value of time. It is, of course, impossible to estimate the dynamics of the
value of time for women who first entered the labor force during the war, but I can show that the wartime
wages of prewar female workers were not particularly high. To do so, I use data from the Palmer (1954)
survey to estimate the average wage of an women employed in 1944 conditional on her not being employed
in 1940 and then revise the aggregate female series to reflect the dynamics of wages of women working
both during and before the war.

Palmer (1954) surveyed workers in 1951 about their work histories during the 1940's. Some of
her data is now in machine-readable form and can be easily used to make progress on the question "How
do the wages of new wartime labor force participants compare to the wages of the other participants who
were in the labor force before the war?" Goldin's (1991) Table 5 can be used to estimate the difference
in wages between wartime women workers who worked in 1940 and 1950 and wartime women workers
who worked in 1950 but not in 1940:%

E(w,qs, | female wartime worker, worked in 1940, worked in 1950) -

E(w,gs, | female wartime worker, did not work in 1940, worked in 1950)

= 50.60-4427 = 6.33
This difference in 1950 weekly earnings is 13%. If we take this 13% as an estimate of the percentage

difference between the 1944 hourly wages of female labor force entrants and female workers who had

ZFriedman (1976, p. 208) and Lucas and Rapping (1969) make this point. See Friedman for
an illustrative example.

SIf it is assumed that Goldin's "years living in area" variable is no more than one or two years
different for women who entered the labor force during the war, her Tables 3, 5, and 7 can be used to
compute the difference in average log wages in the two samples of 0.13.



Work Effort during WWII - 22

worked in 1940, the average 1944 wage for all working women understates the average 1944 wage for
working women who also worked in 1940 by 3.6%.** The reason for this relatively small composition bias
is that, although an unprecedented number of women joined the labor force during the war, a sizeable
majority of female wartime workers were not recent labor force entrants.

My calculation assumes that the 1950 percentage wage gap is equal to the wartime wage gap, but
the gap may have narrowed between 1944 and 1950 as the new entrants gained tenure on their job or as
relatively low wage wartime entrants dropped out of the labor force. I cannot calculate the magnitude of
this effect but point out that, because a sizeable majority of female wartime workers were not recent labor
force entrants, wartime entrants would have to have earned wages in 1944 that were 42% less than those
of existing workers in order for the composition error to be as much as 10%.

Another reason to doubt the hypothesis that aggregate wartime after-tax wages substantially
overstate individual after-tax wages is the fact that the 12 million soldiers were young men, and young men
tend to have lower wages than the typical worker. According to the 1950 Census Public Use Micro
Sample, WWII veterans who worked in 1949 eamned a wage that was about 3% lower than other members
of the 1949 male workforce who were 16 years or older in 1944, Military service in 1944 appears to
amount to a removal of low wage workers from the civilian labor force which tended to increase aggregate

measures of the wage relative to individuals' wages.”

*The growth of wages of women working before and during the war (“incumbents™) is
computed according to:
inc
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where w'™ denotes the wage of incumbents, w, denotes the average wage of workers at date t, o, is the
fraction of date t workers that are incumbents, and d is the percentage gap between the date t wages of
incumbents and entrants. The calculation assumes that all women who worked in 1940 also worked in
1944. To the extent that there was exit from the female labor force between 1940 and 1944, 3.6% is an
overstatement of the composition error. The calculation uses female employment numbers of 13.825
and 19.170 million in 1940 and 1944 from Goldin (1990, Table 5.5).

»Using Kendrick's (1961) estimates of civilian and military employment of 54.7 million and
11.4 million, military service increased the average civilian wage in 1944 by about 0.5% relative to
individuals' wages. Increased participation by low wage male civilians might offset this 0.5% a little
bit, but not by much because the overwhelming flow to or from the male civilian labor force was the
recruitment of military personnel (eg., the male civilian labor force was 6 million smaller in 1944 than
in 1941 or 1946).
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1IV.D. Changes in the variance of wages

Changes from 1940-44 and 1944-48 in the variance of real wages could generate a scenario where
mean after-tax real wages were constant while some workers enjoyed substantial gains while others
suffered substantial losses. Different elasticities of labor supply with respect to the after-tax real wage at
different points of the wage distribution could then generate changes in aggregate work. However, even
though pre-tax wages became more equal over the 1940's, it does not seem that the evolution of the
variance of wages between 1940 and 1948 was so nonmonotonic as to generate an increase in work activity

between 1940 and 1944 and then a corresponding decrease between 1944 and 1948.%

IV.E. Nonlinear Consumption-Leisure Tradeoffs

The marginal tax rate and average hourly earnings say a lot about the incentives to work, but a
worker's ability to trade consumption for leisure or leisure at different points in time cannot be exhaustively
described by these two numbers. There was at least one important source of nonlinearities in the budget
sets of workers: the progressivity of the IIT system and perhaps another, overtime pay.

As compared to 1940, 1944 pre-tax real wages were relatively high. As compared to 1948, 1944
pre-tax real wages were perhaps somewhat above trend. This fact, together with the strong progressivity
of the IIT system meant that the wartime incentives to earn the first few dollars of family income were
relatively high. However, the high wartime tax rates took effect at fairly low incomes so that, after taxes,
a single worker household working 40+ hours per week did no better in 1944 than in 1940.*” A two
worker household did even worse after taxes. According to the standard economic model, the wartime
progressivity of the tax system therefore meant that: (1) wartime part-time work was encouraged relative
to full-time work for single-earner households (especially low wage single-earners), (2) wartime
participation by secondary earners was discouraged relative to work by primary earners (especially low

wage primary earners). Although participation rates of prime aged civilian men did not increase

¥Gee Goldin and Margo (1992) for a study of the inequality in the 1940's. The Conference
Board (1954) reports that the percent of income after-taxes held by the top 5% fell from 23% in 1940
to 17% in 1944 and then increased to 18% in 1948. Pre-tax inequality may have fallen monotonically
between 1940 and 1948 - the Conference Board (1954) reports that 48% of pre-tax money income was
received by the top quintile, as compared to 49% in 1944. Another measure of pre-tax inequality, the
ratio of the pre-tax average hourly earnings of skilled and semi-skilled workers to that of unskilled
workers in manufacturing is 1.35, 1.38, 1.28 in 1940, 1944, 1948, respectively.

YSee Mulligan (1995) for the details of this calculation and a graphical display of a family's
consumption-leisure tradeoffs. It calibrates gender-specific wages from average hourly earnings of
manufacturing production workers. Mulligan calculates that wartime tax policy introduced an large
“kink™ in the household's budget constraint at 33 hours per week for the household's first earner.
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substantially, it is true that the participation rates of teenagers™ and single women aged 20-44 increased
more than that of married women aged 20-44 (Women's Bureau, June 1944). However, prediction (1)
seems at odds with the weekly hours and female labor force participation series displayed in Figure 1 as
well as the long wartime hours of teenagers (Bureau of Labor Statistics, January 1945). Furthermore, the
peacetime participation rates of primary workers were already too high (with the exception of teenagers)
for them to contribute substantially to aggregate wartime labor supply along the participation margin. At
least half of the increased wartime aggregate labor supply came from longer hours and increased
participation by secondary workers - precisely those margins most discouraged by the progressive wartime
IIT system.

Because of the longer hours worked by wartime workers, overtime time pay was certainly more
common which might mean that the marginal incentive to work long hours (although probably not the
decision to participate in the labor force) is higher than measured by average hourly earnings. But, if
overtime policies are constant over time (ie, the definition of overtime and the overtime premium) are
constant over time, overtime cannot explain the increased wartime work hours. Rather, it is the increased
work hours that explains the overtime.

Trejo (1991) argues that overtime pay schedules are imposed by the government and that they only
affect employment and hours decisions when minimum straight-time wage laws are binding. Since
statutory minimum wages were not indexed to inflation and inflation was relatively high during the war,
one might expect that minimum wage laws were not as important during the war as compared to 1940 or
1948,” which means that overtime laws were least likely to encourage long hours during wartime. Even
if overtime could explain the longer hours worked by wartime workers, it cannot explain the increased

wartime labor force participation of civilian men and women.

IV.F. A Quantitative Summary on Evidence on Wages
Although no single measurement issue can explain wartime work, can a combination of them?

Table 3 quantitatively reviews the evidence on wage changes during the 1940's. The first row displays the

* Although they may live with their parents, unmarried teenagers could file their own return as a
single person. Even at their lower rates of pay, working more that 20 hours per week in 1944 would
put them in the 20.7% IIT bracket or the 20% withholding bracket. Thus, wartime tax increases were
an important disincentive for long work hours by teenagers.

¥Because the number of workers covered by minimum wage laws has increased slowly over
time, Welch (1978) estimates that minimum wage restrictions were least effective in the 1940's.
Changes in the dollar amount of the federal minimum hourly wage took effect in October 1939 (to
$0.30 from $0.25) and October 1945 (to $0.40 from $0.30).
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growth rate of money wages for two categories of workers and two time periods. The first four columns
pertain to the period 1940-44 and the second four pertain to 1944-48. Women's money wages in 25
manufacturing industries grew 43% in the first period and 37% in the second period. Men's wages grew
more slowly in the two periods - 40% and 26%. The second row subtracts official estimates of inflation,
23% and 30%, from the growth rate of wages. Four CPI revisions are reported in the text so the third row
subtracts an additional 10% from the real wage growth estimates in row two, 10% is probably a
conservative revision. Row four adds the rate of change of the after-tax share of wages. That share fell
by 23% in the first period because of the massive increases in individual income tax rates in the early
1940's. Some tax cuts after the war led to an increase in the after tax share.

Individual incentives did not necessarily change according to the growth rate of average after-tax
real wages because the averages in 1940, 1944 and 1948 are averages across different groups of people.
Two sources of composition bias were the temporary inflow of women and the temporary outflow of
soldiers during the war. Subsection IV.C estimates that female wartime labor force entrants had relatively
low wages so that their entrance into the workforce depressed average female wages by 4%. Soldiers also
had low wages relative to men who remained civilians; their exit increased average wages by about 1%.

Table 3 begins with the growth rate of average hourly earnings for a particular job, rather than for
a typical worker. To what extent did the wages of a typical worker evolve differently than the average
wage of production workers in manufacturing? Subsection IV.B addresses this question in three ways, and
offers liberal estimates of the magnitude of the bias of wage growth of a typical worker - no more than 4
percentage points faster for the period 1940-44 and no more than 3 percentage points slower for the period

1944-48. Row 7 of the Table therefore adjusts the growth rates of wages by .04 and -.03.
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Table 3: A 7-Part Estimate of the Effect of World War II on After-tax Wage Growth

1940-44 1944-48
women men women men

patial  cumul.  partial  cumul. partial  cumul.  partial  cumul.
1. Money earnings per hour, 43 43 .40 .40 37 .37 .26 .26
25 manufacturing industries
2. Official CPI Inflation (-) 23 .20 .23 17 .30 .07 .30 -.04
3. CPl revisions (-) .10 .10 .10 .07 -.10 17 -.10 .06
4. Income tax factor (+) -23 -13 -23 -.16 .09 26 .09 15
5. Composition Effects - 04 -09 O -.16 -.04 22 0 15
Labor Force Entrants (+)
6. Composition Effects - 0 -09  -01 -17 0 22 .01 16
Military Service (+)
7. Composition Effects - .04  -05 04  -13 -.03 A9 -03 13

Jobs vs. Workers (+)

Notes (1) Each row is an adjustment to the rows above. A left-hand column displays the row's adjustment. A right-hand column
accumulates the adjustments from the rows above.

(2) Official Price Inflation is the growth rate of the CPI for all items.

(3) Three CPI revisions are reported in the text, with 10% is entered in the Table as a conservative average of the three revisions.
(4) Income tax factor is the growth rate of (1-t) where 1 is the average marginal tax rate computed from Barro and Sahasakul
(1986).

(5) Composition Effects - Labor Force Entrants is computed for women only and, based on the Palmer (1954) survey, assumes
that female labor force entrants earned 13% less than female employees who also worked in 1940.

(6) Composition Effects - Military Service is computed for men only and, based on the 1950 Census PUMS, assumes that WWII
veterans earned 3% less in 1940 than men who were civilian employees in 1944,

(7) Composition Effects - Jobs vs. Workers see footnote 21 and the corresponding text for the details of the computation.

(8) All growth rates are computed as log differences

Overall, the table reports a growth rate of after-tax real wages of -5% for women and -13% for men
during the period 1940-44 - a period when labor supply grew substantially. During the second period -
when labor supply by both genders fell - the seventh row of the table reports after-tax real wage increases
of 19% for women and 13% for men. If one performs the calculations in Table 3 using the "all civilians"
wage estimate shown in Figure 3, after-tax real wages (corrected for a 10% CPI revision and the first two
composition effects in the table) fall by 1% over the period 1940-44 and increase by 25% over the period
1944-48. Although Table 3 is not the only way to aggregate the variety of measurement biases considered
in this section, it suggests that any reasonable accumulation of adjustments would still fail to show that

wartime after-tax wages were high relative to 1940 or high relative to the 1940-48 trend.
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V. Unfulfilled Expectations about Wages and Taxes

It turns out that money wages, pre-tax real wages, and after-tax real wages were relatively high
after the war. If workers had perfect foresight about after-tax wages, it made little financial sense to work
more than normal during the war. But perhaps workers expected after-tax wages to fall after the war?*
Admitting that foresight is not perfect, this section discusses the expectations that would have been required
to produce extraordinary wartime work and whether such expectations are consistent with survey evidence,
stock market performance, or even plausibility.

Expectations may have been “regressive” in the sense that workers expected after-tax wages to
return to the levels of, say, 1940. However, Figure 3 suggests wartime after-tax wages were low even from
this backward-looking perspective. An important reason for this was the high wartime tax rates. Did
workers expect tax rates to remain constant or to return to prewar levels? The temporary language of the
wartime tax hikes - “normal” taxes were distinguished from “defense” or “victory” taxes on Form 1040
(IRS, various issues) - suggest the latter while in fact neither happened although, as measured by their
affect on the after-tax real wage, the biggest IIT tax cuts in U.S. history were at the end of the war.

Accept for the moment the qualitative aspects of the “unfulfilled expectations™ story. Might the
substitution effects produced by such expectations be large enough to produce the extraordinary levels of
wartime work? As a starting point, consider individual decision makers who maximize a time additively
separable utility function defined over consumption and work effort (n) at each date subject to a present
value budget constraint. Assume:

) tastes for leisure do not deviate from trend

(1) precautionary motives for delaying leisure are sufficiently weak

In this setup, plans for labor supply obey:*'

19440 W

Pioss . 1944 «1

h

Elln = gFE|ln

1944 (1= T04) Wioga/ Pross

(1-r /P1944+r” - o(r-p)t (2)

*See, for example, page 26 of the April 9, 1946 New York Times for 54 famous economists
who predicted a depression after the war.

*'The equality (2) is derived in the Appendix.
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where o is the intertemporal elasticity of substitution and E is the expectations operator. r and p are the
average real yield to maturity and rate of time preference, respectively between dates 1944 and 1944+t.
Assume for the moment that r < p (the possibility r > p is examined at length in the next section).

For example, consider hours of work in 1944 - which is shown as 47 hours per week in Figure 1.
If workers expected wages to return to some "normal" level by year (1944+t) and hours worked during year
(1944+1) is planned to be less than or equal to 40, the LHS of equation (2) is less than or equal to In(40/47)
=0.16. If we take the most generous estimate of an intertemporal elasticity that has been found with other
data, 0.75, then the unfulfilled expectations story implies that workers expected at least a 22% decline in
real after-tax wages!®> An expectation of a 22% decline turned out to be a tremendous mistake - actual
after-tax real wages increased by about 10-15%.

There is some evidence that WWII workers were not dramatically concerned about a recession
after the war. The Federal Reserve Board and the Department of Agriculture conducted 814 interviews
in Birmingham, AL and Douglas County, IL during January and February of 1945. Only 29% of
respondents cited "hard times" or a "rainy day" as their reason for holding liquid assets.®® 54% held liquid
assets for other purposes such as old age or the purchase of specific assets. The 29% figure can be
compared with 30% of respondents to the Federal Reserve Board's 1989 Survey of Consumer Finances
who claimed that "emergencies, rainy days, unexpected needs, security/independence or reserves in case
of unemployment" was their "most important reason for saving".**

Another piece of evidence that suggests that wartime expectations of postwar economic
performance were not too bleak is the performance of the stock market. Stock returns were -32% over the
period 1939-42, but negative stock returns of this magnitude are not surprising in light of the massive
increases in corporate income taxes during the early 1940's. Stock returns were 61% over the years 1942-

45. At least from capital's perspective, prospects looked much better in 1945 than in 1939.

*To my knowledge, the largest published estimate of the intertemporal elasticity of substitution
(IES) of labor supply is 0.74, obtained by Ghez and Becker (1975) using synthetic cohort data. (I
exclude Lucas and Rapping (1969) because they use the WWII data without taking labor income tax
changes into account). Runkle (1991) found an IES of consumption of 0.75 for a subset of PSID
households who had a substantial amount of savings in liquid form. Many labor economists seem to
believe that the IES for labor supply is much closer to zero (eg., Pencavel (1986) or Abowd and Card
(1989)). Hall (1991), on the other hand, argues that all of the empirical estimates are biased
downward.

Board of Governors (1945).

**Among the same respondents to the 1989 survey, 24.5% expected the U.S. economy to be
better over the next five years, 27.6% expected it to be worse, and 47.9% expected it to be about the
same (Board of Governors 1992, author's compilation).
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VL. Intertemporal Substitution Induced by Asset Prices

VIA. Theory

To a good approximation, post Pearl Harbor work activity followed the following pattern: work
was abnormally high in 1942, 1943, 1944, and the first half of 1945.° Work activity returned to peacetime
levels in the second half of 1945. In other words, the growth rate of work was high at the beginning,
“normal” during, and negative at the end of the war. If, as of 1942, this basic pattern and its exact timing
were anticipated, we see from equation (2) that dynamic labor supply models such as Lucas and Rapping
(1969), Barro (1981, 1993) and Hall (1980) could explain this behavior in the face of constant preferences
and constant after-tax real wages by very high instantaneous real interest rates at the time when work
activity returns to peacetime levels and basically “normal” real interest rates at other times during the war
and during the postwar period.* According to this “asset price hypothesis™ (hereafter APH), the very high
real interest rates at the end of the war make workers willing to experience a rapidly changing level of work
activity over time even though after-tax wages are not changing. The normal interest rates make workers
willing to experience an unchanging level of work (unchanging at a high level during the war and
unchanging at a lower level after the war). When fully anticipated, this dramatic time pattern of
instantaneous real rates should show up in the wartime term structure of real rates with basically normal
short term average yields to maturity and very high medium term average yields (where “medium terms”
are the terms maturing immediately after the war) and high long term average yields. One related pattern
of average yields-to-maturity is displayed in Figure 6 as “YTM (rising hazard)” (the “normal” real interest
rate is assumed to be 2 percent per year for the purposes of Figure 6).

If the exact timing of the war and temporal pattern of instantaneous real interest rates were not
known with certainty, then the dynamic labor supply model can generate high wartime labor supply with

instantaneous real interest rates that are very high in wartime periods when the hazard rate of ending the

1942 measures of labor supply were substantially above postwar levels, although not as high
as those for 1943, 1944, and the first half of 1945,

*Such a pattern of real interest rates would occur in an economy without capital in which the
timing of high wartime government spending coincided with the high wartime work activity. A similar
pattern would also be observed in an economy with capital, but in which an irreversible investment
constraint were binding during the war (so that the equilibrium instantaneous real interest rate could
exceed the marginal product of capital). See Barro (1987b). This pattern might not occur in the
models of Aiyagari et al (1992) and Baxter and King (1993), but the labor supply side of their models
is the same as Barro's: wartime work must be motivated by high wages or interest rates, or by wealth
effects.
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war is high and rates that are “normal” in periods when the hazard rate is near zero.”’
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Figure 6 Real Interest Rates According to the APH

The APH also
has predictions about
the magnitude of
wartime real interest
rates. Let v denote the
logarithmic gap
between wartime and
postwar labor supply, o
the intertemporal
substitution elasticity, p
the normal level of real
interest rates (measured
in percent per annum),
and n(t) the
instantaneous  hazard

rate (measured at

annual rates) of ending the war at date t. The instantaneous wartime real interest rate at date t is:*

") =p + a1 -e )

With o < 1, and v = .16, the instantaneous real interest rate is at least 10 annual percentage points above

normal when the instantaneous hazard n(t) is at least 0.7. Or consider a bond with time to maturity M

3The perfect foresight model sketch above is just a special case of the variable hazard rate
model: the hazard rate is infinite at the known end of the war and zero during other wartimes and

during peacetime.

*This formula is consistent with consumption asset pricing with time separable expected utility

or with risk neutral asset pricing. See the Appendix for a derivation.

3 A constant hazard of 0.7 for one year implies that the war will end with probability one half in

the next year.
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which is known to mature after the war: its average yield to maturity is p + v/(cM).* When the war is
known to end within the next six months (although not exactly when within that six month period), and with
o < 1 and v =16, the average yield to maturity on a six month bond is at least 32 annual percentage points
above normal.

The model also has predictions for the term structure of real interest rates. Let ry(t) denote the date
t average yield to maturity on a risk free bond with maturity M. If the hazard rate n(t) is constant, then
yields to maturity fall with maturity as graphed as “YTM (constant hazard = 0.7)” in Figure 6 with the
parameters 6 = 1 and v = .16 and a “normal” interest rate of 0.02. If the hazard rate is rising, then the
average yield to maturity can rise and then fall with maturity, as in the special case of perfect foresight and
as shown in Figure 6 as “YTM (rising hazard)”. Since hazard rates must be low and rising with distance
into the future early in the war (the major military campaigns are just beginning) and high and fairly
constant later in the war, the model predicts an inverse u-shaped sloping term structure of real interest rates
ry(t) early in the war and a high and downward sloping term structure of real interest rates later in the
war.*!

Suppose there is news about the duration of the war. “Good news” about the duration of the war
means an increase in the function n(t), and probably a flattening of its slope with t while “bad news” means
a decrease in the function n(t), and probably a steepening of its slope with t. Thus good news should raise
short term real rates in absolute terms and relative to long term rates. The good news may actually lower
long term forward rates.*

Unfortunately, there was not a market for inflation indexed government bonds in the 1940's, so the
predictions of the model for the level or term structure of real interest rates can only be indirectly tested

with data on stock prices, nominal interest rates, and corporate investment.

VI B. Evidence from Stock Prices
Consider corporate equity as a claim on the earnings of the corporation, which would be valued
according to the appropriately discounted present value of wartime and peacetime earnings. If corporate

earnings grew at a constant rate over time, then the qualitative and quantitative predictions of the APH for

“All “bonds™ discussed here are zero coupon bonds. In the empirical analysis that follows,
coupon bonds are “stripped” and the corresponding zero coupon yields are reported.

My analysis presumes that forward interest rates can help predict future spot rates. See Fama
(1988), Robertson (1992), and others for some tests of this presumption.

“’The average yield-to-maturity at maturity M is, by definition, related to the forward rates f(t)
on t € [0,M] according to y(M) = ,[Mf(t)dt.
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stock prices are straight-forward. With a constant hazard rate n(t), wartime stock prices are below normal
and jump up at the end of the war. With a rising hazard rate, wartime stock prices are below normal and
falling until the end of the war when they jump up. Moreover, the constant growth rate model predicts that
“bad news” about the duration of the war - a decrease in the hazard n(t) - actually increases stock prices.*

As cited in Section V, wartime stock prices may have been somewhat below normal. However,
this possibility would not confirm the APH because there are certainly other factors - such as the
extraordinary rates of wartime corporate income taxation - that might depress wartime stock prices.* In
fact, we see in Table 4 that wartime stock price-earnings ratios were not abnormal. Even if real interest
rates were low and known to remain low, wartime stock prices would be somewhat low because after-tax
wartime corporate earnings were somewhat low. “Good” news about the duration of the war could thereby
increase stock prices because that news is also good news about the duration of wartime corporate income
taxation. The net effect of news about the duration of the war on stock prices therefore depends on: (1)
the relative price of a unit of wartime and peacetime corporate earnings and (2) the relative quantity of
wartime and peacetime earnings. If the percentage gap between the quantity of wartime and peacetime
earnings is greater than the percentage gap in the prices of a unit of wartime and peacetime earnings, then

good news about the duration of the war would increase stock prices.

“Because of the scarcity of resources during war, wartime corporate earnings are highly
valued. “Good news” means that fewer earnings are wartime earnings and thereby highly valued.

*“Federal Corporate Income Tax receipts were nearly 8% of actual GDP (and a larger fraction
of trend GDP) in 1944 and 1945 (Office of Management and Budget 1996). The same receipts were
1% and 4% of GDP in 1940 and 1948, respectively. As a postwar average, these receipts have been
about 3% of GDP.
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Table 4: Stock Price-earnings Ratios by Decade
Period average PE Period average PE
ratio ratio
1910's 11.1 1950's 11.1
1920's 12.4 1960's 17.2
1930's 17.9 1970's 11.8
1941-45 11.1 1980's 11.0
1946-49 9.9
Source: Standard and Poor Composite Price and Earnings
Indices from Shiller (1989)

Emopirically, “good” and “bad” news are not clearly associated with stock price changes in one direction
or another. Table 5 studies 11 wartime events,” which are classified according to good news and bad
news. Stock returns are measured over the two trading days surrounding the event. For our purposes,
perhaps the most promising events are the dropping of the atomic bombs on Hiroshima and Nagasaki. The
extreme secrecy of the atomic project makes the best case that the dropping of the bombs was in fact news
for the financial markets. Furthermore, it soon became clear that the use of the bombs signaled, if not
caused, a rapid end to the war. The first bomb was dropped on August 6th at 8:15a Japanese standard
time, which in New York was in the early evening of Sunday August 5. President Truman announced in
the U.S. the use of the bomb on the morning of Monday August 6 and, by the close of trading that day, the
New York Times' index of 50 railroad and industrial stocks had fallen 0.17% relative to its closing value for
Friday August 3. The index fell another 1.21% the following day. The market rose 2.1% with the
announcement on Thursday of the Nagasaki bomb, with a net change of the index for the week of +0.42%.
Since the standard percentage deviation of daily stock index changes was roughly 0.9 during the war, news
about the duration of the wartime does not seem to have an economically or statistically significant affect
on stock prices. This basic conclusion is confirmed by the results for the other 9 wartime events reported

in Table 5.

“We first chose the events from a WWII timeline compiled by “The History Place” according
to our impression as to importance of those events for relaying information about the duration of the
war. Second, we classified the events as either “good news” or “bad news”. Third, we then found data
on stock returns associated with those events. Pearl Harbor is excluded because it conveys information
both about the beginning and the end of the war.
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Table 5: Stock returns and news about the duration of the war

dates event classification stock
return, %
event stock return
12/7/41"  12/6-12/9 | bombing of Pearl Harbor bad news -6.08
1/11/42°  1/10-1/13 Japan invades Dutch Borneo, Timor, bad news 1.62
Celebes
2/15/42°  2/14-2/17 Singapore Falls to Japan bad news -2.22
3/10/42°  3/10-3/12 Fall of Rangoon to Japan bad news -2.15
5/6/42° 5/6-5/8 Philippines surrendered to Japan bad news 1.32
6/6/42 6/5-6/8 end of the Battle of Midway good news 0.95
2/9/43°  2/9-2/11 Allies capture of Guadalcanal good news 0.36
8/25/44"  8/24-8/28 Liberation of Paris good news -0.41
3/7/45 3/6-3/8 Allies cross the Rhine good news -1.76
5/8/45 5/7-5/9 V-E day good news -0.96
8/6/45 8/3-8/7 Ist atomic bomb dropped good news -1.38¢
8/9/45 8/8-8/10 2nd atomic bomb dropped good news 1.63
Average bad news (w/o Pearl Harbor) -0.36
(standard error)" (0.63)
Average good news -0.20
(standard error)! (0.47)
Average (good news - bad news) -0.02
(standard error)' (0.38)

"First reported in the following day's newspaper.
'standard error is the standard deviation of daily stock returns in the days surrounding (but not
including) these events (0.89), divided by the square root of half the number of observations

*The first atomic bomb was announced in the U.S. on the morning of 8/6 and, by the close of trading
on that day, the stock index fell 0.17%. The index fell another 1.21% on the following day. The
total change in the index from 8/3-8/10/45 was +0.42%.
Source: New York Times, various issues.

The finding that news about the duration of the war is not systematically associated with stock price

changes suggest that the percentage gap between the quantity of wartime and peacetime eamnings is roughly
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equal to the percentage gap in the prices of a unit of wartime and peacetime earnings. On the other hand,
the fairly normal wartime PE ratios suggest that the percentage gap between the quantity of wartime and
peacetime eamnings was somewhat greater. How low then were wartime corporate earnings? According
to national accounts data for the period 1929-65, pretax wartime corporate earnings were abnormally high.
But wartime corporate income tax payments were high too so, depending how one estimates the trend,
wartime afier-tax corporate earnings were between 5 and 8 percent below trend. Thus Tables 4 and 5 are
consistent with the prediction of the APH that peacetime cash flows are priced more cheaply than wartime
cash flows, although the stock price evidence suggests that the price difference is at most 5-8% different

from “normal.”

VI.C. Evidence from the Level and Term Structure of Nominal Interest Rates

Since there were no indexed government bonds traded in the U.S. during the 1940's, we have no
direct observations on the level and term structure of “risk-free” real interest rates. The differences
between the level and term structure of nominal government bond rates and the corresponding risk free
real rates might be attributed to the risks of inflation and other forms of government default. These
differences can be tough to estimate over long horizons, but we might expect that actual and expected
inflation nearly coincide over very short horizons. In this case, one can derive a formula for the

instantaneous wartime date t nominal interest rate R(t):

R(@t) = p + n(t) + n@)(1 -e )

where 7(t) is the wartime inflation rate at date t. Thus the APH predicts high wartime short term nominal
interest rates for two reasons: (1) wartime inflation is generally higher than peacetime inflation and (2) the
possibility that the war might end in the short term, as represented in the formula by n(t)(1-e°).
Furthermore, holding constant the rate of inflation, short term wartime nominal interest rates should be
especially high during periods when the likelihood of ending the war in the short term is high (“especially
high™ as compared to contemporaneous long term rates, or to peacetime short term rates, or to wartime
short term rates during other periods of the war). It is clear that from Figure 7 that these predictions of the
APH are far from the actual U.S. experience - wartime short term rates were extraordinarily low as

compared to peacetime rates or even as compared to wartime long term average yields to maturity.
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consideration is the
possibility that a dramatic postwar deflation was anticipated. Although no such deflation occurred after
WWII, postwar deflations following wartime inflation were not without historical precedent. In the period
surrounding the first World War, double-digit (at annual rates) wartime inflation continued for 19 months
after the war and was then followed by a 10-20% drop in the price level over the period June 1920- March
1922.% Larger deflations immediately followed the Civil War, the War of 1812, and probably the
Revolutionary War.”’
With this in mind, I make three alternative adjustments to the term structure of nominal interest

rates to compute a term structure of real interest rates:

@ Assume that adjustments for expected inflation are similar at all horizons

“Historical Statistics, series E-135; Bureau of Labor Statistics (www.bls.gov). Even after the
post-WWI deflation, the price level was still substantially higher than it was throughout WWI.

“Goldin (1980). Barro (1987b) shows that, among the four wars with wartime inflation fought
by Britain over the period 1700-1930, deflations followed two of them. Unlike the case of WWII (and
perhaps consistent with the APH hypothesis), nominal interest rates on government bonds were high in
most of these American and British wars. See Grossman (1990) for a discussion of the factors that
may have prevented a postwar WWII deflation.
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(i1) Assume that adjustments for expected inflation are equal to the (smoothed) inflation
actually experienced.*®
(i1i) Assume that a postwar deflation, if it were to occur at all, would occur before 1950 and

that subsequent inflation would be less than wartime inflation

Assumption (i) allows us to compute the shape of the term structure of real interest rates (although not the
level) directly from the shape of the term structure of nominal interest rates. The level and term structure
of real forward rates is computed according to assumption (ii) by subtracting actual inflation from the term
structure of nominal forward rates. Assumption (iii) is the weakest assumption, but it only permits the
computation of very long term forward rates. According to the APH and assumption (iii), the very long
term forward nominal rates should be less than short term nominal rates because: (1) the postwar deflation
is irrelevant for the very long term forward rates (ie, settlement dates after 1950), (2) postwar inflation is
less than wartime inflation, and (3) short term real rates are no less than long term forward real rates.
The solid and long-dashed lines in Figure 8 display the level and term structure of nominal forward
rates quoted in February 1943 and August 1945. For example, rates up to two years forward were less
than one percent per annum in February 1943. Further forward rates were between one and three percent
per annum. In August 1945, the level and term structure of forward nominal rates were pretty similar to
those in February 1943, with very slightly higher near forward rates and slightly lower further forward
rates.* These nominal rates are inconsistent with the predictions that short term wartime nominal rates are
high relative to peacetime rates or relative to very long term forward rates. Nor do we see an important
difference in the level or shape of the term structure of forward nominal rates as quoted early and later in

the war. Such differences are predicted by the APH if assumptions (i) or (iii) are correct.

*The official CPI jumps up at the end of the war upon the removal of price controls. A more
realistic measure of 1940's inflation is to assume that inflation was constant during the war years rather
than occurring almost entirely in 1946 as measured by the official CPI.

*“The level and term structure of nominal forward rates were very similar in February and
August of 1945. Nor did there appear to be any change in rates in response to the news of the
Hiroshima and Nagasaki atomic bombs (Chicago Journal of Commerce, various issues).






