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ABSTRACT
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*We thank the National Science Foundation for financial support. We also thank Casey Mulligan, Ed Prescott,
and Julio Rotemberg for helpful comments on earlier drafts. The views expressed herein are those of the
authors and not necessarily those of the Federal Reserve Bank of Minneapolis or the Federal Reserve System.



1. Introduction

The neoclassical growth model is the main tool used to analyze the positive and nor-
mative consequences of big fiscal changes, such as wars, tax reforms, or other major public
policy programs. Implicit in this use is the view that this model can account for the macroe-
conomic impact of big fiscal changes. However, a popular view, based in part on evidence
from World War II, is that neoclassical theory does not account for the macroeconomic
effects of big fiscal changes, and that an alternative theoretical framework is required.!

This paper reassesses the view that neoclassical theory does not account for the
macroeconomic effects of big fiscal changes by using a more systematic and comprehen-
sive analysis than is found in the literature.? We do this by feeding the World War II fiscal
shock into a standard neoclassical growth model and comparing the variables in the model
to the actual values of these variables during the war. We focus our analysis on World
War II because it is by far the largest fiscal shock in U.S. history and thus provides a very
strong test of the theory. We show that standard neoclassical theory successfully accounts
for macroeconomic activity during World War II.

This study builds on recent analyses of wartime macroeconomic activity by Braun
and McGrattan (1993) and Ohanian (1997), but it differs in three important ways. First,
this analysis provides a much more complete and detailed evaluation; Braun and McGrattan
focus on the behavior of real wages and productivity during World War II, while Ohanian
focuses on the welfare costs of alternative fiscal policies during World War II and the Korean
War. The analysis in this paper evaluates the model’s predictions for hours worked, output,
consumption, investment, after-tax wages, and after-tax returns to capital. Second, both
the Braun-McGrattan and Ohanian models abstract from some key wartime features. This
study uses a model that includes five key wartime elements: distorting taxes, conscription,

military spending, rationing, and uncertainty. Third, this paper addresses recent claims that



the standard neoclassical model does not account for the effects of big fiscal shocks. Mulligan
(1998) argues that the theory cannot quantitatively account for the large increase in labor
input that occurred during World War 11, while Rotemberg and Woodford (1991, 1992) argue
that the theory cannot account for the behavior of real wages. This paper focuses on the
theory’s performance in light of these other claims.

Our main finding contrasts with these claims. We find that the model explains most of
the variation in output, labor input, consumption, investment, wages, and the return to cap-
ital during the war. Moreover, these results are robust to reasonable variations in parameter
values and in the specification of the stochastic processes for the exogenous variables.

The paper is organized as follows. Section 2 reviews the qualitative effects of wars in
a simple neoclassical growth model. Section 3 summarizes how we modify the simple model
before we take it to the data. Section 4 presents the model that is used in the quantitative
analysis, and Section 5 presents the specification of the exogenous processes and parameter
values. Section 6 conducts the quantitative analysis. Section 7 reconciles the results with
the literature. Section 8 discusses some sensitivity analysis based on changes in parameter

values and the stochastic specification. Section 9 concludes.

2. The Effects of Fiscal Shocks in a Simple Model

We begin by reviewing Hall’s (1980) and Barro’s (1981) qualitative analysis of a
temporary increase in government spending, abstracting from other elements of fiscal policy,
to highlight the income and intertemporal substitution effects arising from a fiscal shock in
the neoclassical model.?

Preferences for the representative household are given by

(1) maxiﬁtu(ct, 1—1),
=0



where ¢ is consumption and 1 — [ is nonmarket time. The resource constraint is

(2) Sk le) + (1= 0)ke > ¢t + gs + kg,

where f(k,l) is a constant returns to scale technology with capital k£ and labor [ as the
inputs and J as the depreciation rate. The variable ¢ is government spending, which is a
pure resource drain — government spending does not substitute for private consumption,
nor does it affect production possibilities. Government spending is financed with lump-sum
taxes.

Hall (1980) and Barro (1981) argue that higher government spending raises labor
input through wealth and intertemporal substitution effects. Higher spending reduces wealth,
which induces households to consume less leisure and work more. Households also work more
and invest less to smooth out the effect of the temporary shock.

However, the simple model above abstracts from several key elements of fiscal policy
that will change these income and substitution effects. For example, one important omission
is income taxes, which rose substantially during World War II, and which will tend to reduce
hours worked and savings, ceteris paribus. Thus, the substitution effect of taxes will tend to
work in the opposite direction of the income effect of the increase in government expenditures.

This means that it is unclear whether the neoclassical model is quantitatively or even
qualitatively consistent with World War II macro activity. To address this issue, we need
to define the fiscal shock, feed it into a parameterized model and compute the equilibrium.
The first step in this process is specifying the additional elements that make up the fiscal
shock. We summarize each of the elements below, discussing how each effect in isolation will

tend to affect household decisions. We then describe how we model them in Section 4.



3. Extending the Model to Study World War 11

We now specify the elements that comprise the fiscal shock in our model. These
are income taxation, conscription, government consumption, government investment, wage

payments to military personnel, rationing, and uncertainty.

A. Distorting taxes

There were significant increases in labor and capital income taxes during the war.
Joines’ (1981) estimates show that the average marginal labor tax rate rose from 9 percent
in 1940 to 19 percent in 1944 and that the average marginal capital income tax rate rose
from 45 percent in 1940 to 60 percent in 1944. These large increases in tax rates will tend

to reduce the supply of labor and capital in private production.

B. Conscription

At the peak of the war, about 17 percent of the labor force (or, equivalently, 11
percent of the adult population) was in military service. We therefore add conscription to
the model, because it reduced the quantity of labor available to produce market output.
This reduction in the household’s time endowment will tend to reduce hours worked, since

it raises the marginal utility of leisure.

C. Government spending and its components

Not all World War II government spending was government consumption, as assumed
in the Hall (1980) and Barro (1981) papers. The government also substantially increased
expenditures on wage payments to military personnel and investment in plant and equip-
ment. Separately accounting for these different types of spending is important because they
have very different macroeconomic effects. Purchases of military goods induce the wealth
and substitution effects described in the simple model above, because these purchases do

not substitute for private consumption. However, military wage payments do not have these



same wealth effects, because these payments are income for military personnel. The last
government expenditure category is government investment in plant and equipment. The
government made substantial capital investment during the war, which increased capacity.
We therefore include this spending in the model as investment spending, since it substituted
for private investment. Increases in government consumption will tend to increase hours
worked, since such increases raise the marginal utility of consumption. Increases in govern-
ment military wage payments will tend to reduce hours, since such increases raise income.
Increases in government investment will tend to raise hours, since such increases raise the

marginal product of labor.

D. Rationing

Some goods were rationed during the war, which means that households were not
able to purchase as much of those goods at the controlled price of the good. Some of
our experiments will incorporate rationing in which households will be constrained from
consuming as much as they demand. Rationing reduces hours worked, since it prevents
households from equating the marginal rate of substitution between consumption and leisure

to the after-tax real wage, given the controlled price.

E. Uncertainty

The outbreak of war, the size and duration of the wartime fiscal shock, and the state
of the postwar economy are uncertain events, and this uncertainty may affect the incentives
to work and invest. We therefore conduct some of our experiments with a stochastic speci-
fication that adds uncertainty over the duration and size of the fiscal shock and uncertainty

over the postwar state of the economy.



F. Abstractions

We abstract from other shocks in our analysis, such as monetary and technology
shocks. We abstract from monetary shocks because they were also small during the war
(M1 rose about 10 percent per year during the war) and because adding money to the model
complicates the analysis. We abstract from technology shocks because they were small during
World War IT — total factor productivity was close to its trend level during 1941-46. (See
Braun and McGrattan 1993.) We therefore use a purely real model with just fiscal shocks
and evaluate how well it can account for wartime macroeconomic activity. We now turn to

the specification of the model.

4. Model Economy

There is an infinitely lived representative family with two types of family members:
“civilians” and “draftees.”* Both types of family members have identical preferences given
by U(e,l) = log(c)+ V(1 —1), where V is a concave and continuously differentiable function.
There are V; total family members in period ¢, with fraction a; who are in the military and
fraction (1 — a;) who are civilians.”

The family optimally chooses consumption of both types, which we denote by c.
and ¢4, respectively. The family also chooses private investment in physical capital, i,, and

civilian labor input, [., to maximize its lifetime utility. Labor input for family members in

the military is exogenously fixed at l;. The family’s maximization problem is given by

(3) max Ey Zﬁt {(1 — ap)U(Cety let) + aiU (cay, l_d)} N,
{cet,Catipt let,bet1} =0

subject to

(4) (1 — CLt)Cct + aiCqr + ipt + bt+1

= (1 — 7p) ke + (1 — T)wi(1 — ag)ler + Trekpe + Riby + a;wilg



(5) Fptr = [(1 = 8)kpt + el /(1 +7,,)
(6) Ny =(1+7,)

(7) Cet < Cty Cap < Cpy Uy > 0

where £, is the beginning-of-period capital stock in period ¢, 7, is the rental rate paid for
that capital, w; is the wage rate in t, 74; and 7, are proportional tax rates on capital income
and labor income, respectively, in ¢, R;b; is the value of matured government debt, and b;
is new debt holdings. The term ¢ allows for rationing. All quantities are in per-capita terms;
the constant growth rate of the population is given by +,,. The processes for a:, 1y, Wy, Tie,
Ti, and R, are taken parametrically by the family and are specified later.

There is a single physical good which is produced from a constant returns to scale
technology. The technology is operated by a competitive, representative firm, which hires

private capital, public capital, and labor services. Output is given by
(8) Y= F(Kpta th’ Zth)

where K is the beginning-of-period private capital stock for the economy in ¢, K, is the
beginning-of-period public capital stock used by the private sector in ¢, Z; is the level of
labor-augmenting technology in ¢, and L, is the total labor input in the private sector in ¢.
We assume that the level of technology grows at the constant rate v,: Z, = z(1 + v,)".

We include government capital in production because the federal government financed
increases in industrial construction and producers’ durable equipment during World War
IT, including significant investments in the aircraft, automotive, and aluminum industries.
Gordon (1969) estimates that government-owned, privately operated capital increased the
manufacturing capital stock by 30 percent between 1940 and 1945. (See also Gordon 1970,
Jaszi 1970, and Wasson, Musgrave, and Harkins 1970.) We denote government investment

expenditures by /.



Government purchases of consumption goods are denoted by C,, and government
payments to military personnel are denoted by N,a,w,ly. Total government spending is the

sum of the three expenditure items:

(9) Gy = Cy + Iy + Nyagwyly.

Government capital evolves according to the following law of motion:
(10) Ky =1—0)Kyu+ 1y

with K, and the process for I, given. We assume that private and public capital depreciate
at the same rate §.

The government satisfies present-value budget balance:

(11) ZPth = Zpt[Tkt(Tpt — 5)Kpt + 7wy Ly + Tgtth];
=0 =0

where p; is the Arrow-Debreu price and r is the rental rate on government capital.

We close the model by specifying the functions that the family takes parametrically
when solving its optimization problem in (3). Since firms are competitive, the rental prices
for the factors of production are equal to their marginal products. Therefore, the rental rates
in (4) and (11) and the wage rate in (4) are equal to the partial derivatives of the production
function F' in (8) with respect to K, K,, and L,, respectively.

There are seven exogenous processes in the model, six of which have already been
discussed — conscription (a;), the tax rate on capital income (7y;), the tax rate on labor
income (74), rationing (&), government consumption (Cy;), and government investment
(I4¢). The seventh exogenous process is related to the state of the postwar economy. For the
deterministic model, this postwar state is the actual postwar state of the economy, which
we describe in the following section. For the stochastic model, this process can take on two

values — the actual postwar state or a postwar depression. We allow for the possibility of a
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postwar depression in the stochastic model because wartime surveys show that individuals
as well as professional economists placed a significant probability on the event that the Great
Depression would return after the war. In testimony to the U.S. Senate Special Committee
on Post-War Economic Policy and Planning in May of 1944, economists reported that they
expected a depression.® Their forecasts of postwar unemployment rates were in the range of
14 to 35 percent — much higher than the actual 1946-47 rate of 3.9 percent. Gallup poll
surveys show that households also feared a postwar depression.

In the depression state, the values for taxes and spending are set at their average
levels between 1934 and 1939, and there is a restriction on the number of hours that civilians
can work. We use [ to denote the maximum hours of work; this variable is our seventh
exogenous variable. This is a simple way of generating a depression and is motivated by
Cole and Ohanian (1999, 2001), who present evidence that post-1933 labor and industrial
policies led to cartelization and high wages that restricted employment and output.

The evolution of the seven exogenous variables in the model is governed by a single
stochastic state variable s;; that is, the index of s; specifies a particular set of values for
at, Tits Thty Cot, Igt, G, and l+. The state variable s; is modeled as a Markov chain. This
specification can be used for both the deterministic and the stochastic versions of the model.
If individuals have perfect foresight, the process s, is degenerate. In cases where expectations
are not perfect, we specify the transition probabilities over s;.

We now define an equilibrium for this economy: a collection of allocations for house-
holds cet, cat, let, tpt, and Ky for firms K, Ky, and L,; and sequences of prices 7, 7gt, Wy,
and R; that satisfy the following conditions: (¢) taking prices and exogenous policies for ay,
Tkt, and 7y as given, households maximize utility subject to constraints (4)—(5); (i) taking

prices as given, firms maximize profits period by period Y — 1, K, —r K, —wL,; (iii) factor



markets clear:

(12) Kpt - Ntlfpt

(13) Lpt = Nt(l—at)lct;

(7v) the resource constraint
(14) Cp+1Ip+Cop+ Iy =Y,

holds, where Cy = Nyfaic + (1 — ar)cqr] and Iy = Nyip; and (v) (11) is satisfied.

5. Parameter Values and Fiscal Policy

This section describes functional forms, parameter values, and the specifications for
the exogenous processes. We conduct two types of simulations: deterministic and stochastic.
The deterministic case is the baseline model since it is the simplest case we consider. We
treat the stochastic specification as a robustness check on the deterministic results. We
will later show that the results from the stochastic economy are very similar to those from
the deterministic economy. We first discuss common elements to both economies and then
describe the specification of the exogenous processes for the stochastic economies.

The values of all parameters and restrictions are summarized in Table 1. Preferences

are given by

(15)  Ule,l) =log(c) + ¥ (1 = 1)°/¢,

which implies a compensated labor supply elasticity of (1 —1)/[I(1 — &)]. We choose a
benchmark value of ¢ = 0, which implies log preferences over leisure. We later evaluate
the robustness of our results by choosing an alternative value of ¢ that yields a lower labor

supply elasticity.
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The parameter v is chosen so that hours of work in the deterministic steady state
are 27 percent, consistent with the observed U.S. average time in market work. We also
need to specify the exogenous hours requirement for those in the military — we assume that
l4 = 50/84, which implies that soldiers work 50 out of their 84 discretionary hours per week.
We found that the quantitative results are not sensitive to changes in this value. Period ¢
preferences are discounted by 3°. The period length is one year. The parameter 3 is chosen
so that the steady-state rate of return to capital is 4 percent.

The production technology is
(16)  Flky, kg, 21) = (bk5 + (1 — b)kE) 5 (20)"°.

We assume that government capital and private capital are perfect substitutes, which implies
that p = 1. The parameter b governs the relative productivities of government and private
capital. We assume that these two types of capital are equally productive, which implies
that b = 1/2. We chose 6 = .36, which is consistent with the U.S. share of income paid to
capital.

The depreciation rate (§) for both government and private capital is 7 percent. This
value is chosen so that the model is consistent with estimates of stocks and flows of U.S. fixed
assets. The value of the technology parameter z is set so that model output in 1946 = 1.
The growth rates of the technology parameter and the population are set to their average
values over this period: v, = 1.6 percent and 7, = 1.6 percent.

Realizations of the fiscal variables for the deterministic economy in each period are
chosen so that they are equal to the data. Figures 1-3 show government spending, the
conscription rate, and tax rates. (Appendix A describes the data sources and the transfor-
mations we make to the raw series.)

Figure 1 shows the three components of government spending. Government invest-

ment includes only plant and equipment expenditures used by either the private sector or the

11



civilian government sector. This investment is primarily government-owned, privately oper-
ated (GOPO) capital. Government consumption is defined residually: it is total government
spending less government investment and less military compensation.”

Figure 2 shows the fraction of the adult population (16 and over) in the military. Not
surprisingly, this pattern is very similar to military compensation, with the peak of the series
occurring in 1944, when about 11 percent of the adult population was in the military.

Figure 3 shows the average marginal tax rates for labor and capital income constructed
by Joines (1981). These pictures show that both tax rates rose significantly during the war:
the labor income tax rate more than doubled to about 20 percent, and the capital income
tax rate rose from about 45 percent to about 60 percent.

We now discuss the specification of the stochastic economies. The realizations of
the fiscal policy variables are the same as in the deterministic case (Figures 1-3), but the
expectations of these realizations are governed by a Markov chain over the fiscal state s;.
Introducing uncertainty in the model requires filling in the transition probabilities in the
Markov transition matrix. Since the purpose of the stochastic model is to assess the robust-
ness of our deterministic results, we compute equilibria from the stochastic model for many
different values for the entries in the transition matrix and then compare those results with
those of the deterministic model. We will later see that the results from the deterministic
model are very robust to allowing for uncertainty.

We first describe how we generate the elements for the transition matrix, and then
we describe how we compare the stochastic results to the deterministic results. We generate
values for the transition matrix entries by randomly drawing values. Appendix B describes
this procedure in detail, and we summarize it here. We restrict the draws so that the
average duration of a war, the frequency of war, and the fraction of years in war are similar

to those in the data. For the actual data that include U.S. wars through World War II, the
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average duration of these wars was 3.7 years, the fraction of years a war was started was 4.1
percent, and the fraction of years in war was 15.2 percent.® We therefore randomly generate
probability matrices (500,000 in all) and use all those matrices that satisfy the following
criteria: (i) the average duration of a war is between 2.6 and 4.8 years; (4i) the fraction of
years a war was started is between 2.9 and 5.3 percent; and (éii) the fraction of years in
war is between 10.6 and 19.8 percent. Thus, the range for each statistic is 70 percent to 130
percent of the average U.S. value for that variable.

We now describe how we model the postwar state and expectations of transition to
the postwar state. Recall that we assume that the postwar state can be either normal or
depressed. In the normal state, government spending and tax rates are equal to the average
U.S. values during the years 1946-49. In the depressed state, individuals are constrained to
work at most 80 percent of normal steady-state hours, the average duration of depression
is seven years, and government spending and tax rates are equal to the average U.S. values
during the years 1934-39.

Expectations about the postwar state are based on survey responses in each of the
years 1941 through 1945. We use these responses to set the transition probabilities for
the postwar state. Participants in a Gallup poll in September of 1941 were asked, Do you
think we are likely to have a greater prosperity, or another depression after the present war?
Seventy-eight percent of respondents said, “another depression.” In June of 1942 Gallup
poll participants were asked, Which do you think the United States will have for the first
two or three years after the war — depression or prosperity? At that time, 43 percent said,
“depression.” In June of 1944 and again in May of 1945, a Roper poll asked, Do you expect
we probably will have a widespread depression within 10 years or so after the war is over,
or do you think we probably will be able to avoid it? Fifty-one percent said, “depression”

in 1944 and 44 percent in 1945.° We use these wartime survey responses as the model
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expectations. Appendix B describes this mapping.

To compare the stochastic results to the deterministic results, we plot each variable
from the deterministic model during World War II, and we also plot upper and lower bounds
for that variable for those years from the stochastic model. The upper bound is the value
of that variable such that only 2.5 percent of values from the simulations exceed that value.

The lower bound is defined in an analogous way.

6. Comparing the Model to the Data
We now compare the simulated results of the models with U.S. data during World
War II. We start with a brief description of the U.S. data to which we compare our model.

We then describe our numerical results.

A. The U.S. Data

We compare six variables from the model to their counterparts in the U.S. data from
1942 to 1950. There are four quantity variables (real GNP, consumption, investment, and
hours worked) and two price variables (real wages and the real return to capital). We discuss
the quantity and price variables in turn.

We compare production plus military compensation in the model (Y + wNaly) to
real U.S. GNP. We compare private consumption in the model to U.S. personal consumption
expenditures.!® We compare private investment in the model to U.S. gross private domestic
investment plus foreign net investment. We compare total hours worked in the model to
Kendrick’s (1961) manhours for the national economy. (Both series are measured relative to
the working-age population and normalized by discretionary time.) For both the model and
the data, we report GNP, consumption, and investment in per-capita, detrended terms. In
the model z is chosen so that output Y is equal to 1 in 1946.

We now discuss the data for after-tax wages and returns to capital. Since there is no
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standard measure of the economywide wage rate, we consider four measures: compensation
per hour for the nonfarm sector, compensation per hour for full-time equivalent employees,
compensation per hour for manufacturing, and average hourly earnings in 25 manufacturing
industries. All wage rates are divided by the deflator for GNP less military compensation,
and we construct after-tax wage rates by multiplying each real wage rate by the factor one
minus Joines’ (1981) average marginal labor tax rate. Figure 4 shows these wage data as
indices with 1940 equal to 1. This figure shows slight increases in the nonfarm and full-time
equivalent after-tax real wages relative to trend and a slight decrease in the after-tax real
manufacturing wage relative to trend.!!

We will compare our model wage rate to the manufacturing compensation per hour
shown in Figure 4. Both Mulligan (1998) and Rotemberg and Woodford (1991, 1992) use
data for manufacturing in their critiques of the neoclassical model for World War II. It is
worth noting that there are some differences between our wage rate measure and theirs. Our
measure includes all compensation for all manufacturing industries. Mulligan and Rotemberg
and Woodford both use hourly earnings of 25 manufacturing industries, which is a downward
biased estimate of compensation since it does not include nonwage compensation. Our
measure of the price deflator excludes military compensation, which is appropriate for our
model. Mulligan deflates the wage using the CPI. Rotemberg and Woodford deflate World
War II wages using the GNP deflator, which includes military compensation. Finally, we
construct an after-tax wage using Joines’ (1981) estimate of the labor tax rate. Mulligan
uses the Barro-Sahasakul (1986) tax rate that mixes tax rates on labor and capital income.
Our results are robust to these differences in tax rates and most of the differences in price
indices.

The final variable that we consider is the after-tax return on capital. The return in

the model is compared to after-tax U.S. profits from the corporate and noncorporate sectors

15



divided by the total capital stock. We use Joines’ (1981) average marginal capital income

tax rate.l?

B. Results from the Deterministic Model

We first consider results for the deterministic model without rationing. We begin the
simulations in 1942 because the data are annual and because the United States does not
enter the war until December 1941.13 The year-end 1941 levels of private and public capital,
which are the initial conditions for our simulations, are set equal to the actual 1941 levels for
the United States. We compute equilibria for this model using the finite element method.
(See McGrattan 1996.)

Figures 5A-5F show time series for the model and data between 1942, which is the
first full year of war, and 1950. The solid line is the actual variable, and the dashed line is the
model variable. A successful model for World War II should account for the large increases in
output and hours, the decreases in consumption and investment, and the moderate decreases
in after-tax real wages and returns to capital.

The main finding is that the time series for the model and data are very similar.
Figure 5A shows that real detrended GNP, in both the model and data, rises about 40
percent through the war, with a large decline occurring between 1945 and 1946. Figure 5B
shows that private consumption in both the model and the data falls during the war and
begins rising in 1944. Figure 5C shows that private investment in both the model and the
data are at or near zero through the middle of the war. Figure 5D shows that total hours
— like GNP — rise close to 40 percent in both the model and the data.

Hours worked and output rise in response to the fiscal shock because the wealth
effect arising from the shock outweighs the negative substitution effects arising from higher
income tax rates. The increased spending far exceeds the tax revenues raised over the period

1941-45.
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Figures 5E and 5F show the after-tax factor prices for both the model and the data.
Figure S5E shows the after-tax wage index. The model wage remains flat, falls to about
5 percent below the 1942 level and then rises steadily. The actual after-tax wage index is
roughly constant over the war period and then falls in 1945. By 1950, both actual and model
wages are close to the 1942 level.

Figure 5F shows the after-tax returns to private physical capital. There is close to
a percentage point discrepancy at the start of the war, but the rates are similar at the
end of the war and into the postwar period. Mulligan (1998) has argued that the standard
model would require very high wartime rates to create sufficient pecuniary incentives for
households. Figure 5F shows that the model prediction is actually below that of the data
and yet the predictions for household saving and hours of work are consistent with the data.

Note that we compute deviations between the model and the data for each variable
individually. Some authors use an alternative approach by computing deviations between
the household’s first-order condition that equates the marginal rate of substitution between
consumption and leisure to the after-tax real wage in the model and the data.'* Deviations
in this condition are thus a combination of deviations in consumption, hours worked, and
the after-tax real wage rate. We have also computed deviations in this first-order condition
between the model and the data. The deviation in this condition averages 4.4 percent
between 1942 and 1945 and reaches a maximum of 5.8 percent during this period.

If we assume that the first year of war is 1941 rather than 1942, the results for the
1942 to 1950 period displayed in Figure 5 change very little. There is a discrepancy between
the data and the model in 1941, however, when we start in 1941 because the entire year is
treated as a wartime period. (See, for example, Figure 8 in McGrattan and Ohanian 1999.)

We next introduce rationing into the deterministic model to see if our results change.

Since there are no standard estimates of the effects of rationing during the war, we assume
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that all of the difference between consumption in the model without rationing and actual
consumption is due to rationing. Therefore, we constrain households in the model to consume
no more than the actual level of consumption in the data between 1942 and 1945, and then
we check to see if this affects the model’s predictions for the other variables. Figures 6A—6F
show the results of this experiment. We find that the model’s predictions for GNP, private
investment, hours worked, and factor prices change little. In fact, it is interesting to note
that imposing rationing brings the model somewhat closer to the data.

We turn next to a stochastic version of our model to see if adding uncertainty signif-

icantly changes the findings. We will see that this modification does not change our results.

C. The Results from the Stochastic Versions of the Model

This section introduces uncertainty into the model. We follow the same format for
presenting the results as in the deterministic model: Figures 7TA-7D compare the quantity
variables in the model with the data, and Figures TE-7F compare the factor price variables
in the model with the data. The only difference here is that we are reporting the results of
many simulations on each graph by displaying bounds. The bounds for a particular variable
at a particular date are the highest and lowest outcomes after 5 percent of them have been
dropped (2.5 percent from the top and 2.5 percent from the bottom). We omit rationing in
the stochastic model because it did not significantly affect the deterministic results.!®

Our results are robust to adding uncertainty; the simulations from the stochastic
model are very similar to those from the deterministic model. In fact, adding uncertainty
reduces some of the deviations between the deterministic model and the data, particularly
for investment and hours. We see this by comparing Figure 7C with Figure 5C for invest-
ment and 7D with 5D for hours in the two models. These figures show that for many of the
simulations, hours and investment in the stochastic model are more in line with U.S. obser-

vations at the start of the war than in the case of the deterministic model. If households
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fully anticipate the large increase in government spending that occurs later in the war, then
they invest and work more.

In summary, we find that the stochastic versions of our model, with probabilities
chosen to be consistent with historical wartime experiences, are also quantitatively consistent

with World War II macroeconomic activity.

7. Reconciling the Results with the Literature

This section discusses why our conclusions differ from those of Rotemberg and Wood-
ford (1991, 1992) and Mulligan (1998). We discuss each in turn.

Our conclusion differs from Mulligan’s because of our different analytical approach.
Mulligan does not simulate the effects of the fiscal shock in a model economy, but rather
examines after-tax factor prices and argues that those prices are too low to be consistent
with higher labor input. He states that “empirical support ... cannot be found because
after-tax wages do not appear to be temporarily high during the war period. The primary
force working against wage motives is the massive across-the-board income tax increases
that occurred during the war” (p. 1071). In contrast, our results show that the model is
indeed consistent with a lower after-tax real wage, a lower after-tax return to capital, and
higher labor input. An important reason why labor rises in our model, despite lower after-
tax factor prices, is because of the resource drain of government consumption. To see this,
note that at the peak of the war in 1944, government consumption was about 80 percent
of trend output. This indicates that if labor input had not increased, private consumption
would have dropped substantially.

Our conclusion differs from Rotemberg and Woodford’s because of differences in how
we assess the deviation between the pre-tax real wage in the model and in the data, that

is, the rates in Figure 5E before subtracting labor taxes. The largest deviation between
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the pre-tax real wage index in the model and the pre-tax compensation per hour index for
U.S. manufacturing is 5.6 percent, which occurs in 1945. This difference is due to the actual
pre-tax real wage being 5.5 percent above trend and our model pre-tax real wage being 0.1
percent below trend.!¢

Rotemberg and Woodford reject the standard model on the basis of this deviation.!”
Our view is that the model should not be rejected because of this deviation. One reason
is that the deviation is quantitatively small, and thus could be largely due to measurement
error in the real wage, changes in the composition of output, or other factors that might affect
the wage but that are omitted from our simple model. Another reason is that the assessment
of the model should be based on its predictions for all the variables, rather than just for the
pre-tax real wage. Figures 5-7 compared the model to the data for all the variables and
show that the model comes quite close to capturing the wartime movements in the data.
We agree that introducing some nonpecuniary elements into the model, as advocated by
Mulligan, or some noncompetitive elements into the model, as advocated by Rotemberg and
Woodford, could improve the match between the model and the data, but our results show
that standard theory accounts quite well for the effect of this big fiscal shock.

It is natural to ask how sensitive our results are to changes in the shocks or to changes
in the economic environment. We will focus on changes in tax rates and changes in the labor
elasticity. The next section shows that either taxes would have to be much higher than
measured tax rates or the labor supply elasticity would have to be much lower than that of

the log utility case to choke off the wartime economic expansion.

8. Sensitivity Analysis
This section addresses two questions. First, how high would tax rates have to be such

that, on average, output and hours worked in the deterministic model do not rise during the
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war? Second, how low would the labor supply elasticity have to be such that output and
hours worked in the deterministic model do not rise during the war?

We conduct three tax experiments. The first increases just the labor tax, the second
raises the capital income tax to 99 percent and then calculates the necessary change in the
labor tax, and the third calculates the percentage point increase necessary for both capital
and labor taxes. We find that tax rates would have to be much larger than those reported
by Joines (1981) — or any other estimates of U.S. tax rates — to keep the average values of
output and hours worked during the war equal to their 1941 values.

Table 2 shows the results of the three tax experiments. In the first experiment, the
labor tax rate needs to rise to 32.3 percent — almost twice the estimate of Joines — to
choke off increases in average private hours during the war. The rate has to rise to over 29.8
percent to choke off increases in average private output. Even with the capital tax rate set
to 99 percent, the labor tax rate still needs to be significantly higher than Joines’ estimates.
The values for the labor tax rate are 30 percent for no increase in private hours and 24.8
percent for no increase in private hours. If we increase both rates by equal percentage points,
we need an average labor tax rate of 30.8 percent and an average capital tax rate of 74.1
percent for no increase in private hours; we need an average labor tax rate of 28.4 percent
and an average capital tax rate of 71.8 percent for no increase in private output. These rates
are high compared to the estimates of 18 percent and 61 percent in Joines.

Table 2 also shows the result of the labor supply elasticity experiment. We find that
the labor supply elasticity needs to drop by more than a factor of 5 relative to the log utility
case used in the benchmark model to keep the average value of output equal to its trend
level. To keep the average value of hours worked equal to its trend level, we need to drop
the labor supply elasticity even more, by a factor of about 8. The elasticity for the log

utility case is 2.7 percent, compared with 0.5 percent and 0.34 percent, respectively, in these
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experiments.

The elasticities used in these experiments are much too low for an aggregate repre-
sentative household model. To see this, consider replacing the log utility function in the
prototype business cycle models studied by McGrattan (1994) with (15). We can set
and & so as to achieve the same steady-state hours worked and lower labor elasticities. In
her benchmark case with technology shocks only and divisible labor, a labor elasticity of
0.5 generates a standard deviation of hours worked equal to 0.3; the standard deviation for
U.S. hours is 1.52. (See McGrattan 1994, Table 1.) Similar results are found for her model
with taxes. In that case, a labor elasticity of 0.5 generates a standard deviation of hours
worked equal to 0.51 — again, much lower than that in the data. For a labor elasticity of
0.34, the results are even more striking: the standard deviations of hours worked predicted
by the model are in the range from 0.22 to 0.38 — significantly below the data. This implies
that implausibly low labor supply elasticities are required in our model to choke off the
World War II economic expansion.

In summary, our sensitivity analysis shows that the results are robust to large changes

in tax rates or in the labor supply elasticity.

9. Conclusion

Some economists have argued that neoclassical theory cannot account for the impact
of big fiscal shocks and point to World War II as an important case in which this theory fails.
We have found that standard neoclassical theory successfully accounts for the World War
IT economic boom through the income effects of the enormous fiscal shock. In particular,
we found that feeding in the observed increases in government consumption and investment,
tax rates on labor and capital, and conscription into a standard growth model generates

movements in output, consumption, investment, labor input, wage rates, and returns to
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capital that are very similar to the data. These findings stand in contrast to the views
that standard theory cannot account for changes in factor prices or quantities and that an
alternative theoretical framework is required to understand the impact of big fiscal shocks.'8

The main normative implication is how to finance wars or other large public finance
shocks. Optimal public finance depends on the theoretical framework being analyzed, and
the time path of optimal taxes may differ considerably between a standard neoclassical model
and models with patriotism (put forward by Mulligan 1998) or with large noncompetitive
elements (put forward by Rotemberg and Woodford 1992). Given the success of the positive
analysis of the theory, we find that standard neoclassical optimal fiscal policy developed by
Barro (1979), Lucas and Stokey (1983), Judd (1985), Chamley (1986), and Chari, Christiano,

and Kehoe (1994) is the best tool for evaluating how best to finance large fiscal shocks.
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Appendix A. U.S. Data

In this appendix, we report our data sources and measures.

A1l Sources

e National Income and Product Accounts of the United States, 1929-82 (U.S. Depart-
ment of Commerce 1986) is the source for real aggregates in 1982 dollars, namely,
GNP, personal consumption, government purchases (Table 1.2), and the deflator for
federal compensation of employees (Tables 3.7A, 3.8A).

Fized Reproducible Tangible Wealth in the U.S., 1925-85 (U.S. Department of Com-
merce 1987) is the source for real government investments in equipment and structures
in 1982 dollars (Table B12).

National Income and Product Accounts, 1929-2000 (U.S. Department of Commerce
2001b) and Fized Assets and Durable Goods, 1925-1999 (U.S. Department of Com-
merce 2001a) are the sources for nominal capital stocks (Table 1-KCU) and nominal
national income data (Tables 1.14, 1.16) used to construct wage rates and the return

on capital.

Statistics of Income (U.S. Department of the Treasury, various dates) is the source for
the stock of inventories.

Kendrick (1961) is the source for persons engaged in the military (Table A-VI) and
manhours for the national economy, the civilian economy, the nonfarm economy (Ta-
ble A-X), and manufacturing (Tables A-XI and D-II).

Historical Statistics of the United States, Colonial times to 1970 (U.S. Department of
Commerce 1975) is the source for the population over 16 (series A39), military wages
(series F167), and average hourly earnings in manufacturing (series D830).

Joines (1981) is the source for labor and capital tax rates (Series MTRL1, MTRK1).

A2 DMeasures

To construct per-capita series, we divide by population over 16. Per-capita series that
grow due to technological change (e.g., GNP) are normalized by (1+7,)". Hours measures are
total manhours for the group (e.g., civilian) divided by population over 16 and normalized
by discretionary time (52 weeks times 84 hours per week).

Real GNP and real personal consumption expenditures are adjusted slightly by re-
moving part of indirect business taxes from both, namely, the federal excise taxes and state

and local sales taxes. This makes the data accounting consistent with the model accounting.
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Real government consumption is residually determined from total real government
purchases less real government investment and real military compensation. Government
investment is total federal, state, and local nonresidential investment less investment in mili-
tary equipment and less half of investment in military facilities. Real military compensation
is constructed by dividing nominal military wages by the deflator for federal compensation
of employees.

Wage rate series are constructed for the following three groups of workers: nonfarm,
manufacturing, and full-time equivalent employees. The wage rate for a group is defined to
be real labor income in that group divided by manhours in that sector. For both nonfarm
and manufacturing, we measure real labor income as compensation plus 80 percent of pro-
prietors’ income, with the sum divided by a price deflator. For manufacturing, we also use
deflated average hourly earnings for 25 industries as a measure of real labor income. For
full-time equivalent employees, real labor income is compensation divided by a price deflator.
Manhours in Kendrick (1961) are only available for persons engaged. For full-time equivalent
employees, we assume the same hours per worker as persons engaged. To deflate all wages,
we use the deflator for GNP less military expenditures. For after-tax wages, we multiply the
wage rate by one minus Joines’ (1981) labor tax rate.

The return on capital measure is after-tax profits divided by the total capital stock
(both nominal). After-tax profits is the sum of () after-tax corporate profits; (i) 20 percent
of proprietor’s income multiplied by one minus Joines’ labor tax rate; (74) rental income;
(7v) half of net interest; and (v) the service flow from consumer durables equal to 4 percent
times the stock of durables.!® The capital stock divisor is the sum of net stocks of () total
private fixed assets; (ii) total government fixed assets; (i) consumer durable goods; and (7v)

inventories.
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Appendix B. Stochastic Simulations

In this appendix, we describe the specific steps taken for the stochastic simulations.
In particular, we describe how we compute the results displayed in Figures 7TA-7F of the

main text.

1. Generate 5N (N=100,000) probability transition matrices = (with 7(j,7) equal to the
probability of going from state i to state j) for stochastic variable s; as follows:

(a) 1st N: randomly draw each element from uniform [0,1] and then normalize
columns to sum to 1.

(b) 2nd N: randomly draw each element of the first row from uniform [0,1], randomly
draw each element 7 of the second row from uniform [0, 1 —(1,4)], and so on until
the matrix is filled in.

(c) 3rd N: do the same exercise as for the 2nd N except start with the last row of
the matrix and work up.

(d) 4th N: randomly draw from uniform [0,1] each of the diagonal elements (i,7) and
call these draws 7(i,4). For the first lower off diagonals (7,7 + 1), draw from the
uniform [0,1 — 7(¢,7)], and call these draws w(i,7 + 1). For the first upper off
diagonals, draw from the uniform [0,1 — 7(4,4) — m(¢,7 + 1)] and so on until the
matrix is filled in.

(e) bth N: do the same exercise as for the 4th NV except start with the first lower off
diagonal as the initial draw and then work out to fill in the matrix. Note that,

for our case, we generated 6 x 6 matrices with state 1 being ‘before war,’ states
2-5 being in war, and state 6 being postwar. We include the variations in (b)—(e)
because the uniform draw in (a) generates very few transition matrices that pass
the test in step 3.

2. For each matrix generated in step 1, compute the following statistics:

(a) probability of being in the war states (2-5),
(b) average duration in war,
(c) probability of entering war.

3. Discard all matrices whose statistics in step 2 are not in the range from 70 percent to
130 percent of U.S. estimates.
4. Eliminate all repeats in the set of matrices remaining. Assume that we have M total

matrices in the remaining set.
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5. Convert each of the M 6 x 6 transition matrices denoted 7 into 7 x 7 matrices denoted
IT to allow for two postwar states — no depression (state 6) and depression (state 7)

— as follows:

71:5,1:5 T1:5,6 71:5,6
II = '227{'6,1 '57776,2 -53776,3 -497'(6,4 .567’(’675 76,6 1

.787’(’6’1 '43776,2 -47776,3 -517T6,4 .447'('6’5 0 66 — 1

where I1(j,7) is the probability of going from state i today to state j tomorrow. The
last two rows are based on survey responses. (See main text.)

6. Compute M equilibria using the M transition matrices, with all other parameters held
fixed.

7. Simulate and plot output, consumption, investment, hours, wages, and returns for all
M cases over the period 1942-50. For each series and each year, drop the highest 2.5
percent and the lowest 2.5 percent outliers. Display the upper and lower bounds after

outliers are dropped.
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Notes

'See Rotemberg and Woodford (1991, 1992) and Mulligan (1998) for critiques of the

neoclassical model.

2Other papers examining the effects of fiscal shocks include Rotemberg and Wood-
ford (1991, 1992), Braun and McGrattan (1993), Ohanian (1997), Ramey and Shapiro
(1998), Mulligan (1998), Blanchard and Perotti (2002), and Burnside, Eichenbaum, and
Fisher (2002). One key difference between these papers and ours is that our fiscal shock is
more comprehensive: we include not just government spending, but also taxes, the draft,
government investment, military wages, rationing, and uncertainty over the fiscal shock and
over the post-shock state of the economy. Another difference is that most of these papers
include a lot of data from small fiscal shocks, which makes it harder to disentangle the effects
of the fiscal shocks from other shocks in the analysis. Our paper focuses on the enormous
World War II fiscal shock, which likely dwarfs the effects of other possible shocks.

3See Aiyagari, Christiano, and Eichenbaum (1992) and Baxter and King (1993) for

related analyses.

“This model of the draft, which explicitly preserves the representative agent construct,
differs from that in Ohanian (1997) in which some families were hit by the draft and others
were not. Ohanian (1997) preserves the representative agent construct by assuming separable
consumption and leisure and by assuming that military labor income and private labor

income are identical.

®Because preferences are separable between consumption and leisure, consumption for

civilians and draftees will be equated.

6Testimony was given by Harold Moulton, president of the Brookings Institution;
A.F. Hinrichs, acting commissioner of the Bureau of Labor; Matthew Noll of the Ameri-
can Federation of Labor; and Robert Nathan, representing the Commission for Economic

Development.

"Most of this government consumption residual is military equipment expenditures.
This component is recorded in the national accounts as government investment, but we

treat it as government consumption since it is not an input into civilian production.

8These statistics are from the American Revolution, the War of 1812, the Mexican
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War, the American Civil War, the Spanish American War, World War I, and World War II.

9We did not have survey results for 1943 and therefore chose a probability of postwar

depression intermediate to our estimates of 1942 and 1944.

1OWe subtract indirect business taxes for sales from both GNP and personal consump-

tion expenditures.

1Al of our wage measures exclude estimates of wages of farm proprietors because, in
general, it is hard to estimate the fraction of proprietor’s income that is labor income and,
more specifically, because the relative price of farm output nearly doubled during World War
IT. Accounting for this enormous relative price change is beyond the scope of our one-sector
model. It should be noted that the wages of farm employees are included in our full-time

equivalent wage measure.

2Mulligan (1998) focuses attention on bond returns, which were low during World War
II. We focus on the return to capital, which is relevant for the theory. Another important
reason to focus on the return to capital rather than bonds is the major regulatory policy
changes that took place during the war. McGrattan and Prescott (2002) argue that regu-
lations on production and consumer credit were important contributors to temporarily low
bond returns. Incorporating these regulations into this model is beyond the scope of this

study.

BWe have also conducted our analysis with the simulation beginning in 1941. Our

results are robust to this choice.

14Gee, for example, Parkin 1986, McGrattan 1991, Ingram, Kocherlakota, and Savin
1994, Hall 1997, Chari, Kehoe, and McGrattan 2002, Gali, Gertler, and Lopez-Salido 2002,
and Mulligan 2002.

B Following our analysis of the deterministic model, we compare the stochastic model
to the data for 1942-50. We also ran simulations of the stochastic model beginning in 1940.
We found that the results for the model between 1942 and 1950 were affected little by this.
We also found that the model did a good job of accounting for output in 1940 and 1941 if

we assumed households expected the war with low probability in those years.

16The pre-tax real wage used by Rotemberg and Woodford (1992) in their analysis of
World War II is average hourly earnings for 25 industries deflated by the GNP deflator; in
1945 it is 6 percent above trend. If Rotemberg and Woodford had instead deflated wages by
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the deflator for GNP less military expenditures, as we do, the deviation would be only 0.1

percent.

Tt should be noted that Rotemberg and Woodford compare the actual wage to the
wage in their competitive model using a different approach from ours. They fit a regression
of the change in the real wage on the lagged change in the real wage and a military spending
shock using data between 1891 and 1970. This regression suggests a small deviation between
the theory and the data. They find a small, positive effect of military purchases on wages:
a 100 percent increase in military spending raises the real wage by 2 percent, whereas the
theory would predict a small decrease in the real wage. They also use post-World War II
data and compare the wage in their model to an impulse response of the wage in the data
from a VAR. Their VAR analysis also shows a small deviation between the prediction of the

competitive model and the data.

¥Burnside, Eichenbaum, and Fisher (2002) also report positive results for the neo-
classical model. They find that the neoclassical model, augmented with habit formation
preferences, generates impulse responses that are similar to empirical vector autoregression
impulse responses to fiscal shocks identified by Ramey and Shapiro (1998) during the postwar
period.

YRoughly half of net interest payments are imputed intermediate financial services and

are not included. See McGrattan and Prescott (2000) for details on imputed net interest.
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Figure 6. Results for the Deterministic Model Economy
with Rationing
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Figure 7. Results for the Stochastic Model Economies
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TABLE 1

Parameter Values for Model Simulations

Preferences and technology scale ) =23,6=.0,1;=50/84
Deterministic economy without rationing 0=.9819=23,2=3.6
Deterministic economy with rationing 0=.9819=212=35
Stochastic economies without rationing B=.9719v=23,2=36

Technology b=1/2,p=1,0=.36,6 = .07

Growth v, = .016, v, = .016

Hours limitT l. = 80% (of .27)

Restrictions on Markov Chain'

Average duration of war in [2.6, 4.8] years
Fraction of years a war is started in [2.9, 5.3] percent
Fraction of years in war in [10.6, 19.8] percent

Probabilities of Postwar Depression'?

in 1941 78%
in 1942 43
in 1943 47
in 1944 o1
in 1945 44

T Only relevant for stochastic simulations.
! The probability is conditional on the war ending.
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TABLE 2

Sensitivity Results

Tax Rate Needed for No Change in
Benchmark Avg. Private Avg. Private
Parameter Value Hours Output
Avg. labor tax rate, 1942457 17.9% 32.3% 30.4%
Avg. labor tax rate, 194245 —~ 29.8% 24.8%
with 99% capital tax rate
Avg. labor tax rate and 17.9% 30.8% 28.4%
capital tax rate, 194245 61.2% 74.1% 71.8%
Elasticity Needed for No Change in
Benchmark Avg. Private Avg. Private
Value Hours Output
Labor elasticity 2.7% .34% 50%

T The same proportional increase is made over the benchmark rate per year.
! The same percentage point addition is made to the benchmark rates per year.
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