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ABSTRACT

This paper investigates the role of aggregate shocks on household
consumption and labor supply. It posits, estimates and testis a model where
the equilibrium behavior of agents sometimes leads them to locate on the
boundary of their respective choices sets. The framework is rich enough to
nest much previous empirical work on 1ife cycle labor supply and consumption
based asset pricing. It also yields a structural interpretation of wage
regressions on unemployment. An important feature of our model 1is that
markets are complete. Consequently, aggregate shocks only enter through two
price sequences, namely real wages, and a sequence comprising weighted prices
for future contingent consumption claims which are ultimately realized. MWe
examine the properties of this Tlatter sequence, whose elements may be
represented as mappings from real wages and aggregate dividends.

Our empirical findings may be grouped into three. First, aggregate
shocks play a significant role in determining the choices people make.
Second, we reject for males some of the restrictions implicit in structural
interpretations of wage unemployment regressions. Moreover when these
restrictions are imposed, we find wages are countercyclical, but cannot reject
the null hypothesis of no effect. Third, the null hypothesis that markets are
compiete is not finvariabiy rejected. However, the orthogonality conditions
associated with the asset pricing equation are rejected, even though our
specification of preferences incorporates types of heterogeneity which violate
the necessary conditions for aggregating to a representative agent
formulation. Finally, we reject the cross equation restrictions between the'

labor supply of spouses implied by equilibrium behavior.




1. INTRODUCTION

Several recent studies of labor supply using household data have detected
the impact of aggregate shocks at the individual 1level. In econometric
frameworks explicitly derived from optimization problems individuals face,
Altonji (1986), Browning, Deaton and Irish (1985), Hotz, Kydland and Sedlacek
(1987), Heckman and Sediacek (1985) and Sedlacek and Shaw (1984) rejected a
zero restriction on certain time dummy coefficients. The respective authors
1ﬁterpreted their findings as evidence against the null hypothesis that
aggregate fluctuations do not affect labor supply choices. Bils (1985) and
Keane, Moffitt and Runkle (1986) found that directly including the national
unemployment rate in less structured models significantly contributes to the
explanatory power of their models.

While the models mentioned above have a straightforward interpretation
under the null hypothesis of no effect, a consensus has yet to emerge on
precisely how aggregate shocks should be accounted for 1in analyses of
household data. Chamberlain placed this 1issue on the research agenda,
remarking (p. 1311, 1984): "“A time average of forecast errors over T periods
should converge to zero at T - =. But an average of forecast errors across N
individuals surely need not converge to zero at N » =3 there may be common
components in those errors, due to economy-wide innovations." Hayashi (1985)
tackled this problem using data on consumer expectations; Hotz, Kydland and
Sedlacek (1985) assumed forecast errors are additively separabie into common
versus an idiosyncratic components; Browning, Deaton and Irish (1985)
approximated the asset pricing equation; the model of Heckman and Sedlacek
(1985) 1s static.

The 1issue 1is further complicated when individuals do not invariably

locate in the interior of their choice sets but at boundary points instead.



In such cases the Euler equation methods developed by Hansen and Singleton
(1982) are inapplicable. One approach, taken by Eckstein and Wolpin (1987) is
to extend the dynamic programming solutions proposed by Miller (1984) and
Wolpin (1984) for discrete choice problems to market settings. This invoives
specifying the production technology (along with preferences) to compute
equilibrium prices. However, many panel data sets contain little information
about the production process; therefore, finding ways to investigate the
effect of aggregate shocks on individual behavior which are robust to
alternative assumptions about the production technology would be fruitful.

The solution we seek to this problem appeals to restrictions which hoid
in the competitive equilibrium of an eéonomy with a complete set of markets.
Our analysis builds on the 1ife cycle female labor supply model of Heckman and
MaCurdy (1980). As we demonstrate below, their parameter estimates apply to a
perfect foresight economy with complete markets 1in which prices change
geometrically over time. Bearing in mind the evidence from panel data for
aggregate shocks, our analysis relaxes the assumptions of perfect foresight
and geometric pricing, but retains the assumption that (consumption and labor)
markets are complete. The interest rate and the wage function are stochastic
in our model, and we estimate their equilibrium realizations using two sets of
time dummies, along with the parameters characterizing preferences. The
coefficients on one sequence of time dummies we estimate are interpreted as
discounted prices of contingent claims which are realized along the
equilibrium path; the coefficients on the other sequence represent real wage
rates. Section 2 Tays out our approach.

Admittedly, the assumption of complete markets seems strong.
Nevertheless, it is observationally equivalent to a procedure adopted by

Browning, Deaton and Irish {1985) and Altonji (1986) in an incomplete markets




setting; they approximate the asset pricing equation in order fo estimate an
interior first order condition for male labor supply. MaCurdy (1983) also
uses a similar approxima£1on when estimating monotonic transformations of the
current utility function. The advantages of explicitly acknowledging the
nature of their approximation are twofold: 1t reveals other situations which
become amenable to analysis under the approximation, namely corner solutions,
and suggests methods of checking the accuracy of the approximation.

Section 2 concludes by 1listing several ways of testing the null
hypothesis that markets are complete. One of these tests, which we
subsequently undertake in our empirical work, stems from the alternative
hypothesis that asset markets are incomplete, but individuais may choose,
sequentially, the number of hours they wish to work each period, subject to a
given wage rate. Then the marginal rate of substitution between current
consumption and TJeisure egquals the real wage rate for +those people
participating in the Tlabor force. Under the null hypothesis of complete
markets, an estimation strategy based on this condition, exploited by MaCurdy
(1983) in his study of male labor supply, 1is consistent but {inefficient.
Hence, a specification test can be constructed by comparing it with the
estimator we propose (which is more efficient under the null hypothesis but
inconsistent under the alternative).

Because of their central role in our analysis (and indeed more
generally), the theoretical properties of the discounted prices for contingent
claims are finvestigated in Section 3. We show these prices are lagrange
multipliers for a social planner's problem associated with the competitive
equilibrium, and may be expressed as mappings from aggregate dividends and
real wages. Under certain conditions, the prices (or multipliiers) covary

negatively with aggregate dividends and with real wages.




The latter relationship (between prices and wages) bears directly on the
question of whether real wages are procyclical or not. Many previous studies
have regressed average wage rates on unemployment to answer this question.
(For example see Bodkin [1969], Neftci [1978], Sargent [1978], and Geary and
Kennan [1982].) Recently Bils {1985) and Keane, Moffitt and Runkle (1987)
addressed this issue with panel data. Our framework nests their wage and
participation equations. Several auxiliary assumptions are required,.however,
to yield a structural interpretation of the unemployment coefficient in a wage
equatfon (as a price transformation). When these assumptions are imposed, our
prediction above (that discounted prices for contingent claims should covary
negatively with real wageé), only partially corresponds to the classicist's
view that wages should be countercyclical.

Section 4 lays out the parametric forms for the preferences and labor
productivities subsequently estimated. We consider specifications in which
both exogenous and endogenous time varying components enter nonadditively with
(food) consumption. These features may be justified in terms of a home
production function, but they also have ramifications for the intertemporal
capital asset pricing model. Using time series data on aggregate consumption
and financial returns, Hansen and Singleton (1982) estimated the preferences
of a representative consumer using orthogonality conditions derived from the
(expected) marginal rate of substitution between goods consumed at different
dates. They found asset prices were too volatile relative to consumption and
rejected the overidentifying restrictions. (Similar findings were later
reported by Mankiw, Rotemberg and Summers [1985], Dunn and Singleton [1986]
and Eichenbaum, Hansen and Singleton [1987].) A potential source of this
rejection is that the data might not satisfy conditions necessary for

aggregating over a heterogenous population. By testing a model which does not



rely on the representative consumer paradigm at all, we can investigate
whether imposing such conditions explains why the intertemporal capital asset
pricing model fails.

Our empirical methods and results are discussed in detail in Section 5,
while the final section concludes the paper with several remarks that stem
from these results. Estimation was conducted in three phases. First, we
estimated the female labor supply and wage eguations by themselves using
maximum T1ikelihood (ML) to see how well aggregate shocks can be detected in
our data. A similar exercise was then undertaken for males in the larger
sample, partly to investigate aggregate shocks, but mainly to assess the
importance of sample selection bias that arises from exciuding males who do
not participate in the labor force every period. Second, generalized methods
of moments (GMM) estimators were formed with the smaller sample to test the
complete markets hypothesis and address the separability issue. From
orthogonality conditions associated with the marginal rate of substitution
between the husband's Teisure and food consumption, we cobtained estimates of
the marginal rate of substitution function. These orthogonality conditions
were then augmented with other ones derived from the first order conditions
for household consumption, the hushand's Jleisure and financial assets. The
third phase, combined the equations characterizing how husbands and wives
allocate their time to test whether the contingent commodity prices that wives
are facing differ significantly from those of their spouses. In this phase
GMM estimators were derived from orthogonality conditions associated with the
scores for the wife's labor supply and wage equations, and added to those used

in the second phase.




2. A FRAMEWORK

The Role of Complete Markets in Identification and Estimation.

This section describes a method for estimating models in which agents
sometimes choose corner solutions in equilibrium, and indicates ways of
testing its main premise, that a complete set of markets exist. Although the
method applies to many competitive environmenis where markets are complete,
our empirical study is based on information about consumption and Tabor supply
choices by households. For this reason we Tet Cpt Stand for choices which, in
equilibrium, invariably satisfy a first order condition with equality, and 1.,
stand for those choices which might not.

More specifically, let c,; denote the consumption of the ntt household in
period t ¢ {0,1,..., T }, where 1 1is the last period in a finite horizon
econcmy; let Tht denote a vector of leisure for the individuals belonging to
it. Suppose Int has only two elements, corresponding to the leisure time of
spouses within each household. Then 1., = (T1n¢s Tont) where Ts.4 ¢ [0,1]
measures the proportion of time in period t the ith member of household n
spends in nonmarket activities. Households are identical up to a vector of
time varying characteristics Z,- We assume an individual's labor supply can
be measured in efficiency units which depend on these time varying
characteristics. Let hint denote the labor supply of the ith pember belonging

to the nth household in period t weighted by an efficiency index Ti(znt)'

hint = Yi(Zpe) (1 - Tine) (2.1)

Suppose 3 € A describes the state of the economy in period t, and at =

(al,...,at) represents the history up until then. The nth household is active



between dates n and A (where O < n <n < 1), having preferences which are
defined over sequences {1n(at), cn(at), zn(at)}i;n, where we now acknowledge
the (potential) dependence of (1nt’ Chts Zpt) oaﬂat. (There is no private
information in this economy.) We assume households obey the expected utility
hypothesis and have rational expectations, preferences taking the time
additive form

n
t

E0 [Etégs u“nt’crﬂ:’zn‘f.)I (2.2)
where EO(-) denotes expectations taken over seguences a" ¢ An, the scalar
g ¢ (0,1) is a common subjective discount factor, and u(]nt,cnt,znt) is

concave increasing in (1,.,c,) for each zp.
Given the efficiency units assumption embodied in (2.1), one condition
which holds in all the competitive equilibria we investigate is that spot

1abor wmarkets exist, so if 1int < 1 then
wo . = w(ab) v.(z_.) (2.3)
int TiVont .

where w(at) represents the real wage of a standard unit of labor in peried t

conditional on history at.

In a competitive equilibrium with complete markets, household n maximizes
(2.2) by choosing 1n(at) and cn(at) for each at ¢ Al and t ¢ {Nyeos,n}
subject to a 1lifetime budget constraint. Accordingly, denote by "n the
Lagrange multipiier for the 1lifetime budget constraint of household n and
p(at) the price of a consumption unit contingent on history al and delivered
on date t. Also Tlet B(at) denote the probability (density function) of at

occurring and define x(at) to satisfy the equation



p(at) = gle(at)r(a®) (2.4)

Thus A(at) is a weighted price of a contingent consumption claim; the claim
is for a unit to be deiivered at date t only if at occurs; the price is
weighted by the (common) subjective rate and the probability (density) of
at. Summing (integrating) over at ¢ AL, it follows that BtEolx(at)l is the
price of a date t consumption unit. Subsuming the at notation, it follows

that the budget constraint for the nth household may now be written
EOn et lc, - 52 (1-1, Jw, .1} <c (2.5)
0*4t=n" "t'"nt i=1 int/7int’ T Tn -

where Cps an exogenously determined quantity, is bequests net of inheritances.

The first order conditions for the nth household are

v

Us (Tt sCpgsZnt) 2 npdiWing (2.6)

U3(TntsCntaZnt) = it (2.7)

where UT(1nt'cnt’2nt) is the partiai derivative of “(Tnt'cnt’znt) with respect
to the ith argument and (2.6) holds with equality wherever Ting < 1. Let
1;(at) and ca(at) denote the optimal leisure and consumption plans for
household n in equilibrium (as mappings from at). Clearly, conditions (2.6)
and {2.7) hold for all al ¢ AL, but as econometricians we only observe (a
subsequence of) fhose allocations along the realized path Et. Therefore our
strategy is to estimate g, u and y; from observations on 1;(5t) and cg(ét)
5

for different n and t, treating n,, A(Et) and w(a as parameters too.




Incomplete Markets

Now suppose that markets are not necessarily complete but there still
exist assets r = R which households may trade each period for current
consumption and Teisure. Let s,.(r) denote the mapping which represents, for
such r, the quantity of asset r held by the nth household in period t, qt(r)
its price and dt(r) the associated dividend. In this case, household
opportunities cannot be modeled with a single lifetime budget constraint.

Instead, there are a sequence of constraints of the form

IreR{qt(r){snt(r) B Sn,t+l(r)1 * dt(r)snt(r)} = Cnt T Z§=1(1 - 11‘nt)w1'nt
(2.8)
for each a%, where t ¢ {Nye.e,n-1}. Now the household maximizes (2.3)
subject to (2.8), as well as some initial and terminal conditions which are
respectively dictated by inheritances and bequests. Accordingly, define
xn(at) such that e(at)stxn(at) is the multiplier associated with the
budget constraint for history at. The first order conditions for this problem
are

u (2.9)

i(1nt’cnt’znt) z Antwint

Us(TpeaChioZng) = Ane (2.10)

Ang = BEt[Xn,t+1 nt(r)] (2.11)
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where An(at) has been rewritten as iy and  =.(r), the real return on the

th

r-" asset in time t, is Jjust

m (1) = (g, (r) + dy, (7)) 1/1q,(F)] (2.12)

Previous studies have used conditions analogous to (2.9), (2.10) and
(2.11) to estimate and test 1ife cycle models of consumption and labor supply
which assume interior solutions. Notable among these studies are those by
MaCurdy (1983), Browning, Deaton and Irish (1985) and Altonji (1986). In
order to identify and estimate their respective models, however, the two
Tatter studies approximate a version of (2.11). {(MaCurdy's approach fis
similar.) This 1is done to substitute out the household-specific Lagrange

multipliers x,i. Now (2.11) can be expressed as

Mg = Bln,t+1"t(r) - € (2.13)

where is a forecast error orthogonal to at. Taking Tlogarithms in

E
t+1
(2.13) and expanding the right hand side in a Taylor series to the first order

yields
zn(knt) % zn(xn,t+1) + Ln[snt(r)l - e§+1 (2.14)
where a¥+1 is another disturbance. Their approximation to the first order

condition is now obtained by taking the logarithm of (2.10), differencing and
usfng (2.14) to substitute out the right-hand side of this expression. Llet a

denote the first difference operator. Thus
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agn[u3(1nt,cnt,znt)] = Azn(knt)
» s% - Qn[Bnt_l(l"))] (2.15)

Because e% and nt_l(r) do not depend on the characteristics z, of
household n (unless there is private information in the economy or the asset
market is subject to price discrimination), the second 1ine in (2.15) can be
treated as a fime dummy, the procedure adopted in the studies cited above.
Their approach 1is equivalent to assuming markets are complete. First

differencing the logarithm of (2.7) we directly obtain
Azn[u3(1nt,cnt,znt)] = Azn(xt) (2.16)

In other words, if these authors appeal to the assumption of complete markets,

their approximation in (2.15) is exact, with

Aﬁn(kt) = s§+1 - zn[snt(r)] (2.17)
Let the data set contain T observations on N households. By comparing
(2.7) with (2.10), notice’ the assumption of complete markets 1mposestT -

(N+T) restrictions of the form
A, = N2 (2.18)

The restrictions in (2.18) cannot be tested directly, because under the
alternative hypothesis that markets are incomplete, the parameters i ; are

unidentified. Nevertheless, parameterizations of our framework which impose
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the restrictions in (2.18) are capable of being rejected by data using
standard econometric techniques. In other words, there are ways of testing
how robust approximation (2.15) is. Four such kinds of tests are undertaken
here. First, the method of moments approach to estimation yields
overidentifying restrictions which form the basis for omnibus specification
testing. Second, previously estimated models can be nested within our more
general framework; in terms of the restrictions they imply for the sequence of
time effects {At,wt}zzl, so the extra restrictions they impose can be
tested. Third, when more than one choice per household is observed in period
t, an estimate of Mg is obtained for each choice; 1if these differ
significantly, then households appear schizophrenic, optimizing against
different sets of prices for different choices. (Similarly, households can be
partitioned to investigate whether they all apparently belong to the same
economy . }

The fourth kind of test explicitly focuses upon the complete markets
hypothesis. For certain parameters are identified under wmuch weaker
assumptions about market structure, a fact which is exploited by MaCurdy
(1983). MWe now show this provides a basis for testing whether markets are
complete or not. Suppose that under the alternative hypothesis spot markets
exist for two or more choice elements which invariably have intericor soiutions
in equilibrium. Then their marginal rate of substitution function can be
estimated using instrumental variables. Under the null hypothesis of complete
markets, the orthogonality conditions associated with that marginal rate of
substitution may be augmented with additional orthegonality conditions which
come from the marginal utility equation that one of the goods must satisfy in
equilibrium. For example, upon substituting (2.10) into (2.11), the resulting

asset pricing equation may be estimated. In other words, provided the nth

h

household can trade in the rt asset,
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Eglomy (r) Ug(Ty ti1oCn, e412%n, 0410/ (U300 e oy Zpg) 1 = 1. (2.19)

Similarly, if the second family member (say) invariably works each period in
the 1labor force, the marginal rate of substitution between consumption and

(his) Teisure is the quotient of (2.9) and (2.10),

Up (Vg o€t s Zne U (T sCreeZny) = Wont (2.20)

Thus the idea is to estimate {2.19) or (2.20), and then see whether the data

rejects the additional restrictions imposed by (2.7) or (2.6).
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3. AGGREGATE SHOCKS

Wages, prices and dividends

This framework can also be used to investigate aggregate shocks, which
enter our analysis through their effect on the sequence {kt’wt}§=1' Without
specifying the aggregate production function, it s 1impossible to deduce
precisely how x; and wy depend‘on at. Nevertheless, for any given history at,
we can paritially characterize how A(at), w(at) and dividends d(at) are
related to each other. In addition, under some weak assumptions about the
stochastic process for dividends and wages, some properties can be deduced
about the covariation between realizations of A(Et), and w(&t) as well as

x(it) and d(Et). The former set of results is now derived by exploiting
the finterpretation of Ay as a lagrange multiplier in the social planning
problem for this competitive equilibrium. Given at, total dividends d; and
the marginal product of labor wy are determined by aggregate employment and
investment. For the sake of the exposition, suppose these have already been
optimaily determined; then the social planning problem reduces to solving the
consumption and leisure choices of active households in the tth period (given

al). That is

max
_ -1
V(wt’dt) - {hlnt'hznt’]nt’cnt}{EneNt”n u(1nt’cnt’znt)

+agldy + zneNt(hlntWt + hopgty = Cpp) 1) (3.1)

where n;l is the social weight attached to the nth household, hy .+ and hyy

are defined by (2.1), while v(wt,dt) is interpreted as an indirect utility
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function for the social planner. The first order conditions for (3.1) are, of
course, (2.6) and (2.7).

Differentiating (3.1) with respect to d;, the envelope theorem impiies
Ay = VZ(wt’dt) (3.2)

Thus x; 1is the shadow price of aggregate consumption to the social planner.
Noting V(wt'dt) is concave in dg, it follows that x; is decreasing in d;.
Higher current dividends are associated with poorer investment opportunities
or favorable shocks to the current production technology. Either way, the
price of goods is Tower, inducing households to consume more.

The relationship between Ay and wy is ambiguous at the most general Tevel
(for v(wt,dt) is not necessarily concave in wt). However when current utility
u(]nt,cnt,znt) is additively separable across. Typ¢, Tp,p and cpy (one
possibility our empirical study investigates), we can show i, decreases in wg
by differentiating the budget constraint for the social planner's problem. In
this case, from {2.6) and (2.7), the Frisch demands for household consumption
and individual Tleisure may be respectively written as c(nnxt,znt) and

AW, ,2Z for 1 ¢ {1,2}. Using prime superscripts to denote their

11 (AW sZne)
derivatives with respect to the first argument, it follows from (2.1) and the

Lagrangian constraint in (3.1) that

2 |
di, ZnsNtzi=1[hint = Y (2 )1 (e s 2 ) |
dw = 1 2 2 1 {3'3)
t EneNt["nC (nprpszpe) + Diopngwery (2o T (phewe sz ) ]
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If U(T,tsCntsZnt) Ts concave and additive in (1,:,C,¢). then (2.6) and (2.7)
imply for 1 e {1,2} that ]%(nnxtwt’znt) and c'(nnxt,znt) are negative;
consequently (3.3) is too.

To derive results for the covariation of Af and Wy (as well as xi and
d¢), some assumptions are made about the joint distribution of w(&t) and

Et"l. In an economy which allows for physical

d(&t), conditional on
investment, and where production depends on multiple inputs such as labor and
capital, these assumptions amount fo restricting equilibrium processes,
because wt'and d; are both endogenous. [t is possible, however, fo construct
a simple economy, where dy represents service flow from assets of the type
Lucas (1978) analyzed, where Wy output units are produced per efficiency unit
of Tlabor unit, and where there is scope for neither investment nor storage.
In this asset labor economy the exogenous {wy,d;}{_; process characterizes the
production technology, equation (3.1) representing the associated planning
problem. Thus, while our analysis applies to much richer environments, this
interpretation of our framework should be kept in mind as we investigate the
implications of different assumptions for the {wt,dt};ﬁ:=l process. Since our
empirical results are derived without using data on capital stocks and
investment opportunities, it serves as a convenient benchmark for thinking
about the effects of aggregate shocks.

Assume a Jjoint probability density function exists for Wi and dt'

Etul

conditional on . Denote by f(dtlwt) the probability density function

~t~1)

for d; conditional on wy (and a and f(wy) the marginal density function

for wy (again given Et'l).

If f{di|ws) has a monotone likelihood ratio
property (in wt), and l(wt,dt) is decreasing in w;, then the mapping (3.2)
generates a negative covariance between A and wy as well as between Ay and
wy. Under these assumptions, E(Atlwt) is decreasing in w; also. To prove

this claim, observe for all Wy < Wp,
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E(rplwy) = [UIn(wyady) - a(wp,d ) IF(dwy) + a(wy.d ) F(d; |w,)rdd,

A

fx(wl,dt)f(dtlwz)ddt

IA

fx(wl,dt)f(dt|w1)ddt

= E(At[wl) (3.4)
The second 1ine in (3.4) is true because r{w,d;) decreases in w;; the third
follows from the assumption that F(dt[wz)/f(dt|wl) is nondecreasing in w;.
(See Ferguson [1967])}. Given E(At[wt) is decreasing in wy, there exists a

unique w* such that E(x|w*) = E{x). Hence E(x|w) > E{(x|w*} if w < w* and vice

versa. Therefore
cov(hy W) = fwt[E(Atlwt) - E( ) I1F(wy )dw,
= f(wt-w*)[E(Atlwt) - B} IF(wy )dwy (3.5)
Because (w.-w*) and IE(Atlwt) - E(x¢)] are of opposite sign, cov(i;, wg) <0
as claimed. An analogous argument shows CDV(At,dt) < 0 1{if the conditional

density of wg given di has a monotone 1ikelihood ratio (in di).

Wages and Unemployment

The introduction cited several studies which finvestigated how wages
fluctuate over the business cycle by regressing them on the unemployment

rate. These regressions have a structural dinterpretation within our
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framework, if three further assumptions are made. Given these assumptions,
including unemployment as a regressor fully captures the price effects of
aggregate shocks. This result rebuts Neftci's criticism of Bodkin (1969) for
"jgnoring the dynamics of the underlying problem" (p.283,1982) by not
including lagged unemployment in the wage equation. Moreover, as explained
below, the assumptions are not directly related to the time series properties
of aggregate shocks, but concern the functional form preferences
u(1nt,cnt,znt) and the efficiency index y(znt) take, the population
distribution of household characteristics Znts and the 1ink between current
dividends and real wages.

One reason for regressing wages on unemployment is that the classicists
predicted wages are countercyclical, because they beiieved the marginal
product of Tlabor declines with employment and the capital stock is fixed in
the short run. Amongst others, Neftci (1978) and Geary and Kennan (1982) have
criticized this viewpoint, arguing that the demand curve for labor might shift
even if the capital stock is fixed because of changes in expected future
returns. Consequently observed wage employment pairs would not lie on the
same Tlabor demand schedule. Our general equilibrium framework accommodates
shifts in both the supply and demand curves for labor; interpreted as an asset
labor economy it predicts cov(xt,wt) < 0. It turns out that, under the three
assumptions mentioned above, this prediction is not equivalent to saying wages
are countercyclical.

These issues are now explored in more detail. The first assumption is
that us(TyppslaChpszne) and vp(z,¢) are log Tinear in z,, alone. Defining the

row vector of characteristics Ent = (“’Zﬁt)’ it immediately follows that

zntB = gn[uz(1nt,1,cnt,znt)/n72(znt)] (3.6)
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where B is a constant vector. Second, the random variable EntB is assumed
to follow a uniform distribution across the population of active households,
with support [0,k], where k is some positive constant {not depending on at).

Thus for each n ¢ Nt

Pr[intB <Al = afk (3.7)
The third assumption restricts equilibrium prices via the equation
(3.8)

Our empirical analysis adopts a parameterization which treats the first
assumption as a maintained hypothesis, does not impose the second, and tests
the third as a specialization. Notice the second assumption has ramifications
for the distribution of unobservables. In particular, (3.7) is inconsistent
with an assumption, typically made in workforce participation models, that the
unobserved characteristics are normally distributed (thereby having unbounded
support). Also, under (3.8), dy 1is completely determined by wy f1f the
population distribution is stable. For substituting Ap out of the constraint
associated with (3.1) using (3.8) yields

k k
- 1 2 1
dy = ZneNt{c(nnkowt MeaZpe) = L5 qWehs(npkgwe "W,z )] (3.9)

To derive the wage and participation equations, we begin by observing
that in a Targe economy with a competitive equilibrium, the unempioyment rate

of males at date t, denoted Ut s is Jjust the probability of a male not
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working, calculated with respect to the distribution of socioceconomic

characteristics across the active population. Hence

vpp = Prienfuy(Ty .. 1aC052000 ) nprp(zp )] < an(wag )

PriZ B < 2n(wtxt)}

T

k'lzn(wtkt) (3.10)

The three 1lines in (3.10) follow from (2.3) (2.6), (3.6) and (3.7)
respectively. Define the participation index dont to equal 1 if a male

participates and 0 otherwise. Appealing to (2.3) (2.6), (3.6) and (3.10) we

obtain
1 if z B 2 kv
dope = 1" 2t (3.11)
0 if ZntB < kUZt
Also {3.10) and the Togarithm of (3.8} imply
an(w,) = (1K) ko, + (1+k)) Lan(ky) (3.12)
Substituting for an(wt) using (3.12), the logarithm of {2.3) becomes
-1 -1
an(w2nt) = an[yz(znt)] + k(1+k1) oy + (1+k1) zn(ko) (3.13)

for 1 = 2. (Recall the first assumption linearizes the first expression in

(3.13).)
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As k > 0, wages are said to be countercyclical if kq > -1 and procyclical
if k; < -1. Moreover estimates of k; obtained directly from equation (3.8)
may be compared with those estimated from wage and participation and
equatidns. For dividing the coeffictent on unemployment in (3.11) by the
corresponding coefficlfent in (3.12), and then subtracting 1 yfelds k;.
However, while the derivation of models which regress unemployment on wages
depends on all three assumptions made above, in our empirical analysis we can
directly estimate k; and test the resirictions implied by (3.8) without
invoking the second one.

With some minor modifications to the analysis presented in the first part
of this section, our framework predicts that kl < 0 providing (3.8) holds.
This prediction intersects with classical beliefs 1if and only if

-1 < k1 < 0. As before, suppose preferences are additive between current

consumption and leisure; then (3.3) implies un(A decreases in zn(wt).

+)
Likewise, from the discussion surrounding (3.4) and (3.5), it then follows

that zn(kt) and an{w have a negative covariance if the probability

t)
density of ln(dt) conditional on zn(wt) has a monotone likelihood ratio.
But under (3.8), mn(kt) and gn(wt) are perfactly correlated, and the sign

of ky determines whether this correlation is negative or positive.
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4, AN EMPIRICAL SPECIFICATION

Parameterizing Preferences and Labor Productivity

Our data consist of observations on wmarried couples plus their
dependents. Accordingly, denote by 11nt the wife's leisure in the nth family
during the tth period, 12nt the husband's, Cht the household's current

consumption and assume u(]nt,cnt,znt) takes the form

o (1-v)o

_ 0 91 Ao
u“nt’cnt’zﬂt) - Go(znt)cnt1lnt <+ “Gl(znt)]lnt * 6Z(ZntNZnt (4.1)

where v ¢ {0,1}.

The measure of current consumption we adopt is food expenditures.
Presumably the household's marginal utility for food depends on the family's
size, age and possibly sex composition. Furthermore, given the variety of
choices avaiiable to shoppers over the degree to which ingredients for snacks
and meals are processed, we should think household members, especially the
mother, spend different amounts of homemaking time in food preparation. So,
following Becker (19658}, it is plausible to postulate utility from current
consumption is generated by a home production function which depends
nonadditively on female time spent homemaking and market inputs. For
computational reasons, however, the analysis is restricted to the cases

v ¢ {0,1}; thus v is an indicator variable which determines whether current
utility is separable in female normarket time and consumption or not.

The utility indices 51(znt) and the efficiency indices Yi(znt) are
log linear in z,. (Thus the representation given by (3.6) holds.) More
specifically, Jet x,4 be a k x 1 column vector of exogenously given socio-

economic time varying attributes of the household such as its size, age and
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sex composition, observed by the economeirician. Suppose certain other

3 3 1
characteristics denoted by Usns Vips Uspy

Letting By; and Bo; denote k x 1 column vectors of parameters to be estimated,

and Vipt are not observed.
then

anlsg(zpp)] = xuByy +ug) + Uy Pe {0,123 (4.2)

En[Yi(znt)] = xr'“:Bz,_i Ve Ve ie {1,2} (4.3)
The disturbance vector (UspisVing) Ts distributed bivariate normal for i e N
and period t ¢ T, with covariance matrix comprising elements c%u, o4y and
c%v. (This assumption, which violates (3.7), is only used when estimating the
participation equations.) Also, because of the nature of the data, we allow
for measurement error in consumption. Measured consumption, denoted Ent’ is
distributed about actual consumption such that

an(c zn(cnt) UL R U (4.4)

nt} -

where u,; is identically and independently distributed over (n,t) ¢ N x T with

variance az.

The Data

The data on households used in our study come from the Panel Study of
Income Dynamics (PSID). OQut of a total of 6,852 households included in the
survey as of 1983, we selected households composed of couplies who had remained
married throughout the period 1968 to 1981. In addition, we eliminated

households that came from the nonrandom U.S. Census sample, who did not have a
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usable variable for the age of the household head, the sex of the household
head, the age of the wife, the education of the head, and had heads older than
46 years 1n 1968. Taken together, these criteria reduced our sampie to 546
households. We selected two subsamples from this sample. The first was
chosen such that both the head of the household and the wife had worked at
Teast once during the sample period. The number of households for which this
was true was 497. The second subsample was chosen to have heads who had
worked every year of the sample period and wives who had worked at Teast
once. These criteria reduced the number of households to 455. Tables Al and
A2 in the appendix provide some summary statistics about the characteristics.
of the households in the twe subsamples.

Let date t denote the calendar year (t + 1967). For each household

ne {1,...,N}, we have data on

{a) Teisure by the wife ;.. and the husband Ty, for
te {1,...,14)
(b) wage rates of wives wy,, and husbands wp,. who worked for

te {1,...,14}

{c) household food consumption cn¢ for t e (2,3,4,5,7,...,14}

(d) hirths bnt for te {1,...,14}

(e) number of household members f; for t ¢ {1,...,14}

() labor market experience by the wife t,; and the husband ty. .

for t ¢ {1,...,14}

(9) household income I for t ¢ {1,...,14}
{h) house value H., for t ¢ {1,...,14}
(i) rent value and imputed rental value of free housing, R, for t e

{1,:.-,14}
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We also wused observations on stock and bond returns, denoted
wt(r), for r ¢ {1,2} and the aggregate unemployment rate vg. The appendix

describes how all the variables were constructed.
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5. ESTIMATION AND TESTING

Labor Supply and Participation

The first set of results, reported in Table 1, are derived from the labor
supply decisions of each spouse within the househoid. Equations (2.6) and
(2.7), the first order conditions for household leisures and consumption,
together with equation (2.3), which characterizes the wage function, form the
basis for the maximum 1ikelihood estimators used in this phase.

Given the empirical specification for preferences and labor

productivities, the logarithms of (2.7), (2.6) and (2.3) may be expressed as
(p-l)zn(cnt) + (l-u)ponn(11nt) + %0819 = an(ay)
= Qn(nn/p) - ”6n - Uont
(pv—l)an(11nt) - gn(xtwt) + (l—u)pgn(cnt) + x4 By - 821)
s sm(“n) h (1'v)£n(°u) "Wt Vin T Yont t Vint
(op-D)anlTyp,) - an{agwy) + x4 (Bry - By))
< an(npfep) = Upp + Vo ~ Upne * Ve
&n(wint) = &n(wt) + xﬁtBZE Vit Vit ie (1,2} {5.1)

Using the top equation to substitute sn(c,;) out of the second one and re-

arranging implies
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v

Tnt 2 Upnt * (I-vdeugn, /(1-p) - vy,

1 (5.2}

ent 2V

2nt ~ Yont

where

1lnt

]

[L-0, - oog(1-v)/(1-0)1an(1) ) + enfwy) + [14p(1-v)/(1-p) I2n(x,)

+ [Vln - u'

on ¥ an(np) = e(I-v}(ug, - an(n))/(1-0)]

an(e,) + (1-v)o(l-0)"'2n(a)] - x!,(B; = By + (1-v)oByg/(1-p)]

T
i

ont = (mepdan(lp )+ an(widg) + [vp, - vy - an(ap/ey)] - x4, (Byy - Byp)
(5.3)

Now et the participation index dint be 1 the ith member of the nt" household

works in the labor market and 0 otherwise. Then

d. . = {1 I Tt = Ugne + (I-0)eugn /(1-p) - vy
Int 0 if ]int <l * (1-v)pu0nt/(1—p) - Vint
1 if 1! = U - ¥
- int Znt 2nt
Aot = {o 4r 10, < (5.4)

2nt = Yont ~ Vont

For each spouse 1 ¢ (1,2} 1let 944 denote the standard deviation of the
composite disturbance in equation (5.3) and o the covariance between this

disturbance and the idiosyncratic wage shock. Then,
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2 2 - -
Ty = oy * (6ly - 2oyy) + (A0(L-0) o, - 2(1-0)TNog, )

2 2,2 _,

%12 T %2v T %y 2uv
G, = VO + p(1-v)/{(1-p) o - cz
2y uv ~ P Ouv ~ “2v
922 = %uv T Sav (5.5)

Let u;, for 1 ¢ {1,2} denote the (composite) fixed effects in equation (5.3):

Uy = D ult an(ng) = o(1-v) (ug,-an(n )/ (1-0)

- lan(e,) + (1-v)e(1-p) "Lan(s)]

u [Vo, = Up,~ #nln, /o,)] (5.6)

2n 2n

Also, define p, Kt and El as
p = 1'-13v - Ppo(l'“)/(l'ﬂ)
E'n(it) = [1+p(1*v)/(1—p)]1n(Kt)
gl\) = Blv-i-(].—\l)pBlO/(l—p) (5-7)

The log Tikelihood for the nonmarket time of the ith spouse beionging to the

nth household is then
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.
- -1 -1
Lol =0 ((-dypdaneloyslipg) + dyppane(oriling) +
(W) - X By - 1 iopi07)
dinetnel 7172 I (5.8)

{o4y = %24°1
where ¢ and ¢ are respectively the standard normal density and cumulative

distribution functions, and o, the identified parameters, are defined for 1 ¢

{1,2] as

~ ~ Z 2
(p’Blu’821’Kt’wt’olv’02u’clv)

*1

6y = ((1=0,)sB10sBonshy sWy s 0%0s0nnsoo. ) (5.9)

2 P27 2F12°P22: M2 1209222 %2y .
Pefining the vector of (observed) socio-economic characteristics for household

n as

5 14 14

2
Xpp = (Ppgs 521b"st‘5’ sz3b"’t'5, szﬁb"’t's, fnt_szobn’t's’

2 .2
Int* tont)

(5.10)

f t

nt’

the ML estimates reported in Table 1 can be found by summing over n ¢ N and

maximizing with respect to s and the fixed effects {u }

neN*®
This procedure follows the approach Heckman and MaCurdy (1980) took.

V.
in’ in

They considered a model of female workforce participation and labor supply in
which individuals possess perfect foresight and credit markets are complete,
with borrowing and Tending occurring at the constant rate r. Ruling out
intertemporal arbitrage in their economy means the {Xt}§=l sequence must

satisfy
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A = rg e (5.11)

They also assumed that (the logarithm of) individual wages grew with a

quadratic in labor market experience. In our notation, this may be written as
en(w, ) =B (t, ) +B2.(t. )2 e, +v (5.12)
int 21 Yint 2iYint in int "

Notice that the effect on (log) wages of a linear experience term tj,. plus
some fndividual-specific component Gin cannot be distinguished from the
effect of a simple linear trend plus an appropriately redefined fixad
effect. Therefore the behavior impifed by (b.12)} is identical to behavior

implied by

)2 + vV, + Vv,

in int (5.13)

_ 2
ﬂn(w.nt) = “Zt + BZi (t

i int

Comparing equatifons (2.18) with (5.11) and (5.1) with (5.13) shows that
Heckman and MaCurdy's model is an important specialization of our framework,
with

-rt —nzt
(A W) =(e e )

(5.14)

Column (A} of Table 2 presents ML estimates of the wife's coefficients
without any restrictions on the sequence of time effects; column (B) restricts
them according to (5.14) while column (C) imposes restriction (3.8).
Regardless of which specification is adopted, the elasticity of Tlabor supply

is roughly 1.5 when identified in the usual manner by dividing the experience
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squared coefficient in the Jleisure equation by the corresponding term in the
wage equation. (This method assumes marginal productivity at home is a Tower
order polynomial than quadratic.) With one notable exception, household
members of different ages have a negative effect on the wife's labor supply;
most of the coefficients are significant and their magnitudes are similar
across specifications. The exception occurs for specification (B) where the
effect of offspring between 1 and 2 years old is estimated positive and
significant.

The estimates of both sequences of coefficients for the time dummies rise
monctonically over time. MNevertheless, the log linear trend imptied by (B) is
rejected by the 1ikelihood ratio test against either of the two less
restricted models. The criterion value and the parameter estimates obtained
for specifications (A) and (C) are virtually identical; imposing the
constraint (3.8) merely tightens the estimated standard errors on the time
dummy coefficients. Finally we obtain an estimate of 0.4 for kl with a
standard error of 0.1: based on information about female participation and
labor supply, we find evidence that average real wages are countercyclical.
Although this estimate meshes with classical beliefs, it is at odds with the
predictions 1in Section 3 and, as such, might be interpreted as evidence
against the model.

Column (D) of Table 1 presents our estimates of the husband's labor
supply and wage equations. Because the coefficients on household members are
all positive but insignificant, they were restricted to be the same in the
iatter stages of the estimation. Alsg, for this group of males, sample
selection bias induced by excluding nonparticipants does not appear important
(since our estimate of the correlation coefficient Poo is insignificant).
It is therefore less Tikely our test results below {derived from estimates for

the smaller sample of males who participate each period) are seriousiy biased.




32

Household Consumption and Male Leisure

Once males who do not participate in the labor force every period are
excluded from the sample, we can construct estimators from the marginal rate
of substitution function between male leisure time and (food) consumption, as
do MaCurdy (1983) and Altonji (1986). In addition, however, we can test
alternative versions of the complete markets hypothesis by augmenting the
marginal rate of substitution function with conditions for the marginal
utility for food consumption, the husband's marginal utility of leisure and
the husband's wage equation.

These equation systems were estimated using GMM. (See Hansen [1982].)
Denote by w a particular system of equations, @ the identifiabie
parameters in that system, fm(aw,n) a vector of orthogonality conditions for
the nth observation, and Aw a positive definite. matrix conformable to

fm(am,n). Consistent estimates are then obtained by solving for
_minppl N . 1 oN
Yo = a {I§ Znayfu (oM A GG Loayfy (e om)] (5.15)

For our application the smallest asymptotic covariance matrix within this
class of estimators is found by making AuJ the inverse of
ﬁw z E{fw(aw,n)fw(am,n)'}. In this case, the resulting estimator has an
asymptotic covariance matrix of (D&ﬁw“le)"l where Dm = E[afm(am,n)/aaml.
The method of moments approach provides a convenient framework for
conducting specification tests associated with the complete markets
hypothesis. Suppose the null hypothesis 1imposes J exira orthogeonality
conditions in addition to those imposed under the alternative, and fhat there

are K additional parameters to estimate. Then, by a result in Eichenbaum,
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Hansen and Singleton (1986), the test statistic N(Vm—VE) is distributed x2

with (J-K) degrees of freedom (df), where V and V, denote respective the

£
values of the minimized criterion functions defined by (5.15).

Conditioning on tfhe aggregate shocks has ramifications for how to
construct the orthogonality conditions and the optimal weighting matrix. OQur
estimation strateqy does not impose any assumptions on the time serfies
properties of aggregate shocks; itts main drawback stems from estimating time
dummies for each period. (See Mundlak [1978].) More specifically, suppose
theory delivers equations of the form

«t

gant = 9% TngoCnte Znge &)

(5.16)

where e .. is an r x 1 vector with Et(ewnt) = 0. Orthogonality conditions
can be formed for each t ¢ {1,....,T} with a g-dimensional instrument vector
Yot that satisfies the equation E(Bwnt R yntlét) = 0. It 1s unreasonable
to assume aggregate shocks are serially uncorrelated; typically
E(§t5£+1) £ 0. Consequently E[(swnt ) ynt)(emnt R ynt)'lﬁt] depends on
ét, if only because y,; (which includes elements.representing past choices

and outcomes of household n) is affected by previous aggregate shocks at. For

this reason, we define the rqT dimensional vector fw(aw,n) as

Fulogm)’ = ((eyn @ ¥yt eeens (eynr BY)Y) (5.17)
Hence, ﬁm is a square rqT dimensional matrix.

Except where indicated below, the same instruments where used for each
component w {which explains why ¥nt is not subscripted by w). Here the 10 x 1

instrument vector Ynt used was
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) 2 14
nt® (¥ 4 o) s§1 P, t-s® Ut 'in, t-2° stbn,t—s‘

Ve = (t

(5.18)
(I-dypedan(wi, ¢+ o2)s Hops Rpes Inotoo)

where the variables are defined in our description of the data.

Tables 2 and 3 present estimates obtained by combining six different sets
of orthogonality conditions associated with household (food) consumption and
the husband's leisure decisions. To derive the first set, corresponding to
the estimates in Column (A) of Table 2, consider condition (2.20) describing
the marginal rate of substitution between food consumption and husband's
leisure. Using (4.1) and (4.2) to evaluate this expression, take logarithms

and difference to eliminate fixed effects to obtain
aen(a, ) + (o-1)(L-pp) an(c ) + (1-v)og(l-py) “Taan(zy )
+ (1-0) " 0an0up0) - 8X7(B1p-B1)/(1-0p) = (1-0,) ™ (aughauyy)
(5.19)
Now replace the Tlogarithm of true consumption by its measured
counterpart, gn(Ent), muitiply the resulting scalar error term with y.; and

stack (the 9 years of available data) into the 90 x 1 dimensional vector

f3{aq,n) where, with reference to (5.17) and (5.18),
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3np = (1-pg) " Taligng + Bpng + (o-1)bu]
a = ((o-1)/(1-0y)s (1-9)pg/(1-0y) s 1/(1-p,)s (BL,-Bjo)/(1-5,)))  (5.20)

Unfortunately 1ittle can be glieaned from the data at this level of
generality. Although there is 1ittle evidence against the model, since the XZ
critical value (for a .05 level test with 84 df is approximately 110 which
exceeds the minimized criterion function value of 89), none of the
coefficients are sfgnificant.

Our first test of the complete markets hypothesis is derived by adding
the conditions associated with the household's marginal of consumption in
equitibrium to the orthogonality conditions formed from (5.19}. For this
purpose, difference the top equation in (5.1} and substitute Aln(Ent) for

asn{c Then

nt)’

san(E ) - (1-v)og(1-)taan(l ) - ax' B0/ (1-p)
+ (1) taan(ry) = (1-0)"Haug,, + au,) (5.21)

The orthogonaiity conditions fd(a4,n) are obtained by augmenting f3(a3n)
with those from (5.21); it is a 180 x 1 vector. Observe the coefficient on
the wife's leisure Amn(1lnt) is restricted across (5.19) and {5.21). Hence

the 2 x 1 disturbance and the parameter vector o, are defined as

€ant

-1
e' = (eq...(1-p) "(au + au_))
int 3nt Ont nt

a‘a_ = (aés Bio/(l‘p)s Ain(kt)/(l—p)) (5'22)



36

With 166 df and a test statistic of 151 the overidentifying restrictions are
not rejected. (To calculate critical regions, we assumed a x2 random
variable with df exceeding 100 is approximately normal with mean and variance
respectively equal to df and 2 df. Under this approximation, the critical
value for a test of size .05 is +1.645 while the value of the test statistic
is -0.82.) Likewise, the additional orthogonality conditions from (5.21) are
accepted at the .05 Tevel. (The test statistic is the difference between the
criterion functions, 62, whereas the critical value, 102, is found from a x2
table with 80 df.) Nevertheless none of the preference parameters are
significant; nor are the time dummies individually significantly different
from 1.

Another way of conducting this exercise uses the hushand's marginal
utility of Tleisure first order condition instead of the household's first

order condition for consumption. Assuming the third line in (5.1) is met with

equality when i = 2, first differencing yields
aan(l, ) - (1-p2)“1agn(w2nt) - ax! B,/ (1-0,)
- (1-p,) taen(a,) = (1-p,) Lau (5.23)
P2 t P2 2nt .

Now orthogonality conditions consiructed from (5.22) are used to augment

f3(a3,n). Denote the new set fg(ag,n}; it is a 200 x 1 dimensional vector
because (5.23) may be evaluated for t ¢ {4,...,14}. Noting the single
cross-equation restriction on the coefficient of ﬂnn(]znt), the disturbance

€pnt and the parameter vector are respectively ag defined as
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et o = (eq s (1-p,) " tau, )
snt 3nt? P2 2nt
“é = (aés 312/(1‘92)5 Aﬂ,n(kt)/(l—pz)) (5'24)

Here evidence against the existence of complete markets is found. Under the
normal approximation to the x2 distribution, the significance level associated
with the minimized criterion function 1is less than .05. Moreover, the
overidentifying restrictions associated with (5.22) are strongly rejected.
(Our test statistic of 170 is the difference between the minimized criterion
values in columns (A} and (C) of Table 2. With 100 df, it exceeds the
critical value of 124 for a .05 size test.) Comparing across columns,
coefficient estimates for the marginal rate of substitution function all Tlie
within a standard deviatfon of each other, and appear to be more precisely
estimated when this function fis augmented by the. first order condition
associated with the husband's leisure choice. In particular, the coefficient
on wage changes is significant; it implies the elasticity of labor supply is
-19.
If orthogonality conditions for the wage equation are added to
fs(as,n), we can test restrictions on the {xt,wt};zl seqguence. For this

purpose, the wage equation in (5.1) is first differenced. Setting i = 2,
amn(wznt) - AxﬁtBZZ - amn(wt) = 8V, (5.25)

Now the number of orthogonality conditions increases by 110 and fs(aﬁ,n) is

constructed from

6nt (Eént’ AV2nt)
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ag = (at.Bby) (5.26)

Column (A) of Table 3 reports the unrestricted estimates. The marginal
significance level is 0.756 so this specification cannot be rejected. Because
most of the time dummies have insignificant coefficient estimates, we imposed
the constraints (5.24) below to assess the importance of aggregate shocks and

Tife cycle effects

(o) = (1,1) (5.27)

Column (C) presents our findings. The minimized criterion value rose to 337;
given 304 df, the normal approximation to the xz the test statistic is 1.346
so the specialization cannot be rejected. However, when compared with the
value obtained for the unrestricted version, the vrestrictions {implied by
(5.27) are rejected. (Compare the value of the test statistic 48 with the
critical number of 34 for a .05 size test.) This second finding, which bears
directly upon the applicability of (5.27), confirms previous studies on males
which show these effects are significant.

The restrictions described by (3.8) were also examined, from two
angles. First, comparing Columns (A) and (B), the difference between the
minimized criterion function values fis 38, which exceeds 18 the critical
number for .05 size test with 10 df. This result suggests that using the
unemployment rate to measure aggregate shocks in a wage regression is too
restrictive. Second, the null hypothesis of no aggregate effects (5.27) fis
not rejected against the alternative hypothesis of (3.8). (The difference

between the minimized criterion functions in columns (B) and (C) of Table 3 is
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10 while the critical number for a .05 size test with 12 df is 21). By
starting out with this specification, one might conclude aggregate shocks
enter insignificantly in household choices.

When (3.8) is imposed, the resulting estimate of ki, 0.4, fs strikingly
close to that obtained for females, but the standard error is much larger.
Here, neither the predictions of the classicists nor those of our framework
are refuted. Using the procedure outlined in Section 3, our estimates of k1
can be compared with those obtained by Keane, Moffitt and Runkle (1987).
Their results imply k; is negative varying in magnitude between -97 and -12,
depending on how heterogeneity amongst individuals gets treated. These values
tend to support our predictions more than our own estimates do (perhaps
because their study measures changes in the unemployment rate directly rather
than inferring it from estimated prices).

Regardless of the specification used, however, the preference parameters
were not affected much, In particular, the coefficient on the wife's leisure
time, (l-v)pO/(l—pz) is never significantly different from zero for any set
of estimates reported in Tables 2 and 3. According to our specification,
whether utility is separable in consumption and the wife's leisure time cannot
be identified from her labor supply and wage equations alone, as an inspection
of (5.3) shows. And, while a test of separability can be based on the
marginal utility of consumption condition (or, equivalently on the marginal
rate of substitution condition for male Teisure and consumption), our results

indicate that the null hypothesis of separability cannot be rejected.

Financial Assets

Qur interest in separability is partly motivated by its implications for

estimating intertemporal asset pricing models. In our framework, an asset
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pricing equation can be derived from equation (2.11) and the restrictions in

(2.18). That is

Et[B(lt+1/At) nt(r)] =1 (5.28)

By estimating (5.28) 1in conjunction with other equations in the model (in
order to identify lt+1/xt)’ we can test the over-identifying restrictions
associated with this equation. Notice that if ao(znt) is time-invariant, v
= 1 and markets are complete, estimates of B8 and p can be obtained from
aggregate time series data on consumption and asset returns. To see this,
make Cp¢ the subject of (2.7), evaluate u3(1nt’cnt’znt) using (4.1) and take
expectations over the population; then take logarithms and first difference to

cbtain

(o-Lsen(Ele 1) = azn(a,) + (9_1)Agns[ni/(ﬂ“l)so(znt)lf(l‘p)1{i;v)po/(1‘°)1
(5.29)

Given the conditions above, the sscond term on the right hand side of (5.29)
-1 .
is zero, so {E(Cnt)/E(Cn,t-l)] may be substituted for Ag/ap_; in
(5.28). Therefore, following Hansen and Singleton (1982), the parameters 8
and p may be estimated using instrumental variables techniques. In our
framework, the method outlined above yields biased results if v = 1 and/or
ac(znt) is not constant over time.

OQur estimation procedure adapts, to a GMM setting, the analyses of Chettly
{1968) and Zellner (1971) for Tinear models which pool time series data with
cross sectional data. Here we must assume that aggregate shocks are

stationary and ergodic. Two returns series were used, the annual real return
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for the value-weighted index of stocks on the NYSE, denoted Tt and the
annual return from holding 3-month Treasury bills, denoted Top A4dx1
vector of orthogonality conditions was then constructed, with the Tagged

returns as instruments, taking the form

Flogat)' = [Bmy Oy /re) = 1o B Qg /2g) - 118 (g 4 157p ¢ 1) (5.30)

where a} = (aé,s). The orthogonality conditions fﬁ(as,n) and F(a7,t)

were then combined by defining f7(a7,j) for j ¢ {1,..., N+T} as
(Felog,d) ,0)  iF 1< 3 <N

Folapnd)' = { &8 (5.31)
(0,f(a7,j-N)') if N << MT

Because ¢g,;+ 1s orthogonal to the forcaste error in the asset pricing

equation, it follows that E[f,(a;.3) 8 f,(a;,k)'] = O whenever J # k. Hence

the optimal weighting matrix is 37, defined following (5.15) by setting w =

7. Upon substituting the sample moment for E[f7(a7,j) ?] f7(a7,k)'] into the

criterion function, some matrix algebra shows V; defined in (5.14) simplifies

to
wTv, - mingst e f ¢ gl .
(N+T) 7 = oy {{Zn=1 s(assn) ][2n=1 5(“5-n) G(Gﬁ’n) ] [2n=1 5(“&:")]
I Flogt) ][ZT o t)arnt) [7HI F(arat)]] (5.32)
+ Get)! Cr s oy, t)! Gy s .
2t=1 (27 t=1 7t zt=1 (o7

Table 4 reports our findings. They support those of Hansen and Singleton
(1982), Mankiw, Rotemberg and Summers (1985), Dunn and Singleton (1986}, and
Eichenbaum, Hansen aad Singleton (1987) who analysed fime series data on

aggregate consumption and returns by exploiting the first order condifions
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from a representative consumer model. Under the null hypothesis the normal
approximation to the X2 test statistic for the overidentifying restrictions
of the unrestricted model is 2.35 which exceeds the .05 critical value (of
1.96) but not the .01 number (of 2.58). Comparing column (A) in Tables 3 and
4, we see the four orthogonality conditions associated with the asset pricing
equation are strongly rejected. (Adding these conditions entails estimating
an additional parameter. Consequently, the test statistic, 52, is distributed
X2 with 3 df, which exceeds 11.3, the critical value for a .0l level test.)
Imposing the restrictions (3.8) yields similar resulis; the test statistics
for the constrained model are respectively 2.43 and 27. Finally, our estimate
of the (annual) subjective discount factor g, .83, is not affected by whether

the restrictions (3.8) are imposed or not.

Household Consumption and Labor Supply

Viewed collectively, Tables 1 through 4 show most of the evidence against
the assumption of complete markets comes from data on asset prices. We now
subject our model to one final test which utilizes only panel data. If
markets are complete, both spouses have access to them; therefore estimates of
the {wt’lt}€=l sequence should not significantly differ by sex. Accordingly
we augmented fG(aﬁ,n), the orthogonality conditions used to estimate the
marginal rate of substitution function, the first order condition
characterizing the husband's leisure and his wage equation, with orthogonality
conditions derived from the wife's marginal utility of leisure and wage
equations. Based on the evidence contained in Tables 2 through 4, we
restricted preferences to be additively separable with respect to consumption
and wife's leisure time. Following Hotz and Milter (1987), the orthogonality

conditions associated with the wife's equations were formed from the scores to
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the Tog 1ikelihood, which have an unconditional expectation of zero. That is,
since E{azn[Ll(al,n)/aal]} = 0, we may construct orthogonality conditions

fs(as,n) of the form
F8(u8,n)' = (fs(as,n)', ann[Ll(al,n)/aall‘) (5.32)

where ag 1s the union of elements comprising «; and og.

To &erive the estimates in Table 5 the cross equation restrictions
between the time dummies which appear in the husband's marginal utility of
leisure and wage equations and the scores from the log likelihood for the
wife's Teisure and wages were imposed. We also allowed for a Tinear time
trend in the wife's marginal utility of leisure and her wage equation to
capture aging differences between the sexes, Nevertheless the specification
strongly rejected the constraints implied by the hypothesis that males and
females face the same set of aggregate prices {xt, Wt};=l and have access to
the same set of markets. Taken at face value, this rejection is evidence for
sexual discrimination, but there are alternative explanations. For example,
this framework neglects human capital considerations which may affect males
and females differently. Private information is not accounted for either, and
with it the possibility that wages might reflect insurance by employers of
their workers. (Both these factors may also explain why the orthogonality

conditions in the asset pricing equation are rejected.)
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6. CONCLUSION

Motivated by previous work that has found evidence for aggregate shocks
in panel data which describe household decision making, this paper provides a
simple equilibrium representation of them within economies where a compiete
set of markets exist. The framework developed here nests numerous earlier
models on asset pricing, lifecycle labor supply, and wage cyclicality. It
provides the means for reexamining these issues within a structural model of
competitive equilibrium where the solution to a typical agent's optimization
problem is not necessarily an interior point but may lie on the boundary of
the choice set. A detailed presentation of our empirical results appears in
the previous section, but we should 1ike to conclude with three general
remarks about them.

The evidence accumulated against the intertemporal capital asset pricing
model based on time series data has led some to suggest that this is because
the aggregation conditions necessary for Justifying the representative
individual paradigm are violated. However our results show this diagnosis is
premature. Although the model presented here accommodates partially observed
endogenous and exogenous factors which upset aggregation, the observed
components are found insignificant at ccnventional levels, and more to the
point, the orthogonality conditions associated with the asset pricing equation
are rejected.

Although many analyses of panel data include time dummies fo capture
intertemporal aggregative effects, much less concern is paid to equilibrium
issues than population heterogeneity. Our results indicate that with regards
individual Tlabor supply and wage equations, the parameter estimates are

moderately insensitive to alternative assumptions about how the production
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technology and the distribution of heterogeneity across the population are
transmitted through equilibrium prices to consumers. Also the model does not
reject equiTibrium restrictions which are simultaneously imposed across the
equations characterizing household consumption, male labor supply and his
wages. However, when this system is augmented with the female labor supply
and wage eguations, not only is the specification Jjointly rejected, but the
estimates and especially their precision is greatly affected.

Recent 1investigations of panel data which treat unemployment as a
regressor in male participation and wage equations have found real wages are
procyciical. Our results suggest wages are countercyt1ica1 or acyclical. In
addition, we find evidence against an assumption which is used to derive the
wage-employment regressions as a specialization of our framework. More
specifically, this assumption, which deterministically Tinks the marginal rate
of substitution between consumption in successive periods to changes in the
marginal product of 1labor, is rejected for males, and when imposed as a
maintained hypothesis, Teads us to accept the null that aggregate shocks are

insignificant.
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TABLE 1
Variable Coefficient Estimate Estimate Estimate Coefficient Estimate
(A) (B) (<) [(2})
First Order Condition for l;,, and Wage Equation (w,.)
b+ é}“/ﬁ -0.033 -0,028 0,032 Bip/ (Py=1) 0.005
(.023) (0.0004) (0.023) (0,441)
Z‘s?zlb n,t-s éfu/;s -0.119 0.016 -0.118 szf(pz-n 0.027
(0,0005) (0.,0144) (0.001) (0.989)
EZ_b n,t-s 8> /5 -0.128 -0.131 -0.129 B> /(p.-1} 0,011
=3 v 127 (P2
(0.0003) (0.,009) (0.006) (0.264)
2'? b a,t-s 8% /5 0,024 ~0.,02¢ -0.025 8],/ (p,=1) 0,006
(0.,011) (0.007) 0.011) (0.040)
oo
Fot™ 2 b, t-s 8% /& -0,0009 -0.001 0,001 B2, /(p,-1) 0.0003
s=g° > 1v/P 127102
(0.0002) (0.0006) {0.003) (0.001)
(t),4)° 1n By, /8 -0.027 0,026 0,028 Byy/(py-1) -0.008
leisure equation (0,002) (0.013) (0.115) (0.438)
¢+, )2 in B,, 0.019 0,021 0.019 8,, -0.,006
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. 2 ,~2 2
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in teisure equation (0.,0002) (0.0144) (0.006) (0,229)
Variance of disturbance o3, 0.209 0.199 0.208 a3, 0.019
in wage equation (0,023} {0,022) (0.024) (0,010)
Covariance of disfurbance GZv/E 0.018 0.014 0.017 Op/Py=1) 0.018
in leisure and wage (0.002) {0.,002) (0.002) (0.010)
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K . — 0.212 -
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t In leisure 111/5 - 0.004 - -
equation (1.476)
t in wage Ny - 0.011 -— -
equation (20,964}
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TABLE 2

Variable Coefficient Estimate
(A) (B) (C)
Marginal Rate of Substitution between ¢, and Ly,
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TABLE 3

Varlabie Coefficient Estimate
(A ) (CH

Marginal Rate of Substitution between Cp andl ont
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TABLE 4

Variable Coafficient Estimate
{A} (B
Marginal Rate of Substitution between c,, and o,
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1.009(0.013)

0,989(0,081)

1.033(0,068)

0.993(0.046)

0,985(0.024)

353

295




Table 5

Variable

Coefficient Estimates

First Order Condition for [ 1nt and Wage Equation (w 1nt!

bnf

It b an,t-s

=1

wmown R

L b n,i-3

5=3

14

Z 8=8

b n,t-s

14

far™ L =0 bn,f~s

2,
(Fype) in

leisure equation
: 2.
(f¥nf) tn
wage equation

t in leisure
eguation

 in wage
equation

Variance of
disturbance in
leisure equation

Variance of
disturbance In

wage equation

Covariance of

disturbance in leisure

and wage eguation

Bj /(1= ) ~0.021( 1.558)
B, /(1-p,) 0.125( 1.784)
8,/(1-p)) 0.148¢ 3.603)
B7,/(1-0,) 0.016( 1.131)
B)(/(1=p, ) ~0.031( 0.658)
B,/ (1-p,) -0.021( 1,558)
B, 0,099¢ 0.679)
N/ 0-p ) 0.247¢ 0.530)
Ny 0.006( D.154)
o? 1/ (1-p )2 0.492¢ 0,274)
2
o2, 0.354(20.153)
1
Oy e/ (1-07) 0.321 (11.274)




Marginal Rate of Substitution Between Cpy @d lopy

Aln(cnf) (p-1)/€1—pz) 0.020¢ 0,152

ﬂ*nT

(Blo—Btz)/(]—pz) 0.072¢ 0.164)

First Order Condition for L, and Wage Equation (Wons)

af . By,/(1-p,) -0.082( 0.146)
Bliy, ) B, 0.019( 0.028)
-0, 2,557 (50.154)
-0, 1.984( 0.666)

Time Effects

kzj'k 1 0,513¢
" xl3/A 1 0,900¢
A4/l 1 0.898¢(
15/1 1 0,898
16/). 1 0.8701
1711 1 0.882¢(
AB/A 1 0.874¢
Aglk 1 0,.870¢
)\10/1 1 0.871¢(
;\11/1 1 0,876¢(
,\12/;\ 1 0,861¢
11311 1 0.846¢
114/;\ 1 0.871¢
J 2194

N

Degrees of Freedom 302

§.670)

4,630)°

3.,500)

3.531)

3.737)

3,703)

1,170}

3,850}

4,070}

3.501)

3.325)

4,070}

3,561}
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APPENDIX

Tabies A.1 and A.2 provide some summary statistics about the
characteristics of the households in the two subsamples, described in the
text. Of the variables listed in these tables, average hourly earnings for
both husbands and wives were defined from the ratio of total labor income to
total annual hours. Two steps were followed to obtain the empirical measure
for food consumption expenditures. First, a variable corresponding to food
expenditures for a given year was obtained by summing the values of annual
food expenditures for meals at home, annual food expenditures for eating out,
and the value of food stamps received for that year. The empirical measure of
consumption expenditures for year t was then obtained by taking 0.25 of the
value of this varfable for year t -1 and 0.75 of its value for year t. The
second step was taken to account for the fact that theisurvey question used to
elicit information about household food consumption is asked sometime in the
first half of the year, while the response is dated in the previous year. We
aiso constructed experience variables for both the head and wife of the
household. For the household head, this variable was constructed as age minus
education minus six. The education variable was in turn constructed from a

polytomous variable defined to equal:

1 if number of grades attended was between 0 and 5.
if number of grades attended was between 6 and 8.

if number of grades attended was between 9 and 11l.

PR S )

if the husband had attended 12 grades.

5 if the husband had a high school degree plus nonacademic

training.
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6 if the husband had attended college but had not earned a
degree.

7 if the husband had earned a B.A. but no advanced degree.

8 if the husband had earned both a B.A. and advanced or
professional degrees.

0 if the husband cannot read or write or has itrouble reading

or writing.

The education variabie was obtained as three times the value of this variable
whenever its value was Tess than or equal to four. Otherwise, the education
variable was defined to equal eight plus the value of the polytomous
variable. We constructed the education variable 1in this way because the
variable corresponding to the number of years of schooling is not consistently
measurad across the different years of the PSID. The axperience variable for
the wife was constructed as the age of the wife minus eighteen, precisely
because a consistent measure of education for the wife was available only for
the survey years 1969, 1970, and 1971. The variable Hnt was constructed by
muiltipiying the value of a household's home by an indicator variable
determining homeownership. A similar procedure was followed to generate the
variable R,, showing the value of rent.paid and rental value of free housing
for a household. Finally, household income [, was measured from the PSID
variable total family money income.

In addition to the individual data recorded in the PSID, we used measures
on the civilian unemployment rate, and two types of financial returns. The
first variable is comprised of annual observations on monthly, seasonally

adjusted data and is obtained from Table B-35 of the 1986 Economic Report of

the President We used the impiicit price deflator for pe-sonal consumption
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expenditures, including expenditures for durable and nondurable goods and
services, from the National Income and Product Accounts to convert all nominal
guantities to real. The base year of 1972. Of the two types of financiail
returns, one s an (annual) stock return. This was measured in two different
ways. The First measure was calculated from the monthly returns 0; the value-
weighted stock index for stocks on the New York Stock Exchange. The other
measure was calculated for the equally-weighted stock index. The monthly rate

of return series were taken from the CRISP tapes. Annual gross asset returns

were calculated according to the geometric average

12/i + .o

12 t]

r ] (A.1)

= I -_—_
t -
j=1 1+ Htj
where Tty is the yearly nominal rate of return for year t, month j and Htj
is the monthly inflation rate for month j of year t. 1+ Htj was in turn
calculated as th ratios of the monthly implicit consumption deflators. The

second type of return is the annual return on 3-month Treasury bilis. Formula

(A.1) was again used to derive the appropriate measure.




TABLE A.1
H
Susmmary Statisfles for Sample of 497 Households

1888 1962 1970 1971 1972 1973 1974 1875 1978 1977 1978 1979 1920 1881
Avarage Age
of Busband 3.8
Average Age
of U;gn .2

Annusal
‘E‘l:r:;:‘:f Hu::and 2387.42 2372.81 2371.38 2337.90 2387.%5 2384.585 2244.03 2322 .27 2350.91 2321.560 2352.81 2¥42.98 2995.18 2283.87

Avorage Annual ' .
Hours of Wives
Who Worked 1276.13 1111.83 1117.88 1180, 45 1171.7%3 1232. 14 124704 1244.88 1234 .49 1286.25 1287.02 1307.07 12358.83 1441 0%

Aver Hourl
Ha‘e:‘:f Husbfmd 4.25 4.418 4.84 5.03 5.05 &.11 5.3 5,22 5.40 5.48 5.88 5.81 5.82 5.88

Average Hourly
Wages of Wives

¥ho Worked 2.82 2.5 2.89 2.73 2.88 2.98 3.00 3.00 3.08 3.25 3.3 2.92 2.M 3.0

Avaorage Hourns ~
;:i::u::ts 22042. 22280.4 23402.7  2333.2  24459.7 25B91.4 275325  28815.5 28l64.0 30585.4  33147.0 35317.2 3az217.1 3g183.0

mi'ﬁ? a::::lm 1158.4 1123.6 1109.2 1282.3 1224.8 1288.5 1201.8 1290.0 1382.5 1387.2 1407.2 1482.2 1587.5 1707.8

Aveorage Annual
Ront Vaiue of

and Non-Renters 887.23 8es. 7 847.0 1277.2 1083 .4 1184.7 748.0 1158.2 1071.4 1409.1 737.7 13i8.8 1004.% 9.7

Average Annuzl
Valus of Food
Consumption

at Homs 2398.2 1919.7 2003.7 1965.2 1999.0 - 2271.2 2171.5 2188.8 21389 2184.8 2227.0 2130.2 2034 4
Average Annual

Value of Amount

Bating Out -- 3610 355.2 352.4 Iz, 2 -- 450.0 383.1 +00.3 425.2 488. 8 478.2 457.5 441.0
Average Annual

Yalus of Food

Stamps Received 190.2 193¢ #54.2 842.0 8410 —-- 847.5 355.8 257.% 498 0 514.1 268 .4

315.0 2T0.%
Average Amnual
Incoms 12141.0  13018.4 13780.7  14121.3  14726.4  15230.0 18143.1 15948.4 16499.0  172856.56 178057  18387.3 18508.4  19480.4
Humber of
Homecwmers 48 3483 387 age 418 4% 432 438 442 447 457 455 180 481
Mumsber of
Reotara 135 117 9 .1} 87 58 54 b1 44 43 37 38 36 32
Musbar . '
Roeceliving Food
Stomps 4“4 ] 3 13 13 - 8 i1 1z ] ] T [] ]
Fumbar
Racelving
Dividaends 1%y 204 191 200 224 104 204 208 224 218 249 279 270 273




TABLE A.2

Summary Statistica for Sampla of 455 Houssholds
i

kS

[

1968 1988 1870 1971 1972 1873 1974 191‘5 1978 1977 1978 1879 1980 1981
Average Age
of Husband .83
Averags Age
of Wita az.09

Average Anoual
Bours of Buaband 2381 .64 2385 .80 2391.37 2368 64 2388 .7 2363.88 2388 2¢ 2322 .48 2353.78% 2313.68 2348 54 2331.12 2287 . 24 2271.23%6

Averago Anpunl
Hours of Wivens
wWno Waorked 1285. T4 1103.08 1088, 95 1181.85 1176.78 1208.36  1241.85 1235.18  1221.91 1253 .61 1263.42 1289 .47 132810  1427.8a

Average Hourly
Wagess of Husband 4,31 4.53 4,64 5.0 5.05 5.18 520 5,27 5.45 5.53 5.69 5.8% 5. 62 5.85

Avearage Bourly
Wages of Wives
Who Worked 2.82 2.5 2.72 2.72 2.38 2.9 z.9% 3.04 3.08 3.27 3.33 2.97 z2.87 .08

Aﬂ;rqe HBowse
Value of
Boseowners 22226. 80 226848.57 23898.8b Z1I584.18 24TR) .45 25886.132 287E7. 98 2T282.34 28572.30 307S892.80 33241.00 35783 57 JEVBO T4 3L3Z.TA

Average Anpual
Reul of BRepters 1187.38 1127Y.16 1120.26 1243.39 1218.88  1232.43 1164.45 1314.94 1414.00 1335.%4 1432, 84 1543 .96 1840.95 17156.40

Avurage Annual

Rent Value of -

Free Houslpg for

Ron -Homeowpors .

and Hon-Restera 1020.19 #13.82 1007.48 1038.5H 930 .00 1464.84 T15.82 Jy99.38 1102.77 1668, 82 1] 1288. 45 689.64 1028.45

Avarage Annual

¥aluo of Food

Consumpt lon

at Howe 2411.41 1926.33 2017.489 1871.00 2013.71 1] 2188 43 2189.28 2168.04 2137. 34 2173.98 2243.04 2132.18 2055.1%

Average Annual
¥alue of Amscunt
Eating Out 0 a59. 38 383 07 45448 3n0.74 1] 425,84 e4.95 407.93 436.01 482, 4) 491 .05 485,12 455. 64

Averags Annual
Valus of Food

Stanps Recaived 189.53 338.37 0 6156.38 852, 40 o 612,04 39010 278. 80 571.33 4531 b6 191 .47 297.b4 289.92
Average Annual '

Incomae 12296.35 13206.24 13847 .52 1431581 1482024 1535719 15894.80 16150.70 18628.94 178495.20 18110,08 18656 10 18884.50 19208.3)
Nusber of

Homaowears 320 3z 354 )] 344 ass iae 405 408 413 422 420 476 428
MNusbaer of

Raaters a2 108 2 1o 3] b1 a8 45 39 hi i 3 30 29 24
Nushar

Receiving Food

Btamps 4] 2 0 1 10 0 b 10 L] 3 4 1 5 7
Hueaber

Roocelving

O v Ldands 1é2 150 178 %8 20h 182 190 183 209 204 233 28h 253 2b3




