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1. I n t r o d u c t i o n 

T w o notable features of the U.S. data dur ing Wor ld War II are the large increases 

in civ i l ian employment and average weekly hours. Dur ing the first several years of the 

war, the unemployment rate fell to 1 percent. Once the reserve of unemployed was at a 

min imum, many students, retirees, and women engaged in housework entered the labor 

force and hours per worker increased. In 1943, the midpoint of the war, the fraction of 

civi l ians employed had risen 12 percent above its 1939 level. Average weekly hours in 1943 

had risen 19 percent above its 1939 level. In the postwar per iod, variations in both hours 

per worker and civi l ian employment are also evident. The fraction employed has displayed 

annual percent deviations of about 2 percent, which is approximately 60 percent of the 

variation in total hours of work. The remainder is due to changes in hours per worker. 

In this paper, we use the wart ime and postwar experiences of the U.S. to quantify the 

effects of government purchases on changes in employment and hours. We develop a model 

and derive its predictions for the two labor inputs. We adopt the technology of K y d l a n d 

and Prescott [1991] who assume that the number of hours that a plant can operate and the 

number of employees per plant are choice variables. A l l workers are assumed to work the 

same shift. Thus , the number of hours worked per employee is equal to the number of hours 

that the plant operates. One important difference between the framework of K y d l a n d and 

Prescott [1991] and the model developed in this paper is our assumption about preferences. 

We assume that the disuti l i ty people experience when entering the workforce differs across 

individuals. Heterogeneous costs are intended to capture differences between such groups 

as single men and marr ied women wi th children. For the function that we choose, the 

aggregate costs are increasing in the fraction employed. Therefore, in times of large fiscal 

shocks (e.g., war) both employment and hours per worker are predicted to rise. 

In addit ion to fiscal shocks, we assume that there are shocks to the product ion tech­

nology. For Wor ld War II, technology shocks are dominated by fiscal shocks. Dur ing the 

postwar, however, they play an important role for aggregate fluctuations. Cho and Cooley 

[1992] and Kyd land and Prescott [1991] have found, however, that it is difficult to account 

for the large movements in employment and hours if technology shocks are the only source 

of fluctuations. Cho and Cooley [1992] estimate that technology shocks account for a l i t t le 

over one-half of the variation observed in the postwar data. Simi lar estimates are found 
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by Kyd land and Prescott [1991]. 

We estimate the parameters of our model using annual U.S. data and a two-step 

estimation procedure. F i rs t , we estimate a law of motion for mi l i tary employment by 

applying the maximum-l ikel ihood procedure outl ined in Hami l ton [1989]. In the second 

step, we condit ion on the estimated process for mi l i tary employment and estimate the 

remaining parameters using the simulated method of moments procedure of Lee and Ingram 

[1989]. We use the parameter estimates to make predictions about the response of hours 

of work and employment to fiscal shocks. We find that fiscal shocks are an important 

source of variation in hours per worker and per-capita employment in both wart ime and 

the postwar period. The model accounts for the large movement in hours per worker and 

per-capita employment observed dur ing Wor ld War II. The responses of output and its 

components are also in good agreement with the data. For the postwar, we find that the 

ampli tude of fluctuations in hours and employment for the model is simi lar to that of the 

data. 

In Section 2, we describe the model and equi l ibr ium concept that we use. In Section 

3, we characterize the equi l ibr ium for different assumptions about preferences and tech­

nologies. Section 4 lays out the estimation procedure and reports the est imation results. 

In Section 5, we compare simulations from the model to U.S. data between 1941 and 1985. 

2 . T h e M o d e l 

Ou r model economy is inhabited by a large number of ex-ante identical agents with 

preferences 

E Y , p t { U ( c t 1 e t ) - t , t X ( h t > o ) } , u(c,e) =
 ( c 7 £ 1 7 ) 1 — , 0 < / ? , 7 < l , « > o 

(1) 

where Ct is consumption at date t, is leisure at date t, ht = 1 —1% is the number of hours 

spent working at date t, n< is a measure of the disuti l i ty of entering the workforce in date 

t, x is an indicator funct ion, and E is the expectation operator which is condit ioned on 

the in i t ia l state vector. Each per iod, agents receive a draw of 77, which is identical ly and 

independently distr ibuted over time and indiv iduals. 1 

1 We could also assume that agents' types are determined at date 0 and fixed through time. Assuming 
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W i t h the exception of the term r)tx(ht > 0), the choice of preferences is standard. 

The variable rj is intended to capture costs associated with employment. For example, the 

value of 7? is high for women with young children who would prefer homework to work in 

the market sector. Dur ing the Wor ld War II, the government tried to assess these costs of 

employment. In the March 1943 issue, the Survey of Current Business reported results from 

a Census survey that attempted to characterize nonworkers and their potential as recruits 

for the labor force. "Accord ing to Census estimates, there appeared to be in November 

1942 a volunteer Uni ted States labor reserve of 5,000,000 persons 14 years old and older. 

It was composed of people wi l l ing and able to take full-t ime jobs under certain condit ions. 

[T]his volunteer reserve is composed largely of women, most of whom are engaged in home 

housework. Of these, 83 percent are marr ied and 40 percent are responsible for the care of 

children - largely children under 10 years of age. These family responsibil i t ies obviously 

hinder to some extent their freedom of work." (Survey, March 1943, p. 4 . ) 2 

We assume that an agent that works ht hours with kt units of private capital and k9tt 

units of publ ic capital produces a homogeneous good, yt, wi th the fol lowing product ion 

technology: 

yt=zt{kt + kg>t}0ht, (2) 

where zt is a shock to technology in period t. Note that this technology exhibits increasing 

returns to scale. Below, we explain how the commodity space can be defined so as to avoid 

problems with computing equi l ibr ia. 

In specifying the product ion technology of E q . (2), we assume that private and publ ic 

capital are perfect substitutes. If they are not perfect substitutes, then the marginal 

returns of the two capital stocks differ. In peacetime, when fc9i< is low, its marginal return 

is high and there are presumably large gains to further investment. However, we observe 

most government investment in productive capacity during wartime. Pr ivate and publ ic 

capital are assumed to depreciate at the same rate, 

kt+1=(l-S)kt + it (3) 

kgit+l = (1 - S)kgit + lgit (4) 

the necessary asset markets are available, the two specifications are equivalent. 
2 The term volunteer does not mean work without pay. The volunteer reserve were those willing to 

enter the labor force under certain conditions. 
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where it is private investment at t, ig,t is government investment at t, and 0 < 6 < 1 is the 

rate of depreciation. Government investment is exogenously determined and is taken to be 

a function of the state st in period t. The variable s is a /-state Markov chain with states 

that depend on the level of fiscal spending and whether or not the country is at war. For 

example, to capture high government investment in periods of war and low government 

investment in periods of peace, we can set / = 2, and i9tt = ig(st) high for St = 1 and low 

for st = 2. In this example, the value of s indicates whether or not the country is in war 

or in peace. 

A s in K y d l a n d and Prescott [1991], we allow for costs to moving people between 

the household and market sectors. In part icular, we assume that an indiv idual incurs a 

resource cost of m* in date t if ht — 0 and ht-\ > 0 or ht > 0 and ht-i = 0. Thus , output 

is used for either consumption, investment, or moving between sectors. If the period length 

is short, the moving costs can be interpreted as costs to commuting. For longer periods, 

these costs can be interpreted as hir ing and firing costs. 

The technology shock in equation (2) is assumed to follow an autoregressive process, 

\og(zt) = p log(zt-i) + et (5) 

where et is a serially uncorrelated error term which is normally distr ibuted with mean zero 

and variance a\. 

Note that the product ion technology in equation (2) exhibits increasing returns to 

scale. However, i f we assume capital is specific to a household and that agents buy and sell 

lotteries over bundles of goods, hours, and capital , as in Prescott and Townsend [1984], 

then we can convexify the commodity space. Suppose that agents enter into contracts 

which specify the number of hours to work and the number of units of capital to provide. 

In return for hours and capital , the agents receive consumption goods. Let x(A) denote the 

measure of agents consuming c, working h, and using k, for (c, h, k) £ A. Then , aggregate 

output is given by 

z Jh(k + kg)edx (6) 

which exhibits constant returns to scale if the inputs are the measures, x.3 To compute the 

equi l ibr ium decisions, we can exploit the fact that the competit ive equi l ibr ium is Pareto 

3 If the set of possible (ft, k) pairs is discrete, then output is given by z Ylk ~*~ kg)6xh,k where 
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opt imal and solve the social planner's problem. The current return for the planner is given 

by 

R(I,K,L,N,kg,z,s) = max (1 - a(s)){ f U(c, 1 - h)dx - p(N)} (7) 

where the maximizat ion is subject to 

J cdx + I + m(L, N) + cg(z, s) + ig(s) < z J h(k + kg)edx 

kdx < K 
i 

S d i = i 

x({h > 0}) = N. 

The capital letters, K, I, L, and N, are used to denote populat ion means of the capital 

stock, investment, the fraction employed last period, and the fraction employed currently, 

respectively. The function a is the fraction of individuals in the army and depends on 

the state, s. We have ignored the uti l i ty of those in the army since it depends only on 

exogenously determined variables. The function p is the aggregate cost funct ion, i.e., 

p(N)= I q(j)dj (8) 
Jo 

where q(j) is a monotonical ly increasing function which represents is the cost to indiv idual 

j of entering the workforce. We assume that individuals with the lowest values of rj (= q(j)) 

are employed first. Because 77 in (1) is independently and identically distr ibuted, the group 

of employed individuals may not be the same through time. However, since the aggregate 

consequences are the same for this problem and one with types determined at date 0, the 

assumption on 77 is somewhat innocuous. 

The first constraint (below E q . (7)) for the planner is the resource constraint. Output 

is consumed by households (c), consumed by the government ( c 9 ) , invested privately ( i ) , 

invested publ ic ly (ig), or used in moving people between sectors (m). We assume that 

government investment and government consumption depend on the state s. We have 

also included the technology shock as an argument of government consumption. Th is 

Xh,k denotes the number of individuals who work h hours and use k units of the capital stock. Scaling 
all of the terms Xh,k by « yields K(Z h(k + kg)exhtk-



specification allows us to capture peacetime fluctuations in government spending. The 

function m is the aggregate moving cost funct ion, i.e., 

\N-L\ 

m (L,N) = I r(j)dj (9) 
Jo 

where r(j) is the cost of moving indiv idual j between sectors. The second constraint of 

the planner's problem ensures that the levels of capital chosen by the private sector are 

less than the stock available. The fourth constraint states that the number employed is 

equal to the number of individuals who work a positive number of hours. 

G iven the return function in equation (7), the value function for the planner is given 

by 

v(K,kg,L,z,s) = max{R(I,K,L,N,kg,z,s)+pY,*s'\s J v(K',k'g,L',z\s')g(e)de} 

(10) 

subject to 

K' = (1 - 8)K + I, 

L1 = N, 

equations (4) and (5), and the specification for the Markov chain for s. The function y 

in (9) is the normal density. The function 7r s/| s in (9) is the transit ion function for the 

Markov chain. 

Hornstein and Prescott [1993] show that for the class of problems that includes ours, 

the equi l ibr ium consumption vector places mass on only two points. The first has zero 

hours and zero units of capi ta l , and the agent receives Co consumption goods. The second 

has a positive value for hours and capital and the agent receives c\ consumption goods. 

Thus , we need not search over all possible lotteries. We can restate the planner's problem 

as follows: 
oo 

max S y ^ { n £ C / ( C l , t , l - ^ ) + ( l - n t M c 0 , t , l ) - p ( n < ) } ( l - a t ) (11) 
{ci,t,co,t,«t ,*(.»(} 

subject to 

ntc\tt + (1 - nt)c0,t + it + ig,t + cg,t < *t ^ ' ~ 9 ' ' ^ htnt 

and equations (3), (4), and (5), where c\ is consumption of those working in the private 

sector, Co is consumption of those not working, i is private investment, ig is government 
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investment, cg is government consumption, k is private capital , kg is government capital , 

a is the fraction of the populat ion in the mil i tary, n is the fraction of the populat ion 

employed in the civi l ian sector, and h is the number of hours that the plant is operated. 

T h e terms of the resource constraint are now expressed as per capita values. Thus , per-

capita consumption in t is given by ct= ntC\it +(1 — nt)co,t- The variables at and i9it are 

functions of st and the variable cgj is a function of st and zt. 

To compute an equi l ibr ium for this economy, we compute the decision functions, 

namely Ci(kt + kgJ, nt-x, zt,st), c0(kt + kgtt,n,-i,zt,st), h(kt + kgit,nt-U zt,st), and n(kt + 

kgtt,nt-i,zt,St), that maximize the social welfare function in E q . (11). 

3 . C h a r a c t e r i z a t i o n o f E q u i l i b r i u m 

In this section, we provide a characterization of the model's equi l ibr ium for several 

specifications of preferences and technology. In doing so, we hope to i l lustrate how our 

assumptions affect the simulat ion results of Section 5. 

We start wi th the simplest example. Suppose that the resource (i.e., m(nt-i,nt) and 

ut i l i ty costs (i.e., p(n*)) associated with changing the fraction of people employed were 

both zero. In equi l ibr ium, the following conditions must hold at al l dates t: 

dU(c0,t,l) dU(ci,ul-ht) 
dc0tt dc\ti 

(12) 

dU(cltt,l - ht) dU(citt,l- ht) g x_e 

n< W ( = ^ zt(kt + k„t) nt (13) 

U(clit,l-ht)-U(c0,t,l) = d U { C i . t , l ~ h t \ c 1 < t - c 0 i t - ( l - d ) z t ( k t + kg<t)enTeht). (14) 
CfCi,t 

These conditions follow from the opt imizat ion problem described in Section 2. The first 

condit ion equates the marginal util it ies of those working with those who are not working. 

The second condit ion equates the ratio of the marginal ut i l i ty of leisure of the working agent 

to the marginal benefit of running the plant an extra hour. The th i rd condit ion equates 

the change in welfare due to one more person working to the addit ional output produced 

by having an addit ional employee. W i t h some manipulat ion of these three equations we 

have the following condit ion: 

- f ( i - > , ) l " - t ; ) ' ) ' " " - ' = ( i - » , » - . . as) 

1 — u> 7(1 — u>) — 1 
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Notice that this formula involves only ht and the parameters of the ut i l i ty and product ion 

functions. Therefore, ht must be constant in equi l ibr ium. Furthermore, there are only two 

fixed points of E q . (15). ht = 0 and 0 < ht < 1. Th is follows from the fact that the 

left hand side of the equation is a concave function that is equal to 0 i f ht = 0, equal to 

1 if ht = 1, and has a derivative equal to 1 at 0. If 0 < 8 < 1, then the right hand side 

has a slope that is between 0 and 1. Therefore, the linear function (1 — 6)ht crosses the 

concave function twice, once at 0 and once at some point in (0,1). We can exclude the 

ht = 0 outcome since it is not an opt imum. Therefore, to calculate the equi l ibr ium hours 

decision, we f ind the positive fixed point of E q . (15). 

W i t h only the extensive margin operating, the model is analogous to Hansen's (1985) 

indivisible labor economy. Hansen assumes that the ut i l i ty function has a logari thmic form. 

In that case, the level of consumption of those working equals the level of consumption of 

those not working (en = Cot). Therefore, the preferences are given by 

E T /?'{log(c,) + — ^ log( l - h)nt} 
t T 

where h is the fixed point of E q . (15). Th is is the specification used by Hansen. Fur­

thermore, assuming no government capital , aggregate output is given by hztk1n\~6 as in 

Hansen. 

The problem with assuming that al l of the variation in total hours is due to changes 

in employment is the fact that this assumption is at odds wi th the data. However, if 

resource or ut i l i ty costs due to adjusting employment are nontr iv ia l , then an equi l ibr ium 

wi l l involve variation in both employment and hours per worker. Consider first the case 

with heterogeneous uti l i t ies, p(N) > 0 for some N, and a logarithmic form for U. In this 

case, we replace constraint (14) with 

^ ^ ^ { ( l - * i ) l o g ( l - ht) + (1 - 9)ht} = p'(nt). (16) 

The left hand side of E q . (16) is a function of ht and several parameters. For values below 

the value h which is the positive fixed point of E q . (15), the function on the left hand side 

of E q . (16) is negative. For values above h, the function on the left hand side of E q . (16) is 

positive. Suppose that p(n) is chosen to be equal to zero for n £ [0, n] and str ict ly increasing 

for n > n. One function satisfying this specification is p(n) = pb{(n — p a ) 3 + I" — Pa| 3 } 
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for pa 6 [0,1] and pb > 0. In this case, hours as a function of the capital stock (k) is 

decreasing in k unt i l some level k and then it is flat. Th is follows from equation (16) if 

we assume that low values of n< occur when the capital stock is high. For n j < n, p'(nt) 

is equal to 0 and ht = h. For nt > n, p'(nt) > 0 and, therefore ht > h. Thus , wi th this 

specification, we would predict hours to increase i f the capital stock fell below a certain 

level, say because of a war. 

For a final example, we consider a case with nonzero moving costs. If m(nt-i, nt) > 0 

for some values of n<_i and nt, then the constraint in (14) must be replaced by 

U(cltt,l-ht) - U(c0,t,l) - ^ ^ ' ^ " ^ ' ^ C L t - c o . t - a - ^ C f e t + ^ O V ^ t ) 

'( \ , at? 1 1 _ a ' + i dU(cht+ul-ht+i)dm(nt+i,nt)x 

= p{nt) + pbt{— - - } 
1 — ai ocitt+i ont 

| dU(ciit,l-ht) dm(nt,nt-i) 

dcitt dnt 

Notice that the right hand side is equal to zero if costs to adjusting employment are zero, 

e.g., p(nt) = 0 and m(nt-i,nt) = 0 for all nt, t > 0. In that case, hours are constant. 

Otherwise, the model predicts that there wi l l be fluctuations in both hours per worker 

and employment. Consider, for example, moving costs m(nt-i,nt) = a(nt — nt-i)2. If 

a > 0, then a planner maximiz ing E q . (11) would try to smooth employment over time 

by varying hours as well. For a large, hours per worker rather than the fraction employed 

would be adjusted in response to fiscal or technological shocks. 

4. E s t i m a t i o n 

In this section, we describe the methods that we use to parameterize the model. 

The model's parameters are estimated in two steps. F i rs t , we fit a markov process to 

mi l i tary employment, that captures the effects of wars. Second, we estimate the rest of 

the parameters using the simulat ion estimator proposed by Lee and Ingram (1992). 

We start wi th the parameterization of the law of mot ion for the fiscal policy variables. 

Dur ing the twentieth century, fluctuations in fiscal policy variables have been dominated 

by the effects of wars. We model this property of the data by assuming that mi l i tary 

employment, government investment, and government consumption have a common finite 



state markov component. The markov process is estimated using data on the fraction of 

the working populat ion employed in the mi l i tary. 4 

Assume that mi l i tary employment in time t has the following representation: 

at = st + ut 

where st takes on / distinct values. Associated wi th st is the / x / transit ion matr ix , 7r a-| s, 

wi th element (i,j) given by 

*»'!•(*» = p r o b ( s < + 1 = i\st = j). 

The term ut is assumed to be independently and identically distr ibuted normal variable 

with mean zero and variance a\. We also assume that the econometrician can only observe 

the sum of s< and ut and that st and Ut are independent. Hami l ton [1989] describes 

a procedure for calculat ing max imum likelihood estimates of TT3I\3 and a\. In order to 

evaluate the l ikel ihood function it is necessary to calculate the condit ional density for at, 

i.e., 
m 

/ (o , | f t« ) = = 

1=1 
where fit = (at, ^ t - i ) and s0 = 1. Hami l ton [1991] describes a generalization of the 

K a l m a n filtering algori thm for calculating the condit ional densities. Then , the log-l ikelihood 

of the data is given by 
T 

^ l o g / ( a < | ^ - i ) . 
t=i 

The max imum l ikel ihood estimates for a 4-state representation of mi l i tary employment 

are presented in the upper panel of Table 1. These estimates use annual data running from 

1900 to 1985. Using these estimates we can calculate the smoothed probabil i t ies 

prob(s, = i\Q,r), » = 1,...,T. 

Figure 1 contains a plot of the data for mi l i tary expenditures and the smoothed proba­

bilit ies mult ipl ied by their condit ional means. From this plot we see that the estimates 

4 The data sources are described in the appendix. 
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predict the wart ime peaks for Wor ld War I, Wor ld War II and the Korean war. O n the 

other hand, this statist ical model has more difficulty predict ing the magnitude or durat ion 

of the Vie tnam war and the subsequent decline in mil i tary employment after 1970. 

The remaining parameters are estimated using the simulated method of moments 

estimator proposed by Lee and Ingram (1992). Th is estimator minimizes a quadratic form 

of discrepancies between a set of simulated moments and their analogues in the data. Let 

4> be an / x 1 vector of parameters, {Xt,t = 1 ,2 , . . . , T} be the observations where Xt is 

fcx 1, and let {(Yj(4>)),j = 1 , 2 , . . . , JV} be an k x 1 vector of simulated time series. 5 Denote 

the r x 1 vector of statistics that is calculated as follows: 

1 T 

1=1 

Similar ly, denote the r x 1 vector of simulated statistics as 

1 N 

QN(Y(<f>)) = -Y,i(YM))-

The simulated method of moments estimator proposed by Lcc and Ingram (1992) minimizes 

the following quadratic form in <f> 

IQT(X) - QN(Y(<f>))]'WT[QT(X) - QN(Y(<j>))}. 

Following Lee and Ingram (1992) we set 

^ t = [ ( 1 + ^ ) A t ] - 1 

and use the Newey-West (1987) covariance estimator to construct an autocorrelation con­

sistent estimator of the covariance matr ix 

A = £ { £ tt+rt't+r-i) 
i=-T+l 

where, £t+T = q(Xt+r) — y ^QiXt+r) and r is the number of nonzero autocovariances in 

q(Xt). 

5 In Section 5, we describe the method used to compute the equilibrium and simulate {Yj(<j>),j > 1}. 
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To implement this estimation procedure, we adopt the following addit ional assump­

tions. We assume that government investment, i9it, and government consumption, c9tt has 

condit ional means that follow the same four state markov process that governs mi l i tary 

investment. We also allow government consumption to vary wi th the current state of tech­

nology. Th is is done to capture peace-time fluctuations in government consumption. Our 

specification for c9<t is, therefore, given by 

cg,t = 9(st) + Oog(zt) 

where g(st) is the component of government consumption that is correlated wi th mi l i tary 

spending and (log(z<) is the component that is correlated with changes in technology. 

In estimating the means of government investment and government consumption in 

each state, we condit ion on the estimated time series representation for mi l i tary employ­

ment and the impl ied estimates of the current state. We also condit ion on /? = 0.96 which 

corresponds to a 4 percent annual discount rate and 8 = 0.0793 which is the mean of 

investment over capital in the U.S. data for the sample we use. 

Given these assumptions the parameter vector to be estimated is 

where a is a parameter used in specifying moving costs (i.e., m(nt,nt-\) = a(nt — n t _ i ) 2 ) , 

7 is the weight on consumption in util ity, a is the standard deviation of the innova­

tion to the technology shock, p determines the persistence of the technology shock, pa 

and pb are parameters used to specify the costs of entering the workforce (i.e., p(n) = 

Pb{(n — pa)3 + \n — pa\3}), 0 is the share of capital in product ion, £ governs the covari-

ance of government consumption with technology, and the /z's are the condit ional means 

for government investment and government consumption. Notice that several parameters 

have been excluded from <f>. The mean of c9it in state 1, the means of i9tt in the four states 

of the Markov chain for st, and the risk parameter, w, were all excluded from <f>. Because 

the model is not suited to explain movements during the Great Depression, we started the 

estimation in 1941 so state 1 does not occur. In our simulations, government consumption 

in state 1 was set equal to its uncondit ional average. We set the means of i9it equal to zero 

and assumed that kt + k9tt from the data was simply private capital stock. In this case, 
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it denotes total investment. Th is assumption has no effect on any of the other decision 

variables since the capital stocks are perfect substitutes. F inal ly , we set the risk aversion 

parameter equal to 1, which implies logarithmic util ity. 

We identify the parameters in (f> using the following moments 

q(xt) = ((kt + fc,i)/yi,(c,,i/yOe«,log(z«)log(zi_i),€?,(^)ei,ni,fc?,n?,Cp,«/yi) 

where et is a 1 x 4 vector of ones and zeros wi th a one occurr ing in co lumn i if the mi l i tary 

employment estimates imply that the current state is i. 

Estimates of the parameters in <f> are reported in Table 2 and are based on annual 

data for 1940-1985. Our estimate of the moving cost parameter (a=0.0496) is significantly 

smaller than that used by Kyd land and Prescott [1991] who set a = 0.5. Th is is due 

in part to the differences in data frequency; we use annual observations while they use 

quarterly observations. The estimate for the ut i l i ty parameter 7, which is the weight on 

consumption, is 0.223. Th is parameter is identified by sample means of hours per worker, 

employment, and consumption. The estimates pa and pb imply the fol lowing ut i l i ty cost 

function: p(n) = 1.03{(n — 0.54) 3 + \n — 0.54| 3}. Thus , if the fraction employed exceeds 

54%, there is a positive cost to increasing employment. The estimates of parameters 

governing the technology shock process are p = 0.81 and a = 0.026. T h e share of capital 

in product ion is estimated to be 26.6%. A key moment for identifying this parameter is the 

capital to output ratio. The parameter governing the correlation between the technology 

shock and government consumption is 0.20, imply ing a positive correlation. The remaining 

parameters are the means of the component g(st) of government consumption cgtt. We 

estimate these for states 2, 3, and 4. Notice that p-Cg,2, the mean dur ing Wor ld War II, is 

about three times p.Cg,i, the mean during the Korean War , and about six times / J c , , 3 > the 

mean dur ing the 'Co ld War ' period. 

5. S i m u l a t i o n R e s u l t s 

In this section, we use the parameter estimates described in Section 4 to compute an 

equi l ibr ium and to simulate time series. The results of the simulat ion are compared to U.S. 

data to see i f the model can capture the wartime and postwar movements in employment 

and hours of work. 
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To compute decision functions for consumption, hours of work, and employment, we 

use the procedure outl ined in McGra t t an (1993). 6 To implement the procedure, we derive 

the first order conditions of the opt imizat ion problem in (11). Th is derivation yields two 

intertemporal constraints. We use these equations to compute the consumption function 

for an employed agent and the fraction employed. The consumption function for those 

not working can be found by substi tut ing the c i ) ( and nt functions into the intratemporal 

constraint relating the marginal rates of substitution of the different types. Similar ly, the 

hours function can be found by substi tut ing the C\ti and nt functions into the intratemporal 

constraint relating the marginal ut i l i ty of consumption and the marginal ut i l i ty of leisure. 

In Figures 2 and 3, we plot hours per worker and employment as functions of the capital 

stock (x-axis) and lagged employment wi th the state equal to either 1 (i.e. peacetime) or 

2 (i.e. wartime) and the technology shock equal to 1.0. Notice how different the decision 

functions look for peacetime versus wartime. The functions for st = 1 are steeper and 

higher than those for St = 2. Th is implies a bigger response of hours per worker to shocks 

in wartime. Another key difference is the dependence on lagged employment in the two 

periods. In wart ime, hours are set higher the higher was employment last per iod, but the 

differences are not large. In peacetime, last period's level of employment is an important 

factor for current hours. For example, the difference between the curves marked '0.4,1' 

and '0.5,1' is much larger than the curves marked '0.4,2' and '0.5,2'. F igure 3, which 

displays decision functions for employment, shows a result similar to the hours decisions. 

In part icular, there is a large difference between the decisions in state 1 and the decisions 

in state 2. 

In Figures 4 and 5, we plot hours per worker and employment with moving costs set 

equal to zero. We plot these variables as functions of the capital stock (x-axis) and the 

state (i.e., Sj= 1,2,3, or 4) with the technology shock equal to 1.0. F rom Figure 4, we see 

that at high values of the capital stock, hours per worker is constant. A t low values of 

the capital stock, hours per worker is no longer constant and varies with both the capital 

stock and the state of the fiscal shock. Higher expenditures imply higher hours of work 

per worker. In Figure 5, the choice of pa is clear. When employment is approximately 

equal to 0.53 there is a kink in the function. For low values of the capital stock and high 

6 A technical appendix is available upon request. 
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values of government spending, the planner increases the hours per worker rather than the 

number employed because the costs of moving high-?/ individuals are too high. 

In F igure 6, we plot a simulat ion of government consumption (panel a) hours per 

worker (panel b), and employment (panel c). Th is simulat ion is done with parameters of 

Table 2, the realization of st from the data, and et = 0, t > 0. Notice that both labor 

inputs are predicted rise significantly dur ing Wor ld War II. The model predicts that the 

hours per worker rose 15 percent between 1939 and 1943. In the U.S., this fraction rose 

19 percent. Thus , the cost function has a large effect on the response of hours per worker. 

If the cost function is set equal to zero, the model predicts no change in hours per worker. 

Between 1939 and 1943, the fraction employed in the model rose 28 percent. In the data, 

the increase was only 12 percent. 

Figure 6 also il lustrates the effects of the fiscal shocks that are uncor rec ted wi th 

technology. As expected, these shocks play an important role in Wor ld War II and the 

Korean War. 

For the postwar per iod, our model predicts that the variabi l i ty of employment exceeds 

that of hours per worker. The percent standard deviation for employment is 3.69 percent, 

and the ratio of the standard deviation of employment to the standard deviation of output 

is 0.76. 7 In the data, these figures are 2.02 percent and 0.66. Thus , relative to output, 

the standard deviation of employment found in the model is in good agreement wi th 

the data. The model predicts a percent standard deviation for hours per worker equal 

to 1.42 percent. The ratio of the standard deviation of hours per worker to the standard 

deviation of output is 0.29. These figures for the data are 1.29 and 0.41, respectively. Thus , 

relative to the data, hours are sti l l too smooth. However, these labor market predictions 

compare favorably to specifications considered by Kyd land and Prescott [1991] and Cho 

and Cooley [1992]. Kyd land and Prescott 's specification with moving costs understates 

the relative variabi l i ty of hours per worker to output by one-half. C h o and Cooley who 

consider preferences defined over employment and hours understate the same statistic by 

46 percent. 

We are currently in the process of examining the robustness of our results to alter-

7 Before computing the standard deviation, we take the logarithm of the series and remove the trend 
with the filter described in Prescott [1986]. The realizations of st and ct are derived from the data. 
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native specifications of the ut i l i ty costs of entering the work force and the specification of 

government consumption. In the postwar period there is a significant autonomous compo­

nent to government consumption that we have not yet incorporated into our analysis. 
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Data A p p e n d i x 

private consumption (c<) - consumption of nondurables, services and durables 1987 
constant dollars from N I P A table 1.2, per capita. 

private investment (it) - fixed investment in 1987 constant dollars from N I P A table 
1.2, per capita. 

private capital (kt) - nonresidential plus residential net stock of capital in constant 
1987 dollars from F ixed , Reproducible Tangible Wealth 1925-1988 tables A 6 and A16 , 
per capita. 

government capital - net stock of government owned and privately operated 
capital in constant 1987 dollars unpublished data from U.S. Dept. of Commerce, 
Bureau of Economic Analysis, per capita. 

government investment (ig,t) - constructed from government capi ta l assuming a geo­
metric depreciation rate reported in the text. 

government consumption (cg<t) - government purchases in constant 1987 dollars from 
N I P A table 1.2 net of government compensation of employees from N I P A table 3.8a 
and government investment, per capita. 

output (yt) - the sum of government consumption, government investment, private 
investment, and private consumption. 

working populat ion- populat ion 16 and over from U.S Histor ical Statistics from Colo­
nial T imes to 1970, p.10 updated using p a n l 7 from Cit ibase. 

mi l i tary employment (at) - Mi l i ta ry personnel on active duty d iv ided by working 
populat ion from U.S Histor ical Statistics from Colonia l T imes to 1970 series y904 
updated using various issues of Statist ical Abstract of the Uni ted States. 

civ i l ian employment (nt) - Persons engaged in product ion from N I P A table 6.8A di ­
vided by working populat ion net of fraction employed in the mi l i tary. 

hours per worker (ht) - average weekly hours for product ion workers in manufac­
tur ing from U.S. Histor ical Statistics from Colonia l T imes to 1970 series D803 from 
1929-1946, then from 1947 to 1985 Cit ibase series lph rm, average weekly hours for 
product ion workers in manufacturing from the establishment survey. Th is series was 
converted to a zero to one scale by mul t ip ly ing by 48 (weeks worked per year) and 
then div id ing by 4536, the annual endowment of t ime. 
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Figure 1. Est imates of 4-state Markov process for mi l i tary employment. 

19 



Tab le 1. MLE es t imates o f m i l i t a ry -employment 
Markov p r o c e s s 1900-1985* 

S t a t e M e a n (%) 

1 .309 1.78 0.962 0.000 0.043 0.000 
(0.068) (0.285) (0.029) (0.033) 

2 10.663 1.78 0.000 0.660 0.000 0.115 
(0.243) (0.285) (0.270) (0.114) 

3 1.732 1.78 0.0187 0.000 0.895 0.401 
(0.0898) (0.285) (0.021) (0.057) (0.183) 

4 3.187 1.78 0.020 0.340 0.061 0.485 
(0.268) (0.285) 

•Standard errors are reported in parentheses. The (2,1), (1,2), (2,3) and (1,4) elements of 71 
were constrained to be zero after unconstrained estimation put them on the corner. Standard 
errors are not reported for the fourth row. These estimates are implied by the other three 
rows. 
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Tab le 2. s i m u l a t e d method o f moments 
e s t i m a t e s 

P a r a m e t e r s E s t i m a t e s 

a ( m o v i n g c o s t s ) 0 . 0 4 9 6 

y ( c o n s u m p t i o n u t i l i t y w e i g h t ) 0 . 2 2 3 

p a ( u t i l i t y c o s t s t a r t u p ) 0 . 5 4 0 

p b ( u t i l i t y c o s t c u r v a t u r e ) 1 .031 

O e ( t e c h n o l o g y shock. 0 . 0 2 5 9 
v a r i a b i l i t y ) 

p ( t e c h n o l o g y s h o c k 0 . 8 1 0 
p e r s i s t e n c e ) 

9 ( c a p i t a l s h a r e ) 0 . 2 6 6 

M-cg,2 ( c o n d i t i o n a l means 0 . 1 1 5 
J X C g ( 3 o f g o v e r n m e n t 0 . 0 2 1 0 
| l c g / 4 c o n s u m p t i o n ) 0 . 0 4 0 0 

£ ( c o v a r i a n c e o f t e c h n o l o g y a n d 0 . 2 0 0 
g o v e r n m e n t c o n s u m p t i o n ) 
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Figure 2. Hours per civ i l ian worker decision functions wi th 2 = 1. (Values for 

last period employment and the state s< are given for each curve.) 
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Figure 3. C iv i l ian employment decision functions wi th z = 1. (Values for 

last period employment and the state st are given for each curve.) 
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Figure 4. Hours per civ i l ian worker decision functions with no moving costs, 

a = 0, and z = 1. The four curves are decisions for the four states, st. 

0.65 r- r 

° ' 3 B . 3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 
capital stock 

Figure 5. C iv i l ian employment decision functions with no moving costs, 

a = 0, and 2 = 1. The four curves are decisions for the four states, st. 
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Figure 6. A simulat ion of government consumption (panel a), hours per worker 

(panel b), and per-capita employment (panel c) wi th zt = 1, t > 0. 
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