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A Time Series Analysis of
Real Wages, Consumption, and Asset Returns under
Optimal Labor Contracting: A Cointegration-Euler Equation Approach

Abstract

This paper reexamines whether or not the time series properties of
aggregate consumption, real wages, and asset returns can be explained by a
neoclassical model. Previous empirical rejections of the model have
suggested that the optimal labor contract model might be appropriate for
understanding the time series properties of the real wage rate and
consumption. We show that an optimal contract model restricts the long-run
relation of the real wage rate and consumption. We exploit this long-run
restriction for estimating and testing the model, using Ogaki and Park's
(1990) cointegration approach. This long-run restriction involves a
parameter that we call the long-run intertemporal elasticity of substitution
(IES) for nondurable consumption but does not involve the IES for leisure.
This allows us to estimate the long-run IES for nondurable consumption from
a cointegrating regression. In the second step of our analysis, our
estimates of the long-run IES for nondurable consumption are wused to
estimate the discount factor and a coefficient of time-nonseparability using
Hansen's (1982) Generalized Method of Moments. We allow for
time-nonseparability, so that the model could explain both stock and nominal
risk fee returns. We form a specification test for our model a la Hausman
(1978) from these two steps. We do mnot reject the model and obtain

reasonable estimates of preference parameters.

Thomas F. Cooley and Masao Ogaki
Department of Economics
University of Rochester

Rochester, New York 14618-0156






I. Introduction

This paper reexamines whether the time series properties of aggregate
consumption, real wages, and asset returns are consistent with a simple
neoclassical representative agent economy. Previous empirical explorations
of this issue have rejected the neoclassical model in large part because the
marginal rate of substitution between consumption and leisure does not equal
the real wage as is implied by the the first order conditions of the model.
In this paper we argue that an optimal labor contracting model is more
appropriate for understanding the time series behavior of real wages and
consumption. We show that an optimal contract model restricts the long-run
relation between real wages and consumption. We exploit this long-run
restriction to estimate preference parameters and test the model using a two
step procedure. In the first step we employ the cointegration approach
suggested by Ogaki and Park (1990) to estimate the long-run intertemporal
elasticity of substitution for nondurable consumption from a cointegrating
regression. We use this estimated preference parameter in the asset pricing
equation implied by this economy and then estimate the discount factor and a
coefficient of time-nonseparability using Hansen’'s (1982) Generalized Method
of Moments (GMM). From this we are able to construct a specification test
of the model. The results of this procedure are extremely encouraging. We
obtain reasonable estimates of the preference parameters and we do not
reject the model.1

Mankiw, Rotemberg, and Summers (1986, hereafter Mankiw et al.)

subjected the Euler equations of a version of an intertemporal labor supply

1Abowd and Card (1987) used micro data to compare a contracting model
and a neoclassical labor supply model. Their focus was on earning changes
and hours changes and very different form ours.



model to a battery of tests and found no evidence to support it. Not only
did their formal tests reject the model, but their point estimates of
preference parameters implied a convex utility function. They concluded
that the observed "economic fluctuations do mnot easily admit of a
neoclassical interpretation.”

Eichenbaum, Hansen, and Singleton (1988, hereafter Eichenbaum et al.)
also used the Euler equation approach, but their point estimates of
preference parameters were more reasonable. They attributed their different
finding to two factors. First, they removed trends by taking growth rates
of variables and taking ratios of variables while Mankiw et al. did not.2
Second, Eichenbaum et al. allowed time-nonseparability of preferences.
Though their point estimates were reasonable, the formal test statistics
typically rejected the model at the one percent level when they tested both
asset pricing equations and the first order condition that equates the real
wage with the marginal rate of substitution between leisure and consumptiom.
When they removed the first order condition and tested the asset pricing
equations, their tests did not reject the model. However, the loss of
precision of their estimates was substantial when the first order condition
was removed. Eichenbaum et al. interpreted their results as suggesting that
the optimal labor contract model might be appropriate for understanding real
wages.

A given Pareto optimal allocation can be consistent with a wide variety

2The asymptotic theory for the GMM requires the variables used to be
stationary.

3Osano and Inoue (1988) use an approach similar to Eichenbaum et al. to
test the overidentifying restrictions of Euler equations, using aggregate
Japanese data. They also noted that there was much less evidence against
the model when they removed the Euler equation associated with the equation
of real wages and the marginal rate of substitution.



of institutional arrangements. In optimal labor contract models (see, e.g,
Azariades (1978), Rosen (1985), and Wright (1988)), labor income contains a
component that provides workers with some degree of protection against
business cycle fluctuations. This insurance component of labor income
inserts a wedge between the marginal rate of substitution between leisure
and consumption and wages. In their empirical work, Gomme and Greenwood
(1990) showed that accounting for this component could help explain the
observed pattern of fluctuations in income. These arguments combined with
the findings of Eichenbaum et al. suggest that the imposition of the
requirement that wages equal the marginal rate of substitution between
consumption and leisure is too confining.

In the present paper, we use a restriction on the time - series
properties of real wages and consumption that is implied by optimal labor
contracting to estimate preference parameters and test the model. 1In the

optimal contract model, the first order condition for real wages and

consumption does not hold on a period-by-period basis. We will show,
however, that the optimal contract model does restrict the long-run
relation of the real wage rate and consumption. We exploit this long-run

restriction for estimating and testing the model.

In contrast to the research cited above, the cointegration approach
yields results that are supportive of the representative agent model. 1In
the first step of our econometric procedure, we test the null hypothesis of

cointegration and estimate the long-run IES for three measures of nondurable

consumption. We do not reject the null cf cointegration and obtain
reasonable estimates. The long-run IES appears in the asset pricing
equation derived from the representative consumer model. We use our

estimated IES parameter in the asset pricing equation and apply the GMM to



estimate the discount parameter and a coefficient of time-nonseparability.
We use both stock and nominal risk free returns. We form a specification
test a la Hausman (1978) through these steps. This specification test does
not reject the model and we obtain reasonable estimates of the discount
factor and a coefficient of time-nonseparability.

The rest of the present paper is organized as follows. In Section II,
we present our model and derive the cointegration restriction. We describe
our econometric procedures in Section III. 1In Section IV, we explain the
data. Section V contains our empirical results. Our concluding remarks are

in Section VI.

IT. The Economy
The Cointegration Restriction

We consider an economy populated by N households who have preferences
defined over consumption and the flow of services from their leisure time.
Household i maximizes

U~ E (Y Bu ()] (L)

i
t=0

where Et denotes the expectation conditioned on the information available
at t. In order to develop intuition, let us first consider a simple
intraperiod utility function that is assumed to be time- and state-separable

and separable in nondurable consumption, durable consumption, and leisure

1-a
¢, (t) -1 1 a,.d
u (t) = + Vi(ei(t)) + v (C () (2)
l-a

1 N . . . . .
where v (-) 1is a continuously differentiable concave function, C?(t) is
1 i

. d . . . .
nondurable consumption, C (t) is durable consumption, and L (t) is leisure
1 1



of consumer i.
For now, assume that real wages do mot contain any insurance component.
Then the usual first order condition for a household that equates real wage

rate with the marginal rate of substitution between leisure and consumption

is:
v (L (£)
W (t) - — (3)
¢ (t)
1
where W (t) is the real wage rate for worker 1. We assume that the
i

stochastic process of leisure is (strictly) stationary in the equilibrium as
in Eichenbaum, Hansen, and Singleton and that the random variables used to
form the conditional expectations for stationary variables are stationary.
Then an implication of the first order condition is that
ln(Wi(t))-aln(Ci(t)) = 1n(v;(gﬁt)) is stationary. When we assume that the
log of consumption is difference stationary, this implies that the log of
the real wage rate and the log of consumption are cointegrated with a
cointegrating vector (1, -a)’. We exploit this cointegration restriction to
identify the curvature parameter o from cointegrating regressions.

Given that the saving rate is stable in the long-run in the U.S. as
Kuznets (1946) found, it is natural to impose a restriction that the ratio
of total consumption expenditure and labor income is stable when a consumer
is rich enough. In order to see the relation between this restriction and

the curvature parameter a, let us assume that

i-n
ey -1
vici(t)) = 6,— ).
1 1 1_-77

Then the utility function over two consumption goods is Houthakker’s (1960)



addilog wutility function. Let us take the nondurable consumption as a
numeraire and let Ei(t)=Cz(t).,+ P(t)C?(t) be the total consumption
expenditure and P(t) be the relative price.

Atkeson and Ogaki (1991) showed that the intertemporal elasticity of

substitution (IES) for the total consumption expenditure is
o () = PO + (16" (0) — (5)
i i x i n

where w? = C:/Ei is the budget share for the nondurable consumption. Thus
the IES for total consumption expenditure is weighted average of the IES for
nondurable consumption, 1/a, and the IES for durable consumption, 1/n with
the weights being equal to the budget share of each good. For the following
discussion, we assume that that o2n, then the expenditure elasticity of
demand for nondurable consumption is less than or equal to that for
durables. This assumption seems reasonable. If a=n, then preferences are
homothetic and the IES is 1/a. Suppose that a>n. Then when a consumer is
poor, w? is one and the IES is l/a.4 When a consumer becomes rich enough,
the IES is approximately constant at 1/7¢.

Since we assume that leisure is stationary and is additively separable
from consumption, the restriction that the ratio of labor income and total
consumption expenditure is stationary when a consumer is rich enough
implies ai(t) is close to one for rich consumers. In order to see this,

assume that the relative price P is constant, then

4When a consumer is poor, fixed subsistence levels could be important
for the IES as Blundell, Browning, and Meghir (1991), Rebelo (1991, also see
Ogaki (1991)), Atkeson and Ogaki (1991), and Ogaki and Atkeson (1991b)
discussed. Fixed subsistence levels are not likely to matter for the post
war U.S. aggregate data. Our empirical results turn out to be robust with
respect to subsistence levels as we report below.
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1

is satisfied for A that is approximately constant for a rich consumer, and
thus 1n(W)-(1/0)1In(E) is stationary. 1In order for W/E to be stationary for
a rich consumer so that the ratio of labor income and total consumption
expenditure is stationary, we require that o is one (see also King, Plosser,
and Rebelo (1988)). If preferences are homothetic, then a=7 and o=c. Thus
this restriction implies ao=1. However, if preferences over two consumption
goods are not homothetic, a can be different from one. Nonhomotheticity
implied by a»n also has important implications for optimal monetary policies
(see Braun (1991)).

In our empirical work, we use three alternative measures of nondurable
consumption; nondurables plus services (NDS), nondurables (ND), and food.
Then durable consumption Cj in our model should be interpreted as total
consumption expenditure minus each measure of nondurable consumption:
durables for NDS, durables plus services for ND, and nonfood consumption for
food. Atkeson and Ogaki (1991) argued that it is more difficult to
substitute necessities intertemporally than luxuries, so 1/a should be
smaller for necessities such as food. Since durables and services are
likely to contain more luxuries than ND, we expect l/a to be the smallest
for food, and the largest for NDS.

We now introduce time-nonseparability of preferences. The intraperiod

utility function is assumed to be

1-a

S:(t) -1 1.1 d,.4d d
u (t) = + v (S (t)) + v (C(t),..., C(t-k)) (7)
1 ]_-a 1 1 1 1 1

1 . . : .
where v (-) and V?(') are continuously differentiable concave functions and
1 1



S?(t), S%(t), and are the service flows from nondurable consumption and
1 1

leisure, respectively:

Si(t) = ¢ (t) + A"C (¢-1) (8),
and
st(e) = £(£) + N (D) 4L AL (t-K) (9).

This service flow specification of leisure has been used by many authors5
and is useful because it can capture the fact that households may use
leisure time in a household production technology to augment a stock of
household capital (Kydland (1984), Greenwood and Hercowitz (1990), Benhabib,
Rogerson and Wright (1990)).

The time-nonseparable specification for nondurable consumption 1is
similar to that considered by Eichenbaum, Hansen, and Singleton (1988),
Eichenbaum and Hansen (1990), Constantinides (1990), and Heaton (1990, 1991)
among others, except that some of these authors considered more general form
of time-nonseparability for nondurable consumption than (8). We assume
A™>-1, so that marginal utility of consumption with respect to the life-time
utility is positive. We have habit formation for nondurable consumption
when A" is negative and local substitutability or durablity when A" is
negative. The time-nonseparability for nondurable consumption allows us to
separate the IES in the short-run and the reciprocal of the RRA coefficient
as Constantinides (1990) described, which could help explain the equity

premium puzzle of Mehra and Prescott (1985). Ferson and Constantinides

5See, e.g., Kydland and Prescott (1982), Kennan (1988), Hotz, Kydland
and Sedlacek (1988), and Eichenbaum, Hansen, and Singleton (1988).



(1991) found evidence in favor of the asset pricing model with habit

formation, using the GMM procedure. Note that the time-nonseparability does

not affect the IES in the long-run when C?(t) and C?(t—l) are equal.6 We
1

will refer to l/a as the long-run IES for nondurable consumptiom.

The usual first order condition for a household that equates real wage

rate with the marginal rate of substitution between leisure and consumption
is now:

8U /3L (t) E [} L B 8u(ttr) /a2 (c)]

W (t) = =
’ 3u /8C () E, [du (£)/8C] (£)+3u, (£+1)/3C (E)]

LRI
- -a

(07
Et[S:(t) + ﬂAnSZ(t+1) ]

(10).

We assume that 1n(C?(t)) ig difference stationary in the equilibrium. Then
; y

5, (t+7)/C, (£)=C (t+7)/C (£)+\"C (t+7-1)/C () (11)

is stationary for any r. Combined with the first order condition (11), this

implies that

-a E (L, 870 b v, (S, (t+r))]

W (£)C (8) = : (12)

[0 -

E_[{S](r)/C () + (87 (t+1)/G1(€)) ]

is stationary. Taking logs, 1n(Wi(t))-a1n(Ci(t)) is stationary as in the

time-separable case we discussed.

6A1ternatively, C?(t) grows at a constant rate in the long-run.
1



Aggregation

We have derived the cointegration restriction for individual
households. This restriction also holds for aggregated data under certain
conditions. Let Waz(l/N)ZinleL and C: =(1/N)zlj=1(fil. The cointegration
restriction implies (l/N)Zinllog(Wi)-a(l/N)ziI_jllog(C?) is stationary but we
observe log(Wa) and 1og(Ca). Thus a sufficient condition for aggregation of
the cointegration restriction is that the difference between the average of
log and the log of average over households of each of these variables is
stationary.7 This condition is empirically testable with panel data. The
condition is satisfied for consumption wunder complete markets because
service grows at the same rate for all consumers under the perfect risk
sharing and because the ratio of service flow and consumption is stationary
as we discussed.8 The assumption of complete markets does not guarantee the
aggregation condition for wage rates. This is because the difference in
wage rates for households is mainly caused by the difference in abilities of
workers. We assume that the distribution of abilities is such that the
aggregation condition holds for the real wage rates.

In our empirical work, we estimate and test the first order condition
(10) through the cointegration restriction for aggregated real wages and
consumption. We also estimate and test the standard asset pricing equation

for the time-nonseparable utility function

7It is easy to see that sufficient conditions for aggregation for

cointegration stated in Appendix of Gonzalo (1989) imply our condition.

8See Ogaki (1990) for an aggregation result under complete markets
which is applicable to nonhomothetic preferences and Ogaki and Atkeson
(1991b) and references cited therein for implications of risk sharing.

10



E [BL(S”(t+1) -y ) %+BA" (8™ (t+2)))R(E1)]
t i s i - 1 (13)

a

E [((ST(e) ™% + AN (ST (¢ 1)) ™% ]

for any gross asset return R(t). Dividing both the numerator and
denominator of (13) by S?(t)_a, which is in the information set available at
1

t, we obtain

E_[BU(ST(£+1) /87 (£)) %A (8] (t42) /8T (£)) IR(t+1)]
i i i i -1 (14)

E_[1+6A" (ST (£41)/87(6)) %]

This asset pricing formula is also satisfied by the aggregated service flow
SZ(t) = (l/N)ZT;lsz = CZ(t)+AnCa(t—1) under complete markets. This 1is
because Sz(t) grows at the same rate as as aggregate S:(t) for each i1 and
thus S?(t+r)/S?(t)=S:(t+1)/S:(t) for each i. Multiplying the numerator and
denominator of the aggregate version of (14) by S:(t)%x, we see that the

asset pricing formula (13) also holds for the aggregate service flow.

Measured Wage Rates

In optimal labor contract models, labor income contains a component
that provides workers with some degree of protection against business cycle
fluctuations. This insurance component of labor income inserts a wedge
between the marginal rate of substitution between leisure and consumption
and wages. In order to utilize information in the first order condition (5)
for estimation and testing, we start from the observation that the
cointegration restriction is robust as long as the measured wage rate has
the same trend as the marginal rate of substitution. Even when there is a
wedge between the real wage rate and the marginal rate of substitution, the
stationary restriction holds as long as the insurance component does not

have (stochastic or deterministiec) trends. Intuitively, the insurance

11



component is likely to be stationary in nature rather than trending.

In order to formalize this intuition, we consider the following simple
model. Let WT(t) be the measured wage rate and Wi(t) be the marginal
product of labor, which is equated with the marginal rate of substitution as
in (5). Assume that each firm pays the present value of Wi(t+1)[1-2i(t+l)]
in each period t, where the endowment of time is normalized to be one.
Using the standard asset pricing formula with aggregate service flows we

. . . 1 .
derived, the measured labor income of worker i, y (t), is
1

E, [BS,(6+1) "4BATS (642) )W (£+1) [1-2 (t+1)]

¥, (6)= (15)

E_[S0(6) “+BA"S] (e+1) %]

Then the measured real wage rate W:'(t) is yi(t)/[1~£i(t)]. Relation (15)
implies that Wlin(t)/wi(t) is stationary. To see this, divide the left hand
side and right hand side of (15) by [l—ﬂi(t)]wi(t) and then divide both the
numerator and denominator of the right hand side by Sa(t)_a. Then the
variables in the right hand side are stationary. Taking logs,
1n(Wr:(t))-ln(Wi(t)) is stationary. Thus the measured wage rate has the same
trend as the marginal product of labor, implying 1n(W1:(t))-aln(Ci(t:)) is

stationary.

IITI. Estimation and Inference

In this section we describe a two step procedure for estimating the
consumption curvature parameter and testing the model. Our methods combine
Ogaki and Park’s (1990) cointegration approach to estimating preference

parameters with Hansen and Singleton’s (1982) GMM procedure.

A. Implications of the Cointegration Restriction

Ogaki and Park's (1990) notions of stochastic and deterministic

12



cointegration are useful when the economic variables of interest are modeled
as difference stationary with drift (also see Campbell and Perron (1991)).
The present paper focuses on processes that are integrated of order one.
Suppose that the components of a vector series X(t) are difference
stationary with drift. If a linear combination of X(t), v X(t) is trend
stationary, the components of X(t) are said to be (stochastically)
cointegrated with a cointegrating vector 7. Consider an additional
restriction that the cointegrating vector eliminates the deterministic
trends as well as the stochastic trends, so that vy’ X(t) is stationary. This
restriction is called the deterministic cointegration restriction.

We assume that the log of equilibrium consumption is difference
stationary with drift.9 Then the cointegration restriction we derived
implies that the log of the real wage rate and the log of nondurable
consumption are cointegrated with the deterministic cointegration

’

restriction. The cointegrating vector is [1, -a]

C. Econometric Methodology for Cointegration

This subsection briefly describes the econometric procedure used by
Ogaki and Park (1990) for cointegrated systems. This procedure allows us to
test the null of deterministic cointegration restriction and stochastic
cointegration.

let X(t) be a 2-dimensional difference stationary process: X(t) -
X(t-1) = ¢ + e(t) for t=1, where ¢ is a 2-dimensional vector of real

numbers, where e(t) is stationary with mean zero, and where each component

9As shown by Hall (1978), consumption is a random walk when the real
interest rate is assumed to be constant. Since we allow the real interest
rate to vary over time, the first difference of the log of consumption can
have any serial correlation.

13



of €(t) has a positive 1long run variance. Suppose that X(t) are

" cointegrated with a cointegrating vector (l,-vy) and that the deterministic

cointegration restriction is satisfied. Then we can apply the Canonical

Cointegrating Regressions (CCR) procedure developed by Park (1990) to

Xl(t) = 00 + 7Xz(t) + ec(t), (16)

This CCR procedure requires us to transform the data before running a
regression and corrects for endogeneity and serial correlation. The CCR
estimators have asymptotic distributions that can be essentially considered

as normal distributions, so that their standard errors can be interpreted in

the usual way.lo

An important property of the CCR procedure is that linear restrictions
can be tested by xz tests which are free from nuisance parameters. We use
xz tests in a regression with spurious deterministic trends added to (16) to
test for stochastic and deterministic cointegration. For this purpose, the

CCR procedure is applied to a regression

q .
X (6) =6+ nt+ YK (£) + € (t). (17)
i=1

10The CCR estimators are estimators are asymptotically efficient, but
there are other asymptotic efficient estimators by Phillips (1988a, 1988b),
Stock and Watson (1989), Saikkonen (1989), and Phillips and Hansen (1990)
among others. Johansen's estimators are often used, but Johansen assumes
Gaussian VAR structure. The CCR does not require this Gaussian VAR
assumption, which is important for our purpose because our economic model
implies nonlinear short-run dynamics. Monte Carlo experiments in Park and
Ogaki (1991) show that the CCR estimators have better small sample
properties in terms of the mean square error than Johansen’s estimators. For
small sample efficiency, we used Park and Ogaki’s VAR prewhitening method
and the second step CCR estimator, which is formed with long-run correlation
parameters estimated by the first step CCR based on OLS as their Monte Carlo
experiments suggested.

14



Let H(p,q) denote the standard Wold statistic to test the hypothesis
n=n = ... =n4=0 with the estimate of the wvariance of ec(t) replaced by
the long run variance of the CCR (see Park (1990) for more explanation).
Then H(p,q) converges in distribution to a x;q random variable under the
null of cointegration. In particular, the H(0,1) statistic tests the
deterministic cointegrating restriction. On the other hand, the H(l,q)
tests stochastic cointegration.

The CCR allows to test the null hypothesis of the deterministic
cointegration restriction as well as stochastic cointegration.11 It is
important to test the deterministic cointegration restriction because it is

difficult to discriminate between a unit root process and a stationary

process in finite samples (see, e.g., Cochrane (1988), Christiano and
Eichenbaum (1989), and Campbell and Perron (1991)). This means that
12

stochastic cointegration is hard to test.

D. The Specification Test Based on the Asset Pricing Equation

Our economic model implies that «, the reciprocal of the long-run
intertemporal elasticity of substitution, should eliminate the stochastic
trends from consumption and the real wage rate. The model also implies that
the same preference parameter enters the asset pricing equation. It is well
known that the asset pricing equation based on state- and time-separable

utility function fails to explain stock and Treasury bill returns

11Efficiency gains in estimating the cointegrating vectors from imposing
the deterministic cointegration cointegration restriction was discussed by
West (1989) for the one regressor case and by Hansen (1990) and Park (1990)
for the general multiple regressors case.

12Preliminary Monte Carlo results in Han and Ogaki (1991) suggest that
the H(0,1) test for the deterministic cointegration does not have severe
size distortion problem and has fairly high size adjusted power against no
cointegration.

15



simultaneously (see, e.g., Hansen and Singleton (1982) and Mehra and

Prescott (1985)). Several authors have found evidence that

time-nonseparability in preferences could help explain asset returns as we
. . . 13

discussed in Section II.

The econometric model for our GMM procedure is based on the aggregate

version of the asset pricing equation (13), which implies Et(eo(t))=0, where
g
(t) = BL(C™(t+1)+A"C (£)) ™™ + /\nﬂ(C:(t+2)+AnCZ(t+l))_a]R(t+1)
8 a a

S[(C(EACT(E-1)) ™ + ATB(CL (L) ATC](£)) 7] (18),

where C° 1indicates aggregate nondurable consumption. We define
a

e (£)=e’(£)/[(1AMC*(£)]™®, and use e (t) as the disturbance for the GMM
g g a g

estimation. Since [(1+An)Cn(t)]_a is in the information available at t,
a
Et(e (t))=0. We scale the disturbance by ¢® to achieve stationarity
g a
required for the GMM and (1+f3—a to avoid a trivial solution B=0, a=«= that

causes an identification problem. The disturbance term is MA of order one
because of the time-nonseparable specification. The weighting matrix for
the GMM estimation must take account of the serial correlation.

A formal test statistic can be formed by using the estimate of o from

the cointegrating regression in the GMM procedure to obtain restricted

estimates. In this restricted GMM estimation, we estimate only f and A",
We use the same weighting matrix to form unrestricted estimates. We then
13

We do not take account of the time aggregation problem that Heaton
(1991) studied for an asset pricing model with time-nonseparable

preferences. We use quarterly data, which cover a longer period than
monthly data, to utilize information in the long-run needed for
cointegrating regressions. Though annual cover an even longer period, the

time aggregation problem for the asset pricing equation can be severe for
annual data.

16



take the difference of Hansen’s (1982) chi-square test (Hansen's JT test)
statistic for the .overidentifying restrictions from the restricted
estimation and that from the unrestricted estimation, in which g, A", and a
are estimated. The difference is Eichenbaum, Hansen, and Singleton’s (1988)
CT test, which has an asymptotic chi-square distribution with one degree of
freedom. In our empirical work, we often use three instrumental variables,
so that unrestricted GMM estimation is just identified and JT is zero. In
this case, CT coincides with restricted JT. This two step procedure does
not alter the asymptotic distribution of GMM estimators and test statistics
because our cointegrating regression estimator is super consistent and

1/2
converges at a rate faster than T iz,

IV. Data

Quarterly seasonally adjusted data in the National Income and Product
Accounts (NIPA) were used for consumption. We used three alternative
measures of nondurable consumption: nondurables plus services (NDS),
nondurables (ND), and food. There are several reasons for looking at food
as well as NDS and ND that have been typically used in the literature on the
aggregate labor supply model. First, NDS and ND contain durable components
such as clothing. Second, using food alone allows us to compare our results
with those from the PSID, whose only consumption data are food consumption
data. Third, the long-run IES for food is a key parameter for Atkeson and
Ogaki’s (1991) model.

The per capita real consumption series was constructed by dividing the
aforementioned series of constant 1982 dollar consumption by the quarterly
average of monthly civilian noninstitutional adult (age sixteen and over)

population. For nominal wages we used a series that is an updated version
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of that used by Eichenbaum et al. That series, average hourly compensation
in non-agricultural employment, includes wages, employers’s contributions to
social security, and other labor income (benefits).14 Real wages were
constructed by dividing nominal wages by the implicit deflator of each of
the three consumption measures used. We used the value-weighted average of
returns on the New York Stock Exchange and the American Stock Exchange
obtained from the CRSP as data for stock returns. Monthly returns for the
three months in each quarter were compounded. We used three-month Treasury
bill yields in the CRSP risk free file as nominal risk free returns.15 Real
gross returns were obtained from the nominal returns and the implicit
deflators of each of the three consumption measures. The timing convention
for matching returns with consumption are that of Hansen and Singleton
(1982). The sample period was from 1947:1 to 1989:1.
V. Empirical Results

This section reports the results of cointegrating regressions and the
specification test based on the asset pricing equations for stock returns
and nominal risk free returns.

We first report test results for the null of difference stationarity
against trend stationarity. This null usually cannot be rejected for real
wage series as in Altonji and Ashenfelter (1980) and Nelson and Plosser

(1982) and for consumption series as in Eichenbaum and Hansen (1989) among

14The series used by Eichenbaum et al was a Citibase series, LPCNAG.

Since Citibase no longer reports that series, we reconstructed it and
updated it using their original definition. The data and the details of its
construction are available on request.

5Since yields reported in this file are continuously compounded 365
days to maturity, the nominal gross return for our model is
exp(r-NDM/(365-100)) where r is the yield reported in percentage and NDM is
the number of days to maturity reported in the file.
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others. We verify this for our data of real wage and consumption by the
J(1,5) test proposed by-Park and Choi (1988). Compared with of Said and
Dickey’s (1984) Augmented Dickey-Fuller (ADF) test and Phillips and Perron's
(1988) tests, that are often used in the literature, the J(I1,5) test has the
advantage that neither an estimate of the long run variance nor a choice of
the order of the AR is required. This is very important because the ADF
test results are known to be very sensitive to the order of the AR used and
because there is no guidance from asymptotic theory to choose the order of
the AR. Park and Choi’s Monte Carlo experiments show that the J(1,5) test
has little size distortion compared with Phillips and Perron tests and is
not dominated by the ADF test or Phillips and Perron tests in terms of size
adjusted power in small samples.

The values of the J(I1,5) test were 5.8, 3.7, 2.3, for the three
measures of log real consumption NDS, ND, and food,respectively, and 26.0,
8.9, and 8.7 for the three measures of log real wage rate corresponding to
the implicit deflator for NDS, ND, and food, respectively. Thus, we do not
reject the null of difference stationarity at 10% level for all series.

Table 1 reports CCR results.16 For each measure of consumption, both
the log of the real wage rate and the log of real consumption were used as
the regressand because either variable can be used in the cointegrating

regressions. All point estimates for a have the theoretically correct

16We used Ogaki’s GAUSS CCR Package for the CCR estimations. The CCR

procedure requires an estimate of the long run covariance of the
disturbances in the system. We used Park and Ogaki’s (1991) method with
Andrews and Monahan’s (1990) prewhitened HAC estimator with the QS kernel.

VAR of order one was used for prewhitening. We followed footnote 4 of
Andrews and Monahan and the maximum absolute value of the elements of A in
their notation was set to 0.99. Andrews's (1990) automatic bandwidth

estimator, ST, was constructed from fitting AR(l) to each disturbance.
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positive sign. Our estimates indicate that the long-run IES (1l/a) is
smaller for - food, supporting -Atkeson and Ogaki's model as we discussed.

Point estimates are strikingly similar when different regressands are
used. This is favorable evidence for cointegration because we expect
similar estimates when the system is cointegrated while there is no reason
to expect similarity when the system is not cointegrated. It is not
possible, however, to construct a formal test based on this similarity
because the estimators with different regressands converge in distribution
to the same random variable. The H(l,q) statistics test stochastic
cointegration, and we always fail to reject the null of stochastic
cointegration at the 1 percent level. We only rejected the null at the 5
percent level when 1In(W) was used as the regressand for NDS. The H(0,1)
tests the deterministic cointegration restriction. We always fail to reject
this restriction at the 5 percent level.

Table 2 presents results for the specification test based on the asset
pricing equation. For each of three measures of nondurable consumption, the
estimate of a from the cointegrating regression with the log real wage rate

as the regressand was used for the GMM procedure.17 The first panel reports

17We used Hansen-Heaton-Ogaki GAUSS GMM Package that was supported by
NSF Grant SES-3512371 for the GMM estimation. The initial weighting
matrices were identity matrices for each estimation except for estimations
with multiple returns, where they were calculated from estimates with stock
returns. We iterated on the weighting matrix as described by Kocherlakota
(1989) up to ten iterations, since his Monte Carlo results indicated that
the iteration improves the small sample properties of the GMM estimator.
When the zero restrictions lead to a non-positive semidefinite covariance
matrix, We used Eichenbaum, Hansen, and Singleton’s (1988) modified Durbin’s
method with AR(5). The zero restrictions on the covariance matrix from the
MA(1l) structure of the disturbance term to calculate the weighting matrix
were successfully imposed for all final iterations except for NDS and ND

when multiple returns were used. For these cases, iterations lead to
estimates of A" that were close to -1 and the nonlinear search failed as
described in the text before the tenth iterations. We report the first
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results when only the value weighted returns are used. The instrumental
variables used for es(t) were a- constant, C:(t-l)/CZ(t-Z), and a gross real
stock return lagged one period. The parameters estimated were B and A",
Our estimates of B are less than one and seem reasonable. Our estimates of
2" are less than one in absolute value and also seem reasonable. We
estimate A" to be statistically significantly negative, implying habit
formation. The specification test, CT test, does not reject our model at
conventional levels.

The second panel of Table 2 reports results when both stock returns and
nominal risk free returns are used. In order to keep the number of
instrumental variables small as Tauchen (1986) and Kocherlakota (1989)
recommend for better small sample properties, we used only a constant for
the disturbance for stock returns and a constant and a real gross Treasury
bill return lagged one period for the disturbance for Treasury bill returns.
When values of A" tried in the nonlinear search routine became close to -1,
the routine often failed because C:(t)+x%i(t-1) was negative for some t.
We could not obtain any results for food with this set of instruments
because of this problem. Instrumental variables for the results reported in
Table 2 for food were a constant, Cj(t-l)/ti(t-Z), and gross real stock
return lagged one period for the disturbance for stock returns and a
constant, CZ(C-l)/CZ(t-Z), and a gross real Treasury bill return lagged one
period for the disturbance for Treasury bill returns.18 The CT test

statistic was significant at the five percent level only for ND, where it is

iteration results for these two cases.

18We also tried this set of instruments for NDS and ND. Values tried in

the nonlinear search routine for 2" became close to -1 for unrestricted
estimation and we could not obtain unrestricted estimates.
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only marginally significant. Point estimates of f are larger than those
reported in the first panel but still less than one for NDS and ND. Point
estimates for B are slightly larger than one, but are not statistically
significantly larger than one. Estimates of ) are significantly larger
than one at the five percent level and thus reasonable. Except for food,
estimates of ) are significantly different from zero at the five percent

level.

VI. Conclusions

In this paper we tested the following three implications of a
neoclassical labor contracting model. First, the stochastic trend in the
log of real wages is proportional to the stochastic trend in the log of
consumption. Second, the cointegrating vector (1, -a)’ that eliminates the
stochastic trends also eliminates the deterministic trends in the two time
series, where a is the reciprocal of the long-run IES for mnondurable
consumption. Third, the asset pricing equations for stock and nominal risk
free returns are satisfied when the second component of the cointegrating
vector is used as the reciprocal of the long-run IES.

We used three alternative measures of nondurable consumption, NDS, ND,
and food. We did not reject any of the three implications of our model at
the one percent level. Only a few of our specification test statistics were

significantly large at the five percent level. Our estimates of the

19 e . . .
We checked sensitivity of results with respect to fixed subsistence

levels. All equations used in our econometric work continue to hold with
fixed subsistence levels if we replace C:(t) by c"(t)-vy, where v is the
a

subsistence level of nondurable consumption. We used Ogaki and Atkeson'’s
(1991b) estimates in a way similar to that of Ogaki and Atkeson (1991a). We
found very little effects on our empirical results from fixed subsistence
levels.
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long-run IES, 1/a, were about 0.8 for NDS, 0.4 for ND, and 0.3 for food.

The results just described stand in sharp contrast to those usually
reported in the literature on the estimation and testing of the neoclassical
representative agent model. It is now fairly commonplace to regard such
empirical work as a parameter estimation exercise and to not be surprised if
the model is rejected formally. Our results suggest that treating the
information in real wages and consumption in the way that is implied by the
optimal labor contract model yields sensible parameter estimates and does

not lead to the rejection of the model.
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TABLE 1

CANONICAL COINTEGRATING REGRESSION RESULTS

Regressand®  a /e ® HO,1)°  HA,2)Y H@A,) H(1,4)°
w, NDS 1.224 0.817 3.562 0.838 6.738 10.731
(0.123) . . . (0.059)  (0.360)  (0.034)  (0.013)

c, NDS 1.309 0.764 0.197 0.038 2.613 3.076
(0.037)  (0.657)  (0.846)  (0.271)  (0.380)

w, ND 2.442 0.413 1.166 0.020 4.448 8.090
(0.115) . . . (0.280)  (0.886)  (0.109)  (0.044)

¢, ND 2.439 0.410 1.389 0.001 0.113 0.353
(0.027)  (0.239)  (0.980)  (0.945)  (0.950)

w, food 3.114 0.321 1.430 0.413 0.468 1.784
(0.275) . . . (0.232)  (0.520)  (0.791)  (0.618)

c, food 3.027 0.330 0.667 0.028 0.646 2.245

(0.031) (0.414) (0.868) (0.724) (0.523)

NOTE: Park and Ogaki’s (1991) method with Andrews’s (1991) automatic
bandwidth parameter estimator was used to estimate Ilong-run correlation
parameters,

®In this column, the regressand is indicated as w (In(W)) or ¢ (In(C)).
The measure of consumption and the corresponding measure of the implicit
deflator used to yield real wage rate are indicated as NDS, ND, and food.

Standard errors are in parentheses.

°P-values are in parentheses. This statistic tests the deterministic
cointegration restriction.

P-values are in parentheses. These tests the null of stochastic
cointegration.
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TABLE 2

Specification Test Results Based on the Asset Pricing Equation

Consumption® a” ﬂb AP J; df C:
Stock Returns

NDS (R) 1.224 0.982 -0.530 .o 1.829
(0.006) (0.082) (0.176)

ND (R) 2.422 0.983 -0.279 .o 0.193
(0.006) (0.096) (0.660)

Food (R) 3.114 0.982 -0.267 o 1.074
(0.007) (0.044) (0.300)
Stock Returns and Treasury bill Returns

NDS (R) 1.224 0.999 -0.706 .o 3.219
(0.004) (0.094) (0.073)

ND (R) 2.422 0.998 -0.454 R 4.069
(0.003) (0.090) (0.044)

Food (R) 3.114 1.001 -0.105 7.279 4
(0.002) (0.065) (0.122)

Food (U) 3.849 1.001 -0.079 7.011 3 0.268

(1.244) (0.002) (0.064) (0.072) (0.605)

NOTE: Our estimate of a reported Table 1 with 1In(W) as the regressand
was used for each consumption category for restricted estimation.

*In this column, we report the measure of nondurable consumption used
and whether or mnot the estimation is restricted (indicated by R) or
unrestricted (indicated by U).

Standard errors are in parentheses when unrestricted.

‘This statistic tests the overidentifying restrictions. This is
reported only it differs from the CT statistic. The p-values are in
parentheses.

d . - . s s .
This chi-square statistic with one degree of freedom tests the
restriction imposed. The p-values are in parentheses.
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