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SUMMARY

This paper re-examines whether 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 labour 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
(cointegration restriction) for estimating and testing the model, using Ogaki and Park’s (1989)
cointegration approach. This long-run restriction involves a parameter that we call the long-run
intertemporal elasticity of substitution (IES) for non-durable consumption but does not involve the IES for
leisure. This allows us to estimate the long-run IES for non-durable consumption from a cointegrating
regression. Tests for the null of cointegration do not reject our model. As a further analysis, our estimates
of the long-run IES for non-durable consumption are used to estimate the discount factor and a coefficient
of time-nonseparability using Hansen’s (1982) Generalized Method of Moments. We form a specification
test for our model @ la Hausman (1978) from these two steps. This specification test does not reject our
model.

1. INTRODUCTION

This paper re-examines 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 labour contracting model is more appropriate for understanding the time series
behaviour of real wages and consumption. We show that a version of the optimal contract
model restricts the long-run relation between real wages and consumption. We exploit this long-
run restriction (cointegration restriction) to estimate preference parameters and test the model.'
First, we employ the cointegration approach suggested by Ogaki and Park (1989) to estimate the
long-run intertemporal elasticity of substitution for non-durable consumption from a
cointegrating regression. We test the model by testing for the cointegration restriction.

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

CCC 0883-7252/96/020119-16 Received June 1994
© 1996 by John Wiley & Sons, Ltd. Revised April 1995



120 T.F. COOLEY AND M. OGAKI

As a further analysis, we use this estimated preference parameter in the asset pricing equation
implied by this economy to estimate the discount factor and a coefficient of time-non-
separability using Hansen’s (1982) Generalized Method of Moments (GMM). From this we are
able to construct another specification test of the model.

Mankiw, Rotemberg, and Summers (1985, hereafter Mankiw et al.) subjected the Euler
equations of an intertemporal labour supply 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 not 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. Second,
Eichenbaum et al. allowed time-nonseparability of preferences. Though their point estimates
were reasonable, their formal test statistics typically rejected the model at the 1 per cent 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 consumption. 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
labour contract model might be appropriate for understanding real wages.?

A given Pareto optimal allocation can be consistent with a wide variety of institutional
arrangements. In optimal labour contract models (see, e.g. Azariadis, 1975, Rosen, 1985;
Wright, 1988, labour income contains a component that provides workers with some degree of
protection against business cycle fluctuations (also see Hall, 1980). This insurance component
of labour income inserts a wedge between the marginal rate of substitution between leisure and
consumption and wages. In their empirical work, Gomme and Greenwood (1995) 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 labour contracting to estimate preference parameters and
test the model. In 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 a version
of the optimal contract model implies that the real wage rate is equated with the marginal rate
of substitution between consumption and labour in the long run. 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. In the first step of our econometric procedure, we
test the null hypothesis of cointegration and estimate the long-run IES for three measures of
non-durable consumption. We do not reject the null of 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

2Osano and Inoue (1991) 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 product of labour.
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GMM to estimate the discount parameter and a coefficient of time-non-separability. 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.

The rest of the present paper is organized as follows. In Section 2, we present our model and
derive the cointegration restriction. We describe our econometric procedures in Section 3. In
Section 4, we explain the data. Section 5 contains our empirical results. Our conclusions are in
Section 6.

2. THE ECONOMY

2.1. 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. Each household maximizes

U= EO[Z ﬂ'u(t)] Q)
t=0

where E, denotes the expectation conditioned on the information available at z. In order to
develop intuition, let us first consider a simple intra-period utility function that is assumed to be
time- and state-separable and separable in non-durable consumption, durable consumption, and
leisure:

l-a
u(t) = o -1, v(l(0) @)
l-a
where v(-) is a continuously differentiable concave function, C(¢) is non-durable consumption,
and [(¢) is leisure.
For now, assume that real wages do not contain any insurance component. Then the usual
first-order condition for a household that equates the real wage rate with the marginal rate of
substitution between leisure and consumption is:

!
Wi = 20 3)
co™
where W(¢) is the real wage rate. We assume that the stochastic process of leisure is (strictly)
stationary in the equilibrium as in Eichenbaum ef al. 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 In(Wt) — a In(C(¢) =In(v' (I(¢)) 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 a from cointegrating regressions.
Given that the saving rate is stable in the long run in the USA (as Kuznets, 1946, found), it is
natural to impose a restriction that the ratio of total consumption expenditure and labour income
is stable at least when a consumer is rich enough. Because we assume that consumption and
leisure are additively separable in intertemporal preferences, this restriction implies that a is
equal to one when total consumption expenditure is used as C(¢) in our model. In our empirical
work, we use a measure of non-durable consumption as C(¢), assuming that the other
consumption goods (say, durable consumption goods) are additively separable from the
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measure of non-durable consumption good used in our analysis. For this reason, a can be
different from one even when the saving rate is stationary for rich enough consumers.*

We now introduce time-non-separability of preferences. The intra-period utility function is
assumed to be

S@' -1
u(e) = —(i— +v(1(0), It = 1), ..., 1(t - &) )
-a
where S(t) is the service flow from non-durable consumption:
S@=Ct)+AC(t-1) ®)

This type of time non-separable specification of leisure has been used by many authors* 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, 1991).

The time-non-separable specification for non-durable consumption is similar to that
considered by Eichenbaum, Hansen, and Singleton (1988), Eichenbaum and Hansen (1990),
Constantinides (1990), Heaton (1993, 1995), Allen (1992), and Braun, Constantinides, and
Ferson (1993) among others, except that some of these authors considered more general form
of time- non-separability for non-durable consumption than equation (5). We have habit
formation for non-durable consumption when A is negative and local substitutability or
durability when A is positive.’ Note that the time- non-separability does not affect the IES in the
long-run when C(f) and C(¢ - 1) are equal.® We will refer to 1/a as the long-run IES for non-
durable consumption.

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:

K
E, ‘o al(¢
v 20RO _ [goﬂ u(t +1)/aI( )]
dU/AC(t)  E[0u(t)/dC(t) + du(t + 1)/dC(1)] ©
K
Ef> B ovi+ r)/al(t)]
=0
T OE[S() ™+ BAS(+ 1)
We assume that In(C (¢#)) is difference stationary in the equilibrium. Then

S+1)/CH)=C(t+T1)/Ct)+AC(t+T+1)/C(>1) @)

*Because many economic models imply known cointegrating vectors when the log of the variables are taken and
because an attractive feature of cointegration is that unknown parameters can be estimated without exogeneity
assumptions, the fact that a is unknown in the model is important. For this reason, this point that a can be different
from one is explained in details in the Appendix.

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

*The time-non-separability for non-durable 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 (1991) found evidence in favour of the asset pricing
model with habit formation, using GMM.

¢ Alternatively, C(t) grows at a constant rate in the long run.
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is stationary for any 7. Combined with the first-order condition (6), this implies that

K

E[ > B ov(t+ r)/al(t)]

W(HC(H)™ = ik ®)
E[{S®O/CH)} ™+ BA{S(t + 1)/C(1)} "]

is stationary. Taking logs, In(W(¢#)) — a In(C(t)) s stationary as in the time-separable case we
discussed.

2.2. Aggregation

We have derived the cointegration restriction for individual households. This restriction also
holds for aggregated data under certain conditions when the restriction holds for each household
i (i=1,...,N). Denoting household i’s variable by a subscript i, let W,= (1/N)Z". W, and
C,= (1/N)ZX. ,C.. The cointegration restriction implies (1/N)ZY., log(W,) — a(1/N)Z}_, log
(C)) is stationary but we observe log(W,) and log(C,). 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.” This condition is
empirically testable with panel data. The condition is satisfied for consumption under complete
markets because the flow of services grows at the same rate for all consumers under the perfect
risk sharing and because the ratio of service flow to consumption is stationary as we discussed.®
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 (6) through the
cointegration restriction for aggregated real wages and consumption. We also estimate and test
the standard asset pricing equation for the time-non-separable utility function

E[B{S(t+1)" +BAS(t+2)"}R(t+ 1)] _ :
E[{S®)™+BAS+1)"]]

)

for any gross asset return R(t). Dividing both the numerator and denominator of equation (9) by
S(t) ~ %, which is in the information set available at ¢, we obtain

E,[BI(S(t+ 1)/S@)™ + BAS(t+2)/S@) "Rt + D] _
E[1+BA{S@+ D[S}

1 10)

This asset pricing formula is also satisfied by the aggregated service flow S,(f)=(1/
NZY S:()=C,(t)+ AC,(t - 1) under complete markets. This is because S(¢) grows at the same
rate as as aggregate S*(¢) for each household i and thus S'(¢ + 7)/S;(t) = S,(t + 1)/ S, (¢) for each i.
Multiplying the numerator and denominator of the aggregate version of equation (10) by

It is easy to show that sufficient conditions for aggregation for cointegration stated in Gonzalo (1993) imply our
condition.

¥See Ogaki (1990) for an aggregation result under complete markets which is applicable to non-homothetic
preferences.
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S84(1) ™ %, we see that the asset pricing formula (9) also holds for the aggregate service flow:
E[B{S.(t+ )" + BAS,(t +2) " JR(t+ )] .
E[{Sa()" + BAS.(t+ 1)*}]

@)

2.3. Insurance Components in Measured Wage Rates

In optimal labour contract models, labour income contains a component that provides workers
with some degree of protection against business cycle fluctuations. This insurance component
of labour income inserts a wedge between the marginal rate of substitution between leisure and
consumption and wages. To utilize information in the first-order condition (6) 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 deterministic) trends.
Intuition suggests that the fraction of the insurance component in the wage rate is likely to be
stationary rather than trending.

In order to formalize this intuition, we consider the following simple model. Let W™ (¢) be the
measured wage rate and W(¢) be the marginal product of labour, which is equated with the
marginal rate of substitution as in equation (6). Assume that each firm pays the present value of
W(t+ 1[1-I(t+1)] in each period ¢, where the endowment of time is normalized to be one.
Using the standard asset pricing formula with aggregate service flows we derived above, the
measured labour income of the worker, y(¢), is

30 = E[[B{S,(t+ 1)+ BAS ,(t +2) “}W(t + D[1 - It + D]] (1)
E/[Sa(" + BAS.(t + 1)°]

Then the measured real wage rate W”(¢) is y(¢)/[1 - I(t)]. Relation (11) implies that W™(t)/
W(t) is stationary. To see this, divide the left-hand side and right-hand side of relation (11) by
[1-1(#)]W(¢) and then divide both the numerator and denominator of the right-hand side by
S,(t) "% Then the variables in the right-hand side are stationary. Taking logs,
In(W™(#)) - In(W(2)) is stationary. Thus the measured wage rate has the same trend as the
marginal product of labour, implying In(W"(¢)) — a In((C(¢)) is stationary.

3. 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 (1989) cointegration approach to
estimating preference parameters with Hansen and Singleton’s (1982) GMM approach.

3.1. Implications of the Cointegration Restriction

The notions of stochastic and deterministic cointegration are useful when the economic
variables of interest are modelled as difference stationary with drift.” The present paper focuses

*The notions of stochatic cointegration and the deterministic cointegration restrictions were defined by Ogaki and Park
(1989) and Campbell and Perron (1991). Efficiency 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 (1992) and Park (1992) for the general multiple-regressors case.
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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(¢), y'X(¢) is trend
stationary, the components of X(#) are said to be (stochastically) cointegrated with a
cointegrating vector . Consider an additional restriction that the cointegrating vector eliminates
the deterministic trends as well as the stochastic trends, so that y'X(#) is stationary. This
restriction is called the deterministic cointegration restriction.

We assume that the log of equilibrium consumption is difference stationary with drift.'® Then
the cointegration restriction we derived implies that the log of the real wage rate and the log of
non-durable consumption are cointegrated with the deterministic cointegration restriction. The
cointegrating vector is [1, —a]'.

3.2. Econometric Methodology for Cointegration

This subsection describes the econometric procedure we use. This procedure allows us to test the
null hypothesis of stochastic cointegration and the deterministic cointegration restriction.

Let X(¢) be a two-dimensional difference stationary process: X (¢) — X(¢—1)= ¢ + &(¢) for
t=1, where ¢ is a two-dimensional vector of real numbers, where &(¢) is stationary with mean
zero, and where each component of &(¢) has a positive long-run variance. Suppose that X(¢) are
cointegrated with a cointegrating vector (1, —y) and that the deterministic cointegration
restriction is satisfied. Then we can apply Park’s (1992) Canonical Cointegrating Regressions
(CCR) procedure'' to

Xi(1)=0.+yX,(1) + €.(1) 12)

This CCR procedure requires us to transform the data before running a regression and corrects
for endogeneity and serial correlation. Let v(¢) = (&.(¢), &,(¢)) where &,(¢) is the second element
of £(t). Define ®(t)=E(v(t)v(t—i)'), E=®(0), T=X7_P(i), and Q=X7__ P (i). Here Q
is the long- run covariance matrix of v, Define

Q,=Q,,-Q,,Q;'Q, (13)

and ', = (T'},,T'y,)’, where Q, and I';; are the ijth component of Q and T', respectively. We
make an additional assumption that Q,, , is positive. Consider transformations

Y () =y(t) + v () (14)
X*(t)=X () + v (1) (15)

Because v (¢) is stationary, y*(t) and X* (#) are cointegrated with the same cointegrating vector
(1, =) as y(¢) and X(¢) for any IT and IT,. The 1dea of the CCR is to choose IT; and IT, so that
the OLS estimator is asyrnptotlcally efﬁc1ent when y (t) is regressed on x* (1). Th1s requires

Hy=2 - lrz‘)/"' o, Q1292_2) (16)
H'\':z - lr2 (17)

In practice, long-run covariance parameters in these formulas are estimated, and estimated IT,
and IT, are used to transform y(#) and X(¢f). As long as these parameters are estimated
consistently, the resultant CCR estimator is asymptotically efficient.

19 As 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.

'1'See Ogaki (1993a) for a more detailed explanation of CCR-based estimation and testing.
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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.'? An
important property of the CCR procedure is that linear restrictions can be tested by x> tests
which are free from nuisance parameters. We use yx° tests in a regression with spurious
deterministic trends added to equation (12) to test for stochastic and deterministic cointegration.
For this purpose, the CCR procedure is applied to a regression

q
X,(t) = 0.+ ) mit' + yXo(0) + £.(t) (18)
i=1
Let H(p,q) denote the standard Wald statistic to test the hypothesis 7,=17,,,=---=n,=0 with
the estimate of the variance of &¢.(¢) replaced by Q,,, (see Park, 1990, for details). Then
H(p, q) converges in distribution to a x> _ , 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(1, q) tests stochastic cointegration.

3.3. The Specification Test Based on the Asset Pricing Equation

Our economic model implies that a, 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 simultaneously (see e.g. Hansen and Singleton,
1982; Mehra and Prescott, 1985). Several authors have found evidence that time-non-
separability in preferences could help explain asset returns as we discussed in Section 2.3

The econometric model for our GMM procedure is based on the asset pricing equation (9°),
which implies E,(3(f)) = 0, where

eg(t) =BI(C,t+ 1)+ AC (1)) *+ AB(C,(t +2) + AC,(t+ 1)) *]IR(t+ 1)
—[(Ca(+AC, (1= 1))+ AB(C,(t+ 1)+ AC,(1))™"] (19)

where C, indicates aggregate non-durable consumption. We define ¢,(t)= eg(t)g(l)/
[A+B{C,(1)+AC,(t—=1}*]and g(A)=1uf A<land g(A)=1+ (A-1)%if A>1. We use
€,(t) as the disturbance for the GMM estimation. Since the scale factor g(4)/
[1+ BA{C, () + AC (¢~ 1)}7*] is in the information available at ¢, E,(g,(t)) =0, We scale the
disturbance to achieve stationarity required for the GMM, " to avoid the trivial solutions that
cause an identification problem, and to incorporate the prior information that 4 is likely to be

'2The CCR estimators are asymptotically efficient, but there are other asymptotic efficient estimators by Phillips and
Hansen (1990), Phillips (1991), Saikkonen (1991), and Stock and Watson (1993), among others. Johansen’s
estimators are often used, but Johansen assumes a Gaussian VAR structure. The CCR does not require this Gaussian
VAR assumption, which is important for our purpose because our economic model implies non-linear 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. Following Monte Carlo based
recommendations by Park and Ogaki (1991) and Han and Ogaki (1991), we used the prewhitening method and report
third-stage CCR estimates and fourth-stage CCR H(p, q) test statistics.

"*We do not take account of the time aggregation problem that Heaton (1995) studied for an asset pricing model with
time-non-separable 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 data cover an even longer period, the
time aggregation problem for the asset pricing equation can be severe for annual data.

"The stationarity assumption of the GMM can be relaxed to some extent, but unit-root non-stationarity is not allowed.
Hence the stationary inducing transformation is necessary for our model.
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smaller than one in absolute value.'> Even though the asymptotic theory justifies this type of
scaling, small- sample properties of the GMM estimator are affected by the choice of the
scaling factor. For this reason, the g(4) function is designed not to affect the disturbance when
A<1: we have little prior information about which admissible value of 4 is more plausible when
the absolute value of A is less than one. The disturbance term is MA of order one because of
the time-non-separable 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 a from the cointegrating
regression in the GMM procedure to obtain restricted estimates. In this restricted GMM
estimation, we estimate only 8 and A. We use the same weighting matrix to form unrestricted
estimates. We then take the difference of Hansen’s (1982) chi-square test (Hansen’s J; test)
statistic for the overidentifying restrictions from the restricted estimation and that from the
unrestricted estimation, in which 8, 4, and a are estimated. The difference is the likelihood ratio
type test (denoted by C;), which has an asymptotic chi-square distribution with one degree of
freedom.'® 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 converges at a rate faster than T2,

4. DATA

Quarterly seasonally adjusted data in the National Income and Product Accounts (NIPA) were
used for consumption. We used three alternative measures of non-durable consumption: non-
durables plus services (NDS), non-durables (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 labour 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.

The per capita real consumption series was constructed by dividing the above-mentioned
series of constant 1982 dollar consumption by the quarterly average of monthly civilian non-
institutional adult (age 16 and over) population. For nominal wages we used a series that is an
updated version of that used by Eichenbaum et al. That series, average hourly compensation in
non-agricultural employment, includes wages, employers’ contributions to social security, and
other labour income (benefits).'” 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 Center for Research in Security Prices of the University of Chicago (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.'® Real gross returns were obtained from the nominal returns and the implicit

!5 Certain values of A are not admissible because C,(¢t) + AC,(t - 1) cannot be negative. In order to exclude these
values in the GMM non-linear search, a very large positive number was returned as ¢,(t) when they are tried. A
numerical derivative program was modified accordingly. See Ogaki (1993b) for details.

16 See e.g. Ogaki (1993d) for an explanation of the likelihood ratio type test for GMM.

'7The 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.

' Since 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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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
1947:1to 1990:1V.

5. 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 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 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(1, 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(1,5) 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 I. Canonical cointegrating regression results

Regressand a l/a H(,1) H(1,2) H(1,3) H(1,4)
eV @) 3) ) ) (6) @)
w, NDS 1-103 0-907 5-644 0-400 7-249 10-805
(0-075) (0-094) (0-018) (0-527) (0-027) (0-013)
¢, NDS 1-.916 0-522 0-033 1-944 3-039 4-085
0-214) (0-112) (0-856) (0-163) (0-219) (0-252)
w, ND 2:361 0-424 0-744 2-060 7-243 8-584
(0-098) (0-019) (0-388) (0-151) (0-027) (0-035)
¢, ND 2-370 0-422 1-486 0-005 0-032 0-062
(0-142) (0-025) (0-223) (0-942) (0-984) (0-996)
w, Food 2-939 0-340 1-297 1.774 1-808 3-260
(0-226) (0-027) (0-255) (0-183) (0-405) (0-353)
¢, Food 2-870 0-348 0-228 0-089 1-446 3798
(0-221) (0-028) (0-633) (0-765) (0-485) (0-284)

Notes: Park and Ogaki’s (1991) method with Andrews’ (1991) automatic bandwidth parameter estimator
was used to estimate long-run correlation parameters. In column 1, 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. In columns. 2 and 3, standard
errors are in parentheses. Column 4 is a x? test statistic for the deterministic cointegration restriction.
Asymptotic P-values are in parentheses. Columns 5, 6 and 7 are x’ test statistics for stochastic
cointegration. Asymptotic P-values are in parentheses.
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Table I reports CCR results.'” 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 positive sign. Our estimates indicate that the long-run IES (1/a) is smaller for food,
supporting Atkeson and Ogaki’s (1991) model.

For ND and food, point estimates are strikingly similar when different regressands are used.
This is favourable evidence for cointegration because we expect similar estimates when the

Table II. Specification test results based on the asset pricing equation

Consumption a B A Jr DF Cr
ey @) 3 C)) ) ©® 7
(1) Using consumption and returns as instruments
NDS R) 1-103 0-995 -0-522 9-573 4
(0-003) (0-120) (0-048)
NDS (U) 6-729 1-020 -0-181 6-039 3 3-534
(2-948) (0-013) (0-148) (0-110) (0-060)
ND (R) 2-361 0-999 -0-143 7-150 4
(0-002) (0-089) (0-128)
ND (U) 3-092 1-001 -0-101 6-859 3 0-291
(1-346) (0-004) (0-103) 0-077) (0-590)
Food (R) 2-939 0-589 -0-958 10-577 4
(0-161) (0-008) (0-032)
Food (U) 2-642 0-607 -0-960 10-545 3 0-032
(2-988) (0-360) (0-017) (0-014) (0-858)
(2) Using financial instruments
NDS (R) 1-103 0-992 -0-773 6-472 2
(0-007) (0-116) (0-039)
NDS (U) 7-129 1-011 -0-475 5-811 1 0-661
(6:793) (0-023) (0-282) (0-016) (0-416)
ND (R) 2-361 0-996 -0-284 6:471 2
(0-005) (0-331) (0-039)
ND (U) 4-280 1-000 1-000 6-416 1 0-055
(3-130) (0-025) (267-294) (0-011) (0-814)
Food (R) 2-939 0-820 -0-893 3.256 2
(0-100) (0-047) (0-196)
Food (U) 0-447 0-844 -0-971 2-802 1 0-454
(2-075) (0-151) (0-040) (0-094) (0-501)

Notes: The estimate of a reported Table I With In(W) as the regressand was used for each consuption
category for restricted estimation. In column 1 we report the measure of non-durable consumption used
and whether the estimation is restricted (R) or unrestriced (U). In columns 2, 3, and 4 standard errors are
in parentheses. Column 5 reports Hansen’s J-test, and asymptotic P-values are in parentheses. Column 6 is
the degree of freedom of Hansen’s J in column 5. Column 7 reports the likelihood ratio type test with one
degree of freedom for the restriction imposed. The asymptotic p-values are in parentheses.

" We used Ogaki’s (1993C) 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 (1992) prewhitened HAC estimator with the QS kemel. 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 (1991) automatic bandwidth estimator, S, was constructed from fitting AR(1) to
each disturbance.
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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(1, g) statistics test stochastic cointegration, and we always fail to reject the null
of stochastic cointegration at the 1 per cent level. The H(0,1) tests the deterministic
cointegration restriction. We always fail to reject this restriction at the 1 per cent level, and only
rejects it at the 5 per cent level for NDS when In(W) is used as the regressand.

Table II presents results for the specification test based on the asset pricing equation for the
value weighted returns and Treasury bill returns. For each of three measures of non-durable
consumption, the estimate of a from the cointegrating regression with the log real wage rate as
the regressand was used for the GMM procedure.” For the restricted estimation, the parameters
estimated were § and A. For the unrestricted estimation, the parameters estimated were a, b,
and A

The first panel of Table II reports results when conventional instrumental variables of
consumption growth and asset returns are used. We used a constant, real consumption growth
lagged one period, and a real gross stock return lagged one period for the disturbance for stock
returns; and a constant, real consumption growth lagged one period, and a real gross Treasury
bill return lagged one period for the disturbance for Treasury bill returns.

The second panel of Table II reports results when some financial instrumental variables are
used. We used a constant, a dividend yield (seasonally adjusted by removing the deterministic
seasonal components estimated from a regression with seasonal dummies), a yield spread, and
the value weighted return for the disturbance for stock returns and only a constant for the
disturbance for Treasury bill returns. The dividend yield is the average dividend yield on the
CRSP value-weighted stock index. The yield spread is the monthly yield to maturity of
corporate bonds rated Baa by Moody’s Investor Services, minus that of the the Aaa corporate
yield.

In most cases, we estimate A to be statistically significantly negative, implying habit
formation. The specification test, C; test, does not reject our model at the 5 per cent level.

6. CONCLUSIONS

In this paper we tested the following three implications of a neoclassical labour 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 non-durable 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 the Hansen—Heaton-Ogaki GAUSS GMM Package that was supported by NSF Grants SES—3512371 and
SES-9213930 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 (1990) up to five 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(S).

' 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) — y, where y is Ogaki and Atkeson’s
(1992) subsistence level estimate of non-durable consumption. We found very little effect on our empirical results
from fixed subsistence levels.
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We used three alternative measures of non-durable consumption, NDS, ND, and food. We
did not reject any of the three implications of our model at the 1 per cent level. Only a few of
our specification test statistics were significantly large at the 5 per cent level.

APPENDIX

In this Appendix we argue that the cointegrating coefficient a in the model presented in Section
2 is not constrained to be one even when the ratio of total consumption expenditure and labour
income is stationary when a consumer is rich enough. In order to see the relation between this
restriction and the curvature parameter a, let us introduce another consumption good, say
durable good D (¢), explicitly by replacing equation (2) by

1-a 1-n
u(t) = v -1 +v(I@®)+ 6 b -1 (AlD)
l-a 1-79
Then the utility function over two consumption goods is Houthakker’s (1960) addilog utility
function. Let us take the non-durable consumption as a numeraire and let
E(t)= C(t)+ P(t)D(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(n) = w(®) L. (1 - w@®) 1 (A2)
a n

where @ =C/E is the budget share for the non-durable consumption. Thus the IES for total
consumption expenditure is weighted average of the IES for non-durable consumption, 1/ a, and
the IES for durable consumption, 1/ with the weights being equal to the budget share of each
good. For the following discussion, we assume that that a = #, then the expenditure elasticity of
demand for non-durable consumption is less than or equal to that for durables. This assumption
seems reasonable. If a =7, then preferences are homothetic and the IES is 1/a. Suppose that
a > 7. Then when a consumer is poor, w is one and the IES is 1/a.?* 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 labour income and total consumption expenditure is stationary when
a consumer is rich enough implies o(t) is close to one for rich consumers. In order to see this,
assume that the relative price P(¢) is constant, then

W = 24O

= (A3)
AE(0)Ve

is satisfied for A that is approximately constant for a rich consumer, and thus In(W(¢)) - (1/
0)In(E(?)) is stationary. In order for W(¢)/E(t) to be stationary for a rich consumer so that the
ratio of labour 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 =17 and

22When a consumer is poor, fixed subsistence levels could be important for the IES as Rebelo (1992, also see Ogaki,
1992b), Atkeson and Ogaki (1991), and Ogaki and Atkeson (1992) discussed. Fixed subsistence levels are not likely

to matter for the post-war US aggregate data. Our empirical results turned out to be robust with respect to subsistence
levels as we reported above.
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o = a. Thus this restriction implies a = 1. However, if preferences over two consumption goods
are not homothetic, a can be different from one. Non-homotheticity implied by a # # also has
important implications for optimal monetary policies (see Braun, 1994).

In our empirical work, we use three alternative measures of non-durable consumption; non-
durables plus services (NDS), non-durables (ND), and food. Then durable consumption D (¢) in
our model should be interpreted as total consumption expenditure minus each measure of non-
durable consumption: durables for NDS, durables plus services for ND, and non-food
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 1/a to be the
smallest for food, and the largest for NDS. Our empirical results reported in Table I are
consistent with this view.
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