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‘She ne’er had known pomp. Though't be temporal. Yet, if that quarrel, Fortune, do divorce
if from the bearer, "tis a sufferance panging as soul and body’s severing.’

William Shakespeare, from Henry the VIII: 2.3, 13-16.

We study consumption-based asset pricing models which allow for both habit persistence and
durability of consumption goods, using quarterly consumption and asset return data for six
countries. We estimate the parameters representing habit persistence or durability, risk aversion
and time preference for cach of the countries. We find that time-nonseparable prefergnces
improve the fit of the model. When the nonseparability parameter is statistically significant, its
magnitude indicates that the effect of habit persistence dominates the effect of durability in
consumption expenditures. However, the international evidence for habit persistence is weaker
than the evidence for the United States.

1. Introduction

The consumption-based asset pricing model of Lucas (1978} and Breeden
(1979) has attracted extensive empirical study using data from the U.S. and
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abroad. The most common version of the model uses a time- and state-
separable power utility function of a nondurable consumption good. The
model has met with little empirical success. Its failures include the ‘equity
premium puzzle’ [Mehra and Prescott (1985)] and rejections of the Euler
equations [e.g. Hansen and Singleton (1982) and Hansen and Jagannathan
(1991)].

Dunn and Singleton (1986) and Eichenbaum et al. (1988), among others,
incorporated into their tests the idea that measured consumption expendi-
tures represent the purchase of durable goods, which produce a flow of
services over time. Durability introduces a form of nonseparability over time
since the flow of services depends on past consumption expenditures. Using
monthly U.S. data these studies found mixed evidence for durability.
Durability improves the fit of the model, but in some cases the relevant
durability coefficients are estimated to be of the wrong sign. Durability in
consumption goods leads to a higher volatility of expenditures relative to the
flow of services and the implied marginal utility of consumption. In the
equity premium puzzle, Mehra and Prescott (1985) found that the volatility
of the marginal utility is too low in a time-separable model. Therefore,
durability has the wrong implication for the volatility of marginal utility.

Time-nonseparable utility exhibiting habit persistence was studied theoreti-
cally in Ryder and Heal {1973), Sundaresan (1989), Constantinides (1990},
Novales {1990), and Detemple and Zapatero (1991), among others. If habit is
formed over past consumption expenditures as in Constantinides (1990), the
past expenditures enter the utility with a negative coefficient. Habit persist-
ence tends to reduce the volatility of expenditures relative to the implied
volatility of marginal utility. With habit persistence a consumer smooths
consumption more than in a time-separable model. Ferson and
Constantinides (1991) modeled both the durability of consumption expendi-
tures and habit persistence, and empirically examined the Euler restrictions
on U.S. monthly, quarterly and annual data. They showed that habit
persistence and durability combine as opposing effects. Habit persistence
tends to make the coefficients on lagged consumption expenditures negative
while durability tends to reverse their sign. Ferson and Constantinides found
that the evidence of durability in monthly U.S. data is weak, and that habit
persistence dominates durability in quarterly and annual data. Ferson and
Harvey (1992) examined a seasonal, non time-separable model and found
evidence for seasonal habit persistence in U.S. quarterly data. Winder and
Palm (1990) studied a linearized non time-separabie model and found
evidence for habit persistence in quarterly consumption data for the
Netherlands.

Using quarterly data for Canada, France, Japan, the United Kingdom, the
United States and Germany, we extend the empirical analysis of time-
nonseparability in consumption-based asset pricing models. We allow for
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both habit persistence and durability, estimating the parameters and testing
the model separately for each of the countries. We find that abandoning
time-separable preferences in favor of non time-separable preferences
improves the fit of the model, as measured by the usual goodness-of-fit
statistics. In those cases where the nonseparability parameter is statistically
significant, it is always negative. This provides evidence that the effects of
habit persistence dominate the effects of durability in consumption expendi-
tures. However, the evidence for habit persistence is weaker in many
countries than in the U.S.

In modelling a representative consumer economy with non time-separable
preferences, we suppress a number of realistic and potentially empirically
important considerations. These include transaction costs, constraints on
consumer borrowing, and the inability to hedge consumer-specific endow-
ment shocks due to incomplete markets. We suppress these aspects of the
economy in order to assess the empirical relevance of non time-separable
preferences.!

The paper is organized as follows. The model is stated in section 2, the
methodology is reviewed in section 3 and the data are described in sectton 4.
The main empirical results are presented in section 5 and section 6 concludes
the paper.

2. The model

Consider a stylized single-good economy in discrete time. Expenditures on
the good at time ¢ by a representative consumer are denoted by ¢,. The good
may be durable; specifically, the expenditures ¢, at time ¢t produce consump-
tion services d,c, at time t+7t, where 120, 0<4,<1 and the infinite
summation of the 4, equals one, The total flow of consumption services at
time ¢ is given by

=3 s (1

A representative consumer’s utility is defined over the flow of services, cf.
Habit persistence is modeled with a time-nonseparable von Neumann-
Morgenstern utility function:

'Transaction costs are examined by Cochrane and Hansen (1992), He and Modest (1991),
Heaton and Lucas (1991), Luttmer (1991) and Scheinkman and Weiss (1986). Constraints on
borrowing against future income are examined by Cochrane and Hansen (1992), He and Modest
(1991) and Zeldes (1989). Methods for testing inequality restrictions, which could potentially be
applied to liquidity constraints, are examined by Boudoukh et al. (1992). The inability to hedge
against future endowment shocks is examined by Aiyagari and Gertler (1991), Bewley (1982),
Constantinides and Duffie (1992), Imrihorogiu (1989), Lucas (1991), Mankiw (1986), Scheinkman
(1989} and Telmer (1991).
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The time-preference parameter is f. The habit parameter h, 0<h<]1,
represents the fraction of the weighted sum of lagged consumption flows
which establishes the subsistence level. The term hY 2  acl | is the subsis-
tence level. If h=0 there is no habit persistence and utility is time-separable
in consumption flows (but not in consumption expenditures, unless J is zero
also). The parameters a,, 0<a,<1, measure the persistence of lagged
consumption flows in the subsistence level. The concavity parameter 4, 4 >0,
represents the relative risk aversion coefficient (RRA) in the special case
h=0. Constantinides (1990) argues that with habit persistence (h>0) the
parameter A approximately equals the RRA coefficient.
Combining eqgs. (1) and (2), the utility function may be written as

(1-A4)~' Y pcl, (3)
t=0
where
Ct=50 Z th,,,t (4)
t=0
and

b():l, bt:(5,—hz aiérki)/éo, T;I. (5)
i=1

A special case of the model illustrates the opposing forces of habit
persistence and durability. Consider the case where depreciation of the good
is exponential and habit persistence is exponential; that is, é,=(1—0)5° and
a,=(1—a)x*"!, where both § and « are between 0 and 1. In this case

()

If there is habit persistence but goods are not durable (6=0), then eq. (6)
implies that b,= — (1 —a)ha’ ! <0, = 1. With no habit persistence (h=0) but
with durable goods, b,=6">0, t=1. When both effects are present, the
coefficient b, 1s positive or negative depending on the relative magnitude of
the durability parameter 0 and the habit persistence parameter h and a.
There are three possible cases. If 6=a+h(1 —a), the coefficient b, is positive
for all lags; if 6<h(l1—a) then b, is negative for all lags; finally, if
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h(1 —a)<d<a+h(l—a), b, is positive for recent lags and negative for distant
ones. In other words, if habit persistence dominates durability for a given lag
j (b;<0), then habit persistence must dominate durability at all greater lags
(b, <0 for all k> j).

The intertemporal Euler equation follows from eq. (3) using a standard
perturbation argument. Consider a reduction of the representative con-
sumer’s expenditures in period t from ¢, to ¢, —¢, £|<< 1, the investment of ¢ in
an asset with (stochastic) return R, ., over one period and an increase of the
consumption expenditures in period t+1 from ¢,,; to ¢,y +&eR;4,. The
consumer takes into account the effect of the changes in consumption
expenditures in periods ¢ and t+1 on the flow of consumption services and
on the subsistence level in all future periods through eq. (4). Optimality of
the consumption and investment plan requires that the expectation in period
t of the utility of the consumption flows is maximized at £¢=0, leading to the
Euler equation

Et[i ﬁ’(Cm/C,)"‘(bqum-br)—1J=0, (7)

where C, is defined by eq. (4).

In the absence of both habit persistence (h=0) and durability (6 =0), we
obtain b,=0, 7=1, and the Euler equation reduces to the time- and
state-separable model examined by Hansen and Singleton (1982):

E[Blc,+1/c) *Risy—1]=0. (8)

Ferson and Constantinides (1991) were unable to estimate more than one
nonseparable lag parameter, b,, with any precision and focused on a one-lag
model of the Euler equation. That is, they assumed b,=0 for all 7> 1. Since
consumption expenditure levels are highly correlated, it is not surprising that
it is difficult to distinguish empirically which of several lags determines the
subsistence level or to uncover a lag structure on several coefficients. This
means that it is not possible to precisely estimate the half-lives of habit
persistence and durability. Hansen and Jagannathan (1991), Eichenbaum and
Hansen (1990), Gallant et al. (1990), and Ferson and Harvey (1992) also
limited their attention to one-lag models. The one-lag model implies the
following form of the Euler equation:

C+1+bic,) 4 c,+,+bc -
E Cortbied "7 piCat b |7
I(ﬁ[{c,+blct_l} P c,+bic,. el

C,o1+bc,] 1
—b r+1 15 —1}{=0. 9
“B{c,+blc,_1} ) @



902 P.A. Braun et al., Time nonseparability in aggregate consumption

Two technical issues arise in the models with nonseparable preferences.
For the representative utility to be well-defined, the term (c,,, +b;c,) must
be positive with probability one. We cannot determine the support of the
distrtbution of consumption, but we check to see that the term is posittve for
all realizations in our sample. We find that the condition is satisfied for all of
the parameter values that we estimate.”? A second issue is that if the
marginal utility of the representative agent is not positive, then equilibrium
may not exist. To address this concern, define the scaled marginal utility as

mt=c;‘dU,/ch=E[{y,H}, (10)
where

Te+s1=[1 +b1(Cr--1/C¢)]-A+b1ﬂ(b1 +(Cr+1/cr))ﬂ4;

U, is the lifetime utility at date ¢, and E,{-} denotes the conditional
expectation at date t. We would like to establish that m, is positive for all t.
However, the marginal utility at date t depends on the conditional expected
value of a function of future consumption. Positive marginal utility does not
require that the realizations of 7y,,, are positive; only the conditional
expectation of v,,, has to be positive.

We examine some necessary conditions for positive marginal utility.?
First, the unconditional mean of the expression (10) must be positive. We
calculate the sample mean of (10), evaluated at our estimates of the
parameter values, and find it to be positive for all cases. A more stringent
analysis defines x,=[1+b,(c,-1/c)] 4, and y,,, =[b, (b, +(c;+1/c)) *], for
given values of the model parameters. Using a regression to approximate the
conditional mean, by regressing y,,, on x,, we obtain estimates of E{y,.,|
x,}=og+a;x, and E{y,,|x,} =09 +(1+a;)x,. We calculate a standard error
for the conditional mean, given x,, and use this to compute a t-statistic for
each conditional expectation in the time series of the estimates of a,+
(14 a,)x,. None of the t-statistics are significantly below zero; the smallest is
—0.57. We conclude from these exercises that there is not a problem with
negative marginal utility of the representative agent in our models, when the
models are evaluated at the parameter values that we estimate in our data.*

2.1. A seasonal, non time-separable model
Ferson and Harvey (1992) study a model which allows for seasonal

2This should not be surprising given that the term (c,,,+b,c,) is in the denominator of eq.
(9). If this term starts in a positive region the algorithm used in the estimation will not wish to
allow it to approach or pass through zero.

3We are grateful to a referee and to the editor for comments which stimulated these
experiments.

4The t-statistics do not account for the fact that the smallest value in the time series is chosen,
so they overstate the significance if evaluated in the standard fashion, which means that our
conclusion is conservative.
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durability or habit persistence. They apply the model to not seasonally
adjusted quarterly data for the U.S.,, and find the results encouraging. The
essence of the model is to assume that the subsistence level (in the case of
habit persistence) or the flow of services (in the case of durability) depends
only on consumption expenditures in the same quarter of the previous year.
The model is parsimonious in that only a single parameter is used, both to
control seasonality in the consumption data, and to model nonseparability.
The seasonal, non time-separable model implies an Euler equation which is a
simple modification of eq. (9):

¢,.1+bic,_4] 1 ¢ .s+be —4
E t+1 14¢-13 +b 4 t+5 1“t+1 R
'('B[{ c,+bic .4 i c,+byc,_y4 o

_blﬂ‘*{M}ﬁA_l):o_ (11)

¢+bic—y

3. Methodology

The model parameters {f, A,b,} are estimated and the Euler equations are
tested using Hansen’s (1982) Generalized Method of Moments (GMM). First
consider eq. (9), which defines an error term wu, for each asset i, i=1,...,N,
such that E [u;,+,,]=0, where E,[-] denotes the conditional expectation
given information at time t. With a set of L instruments, z;,, j=1,...,L,
known to the market at time ¢, we obtain E[ut+1|z,]=0 and therefore
E[u,+, ®z]=0, where u,,, is the vector of N error terms and z, is the
vector of L instruments. Given N assets and L instruments there are N x L
orthogonality conditions. The GMM estimates are based on minimizing the
quadratic form g'Wg where g is the N x L vector (1/T)) , [u,+, ® z,] and W
is the inverse of a consistent estimate of the covariance matrix of these
orthogonality conditions. Hansen (1982) discussed the formation of the
weighting matrix W and provided conditions under which the parameter
estimates are consistent and asymptotically normal and the minimized value
of the quadratic form is asymptotically chi-square under the null hypothesis.
The model is overidentified provided that the number of orthogonality
conditions, N x L, exceeds the number of parameters. The minimized quadra-
tic form provides a test-statistic for the goodness-of-fit of the model; the
number of degrees of freedom is the difference between the number of
orthogonality conditions and the number of parameters. The parameters are
{ﬁs As bl }

If we choose A=0 in the Euler eq. (9), we obtain u,,,=—(1+b,8)+
PR, (1 +b,p). If we also choose b, and § such that (1+b,8)=0 we obtain a
trivial solution to the Euler equation. Following Eichenbaum and Hansen
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(1990) and Ferson and Constantinides (1991), we divide the orthogonality
conditions by (1+b,f) when we estimate eq. (9) in order to avoid trivial
solutions.

A negative value of the concavity parameter, A, is economically implau-
sible because it implies negative risk aversion. Also, a maximum of the utility
function may not exist if the parameter A is negative. In estimating the Euler
equations we therefore restrict the domain of the parameter A to nonnegative
values.’

In the time-separable model u, is a function of the variables R,, ¢,_,, and
¢,, which are known at time ¢t. The Euler equation implies that E[u,+s|ut]=
0, s>0, and we say that u, follows an MA(0) process. The time-separable
model implies the null hypothesis,

Hy:b,=0, s5>0, with an MA(0O) error term u,.

In the one-lag model of eq. (9), where b,=0, s=2, u, is a function of R,
¢,_2, ¢,_1,¢, and ¢,, . Since ¢, 1s not in the time-t information set neither
is u,, and the model does not imply that E[u,,,|4,]=0 but implies that
E[u,+,|u,]=0, s=2; therefore, u, follows an MA(1) process. The one-lag
model therefore implies the hypothesis

H,:b,=0, s=2 with MA(1) error term u,.

The covariance matrix is adjusted to account for the moving-average terms
as described by Hansen (1982). Note that when b, is zero, the model implies
that the autocorrelation of the error becomes zero, hence the null hypo-
thesis H,,.

In the seasonal non time-separable model, the error term follows an MA(4)
process when b, is not zero. By analogy with the nonseasonal model, we
divide the orthogonality conditions by (1 +b,8*) when we estimate eq. (11) in
order to avoid trivial solutions, and we restrict the domain of the parameter
A to positive numbers.

We model the representative consumer’s decisions at fixed quarterly
intervals and measure asset returns and consumption over the same intervals.
Consumption decisions may actually be made more frequently. If decisions
are made within the observation interval and the measured consumption
expenditures are the sum of the expenditures over the interval, then the
consumption data are said to be time-aggregated. Formally modeling time-
aggregation in the nonlinear Euler equation is difficult. Theoretical results
adjusting for time-aggregation are only available in the literature, imposing a
first-order approximation on the marginal utility. With such a first-order

SWe do this by dividing the error term u,,, by (1+e*~!®4). This is permissible by the same
argument which justifies our scaling factor to avoid trivial solutions. Note that at given
parameter values, the objective function, g'Wg, is invariant to the scaling factor.
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approximation it can be shown that one effect of time-aggregation is to
increase by one the order of the MA process followed by u,.° In the
nonlinear Euler equation the results of time-aggregation are more complex.
Therefore, under time aggregation, the residuals may appear to behave like a
higher-order MA process even if the nonseparability parameter is zero. Time-
aggregation can also induce a spurious correlation between the error terms
and the information set for time ¢. Because of time-aggregation, variables in
the market’s information set at t+ which were not in the market’s information
set at t—1 may not be valid instruments for the equation E,[u,,,]=0. We
assess the sensitivity of our results to these effects by conducting experiments
in which the order of the MA process of the errors is varied and in which the
instruments for the information set at time t either admit or do not admit
the most recent lagged values of the variables.

The parameter estimates and statistical tests using GMM are justified from
asymptotic distribution theory. There is a natural concern about the
propertics of these procedures in small samples. Tauchen (1986),
Kocherlakota (1990), and Mao (1991) provided simulation evidence for the
time-separable model. Tauchen found that the test statistics perform well
with as few as 50 annual observations, although he found a slight tendency
to reject the model too infrequently. Kocherlakota and Mao, using different
parameter values, found cases where the model is rejected too often. These
studies suggest that the coefficient estimates and their asymptotic standard
errors can be unreliable in small samples.

Ferson and Foerster (1992) studied the finite-sample properties of the
GMM in a regression context with nonlinear, cross-equation restrictions.
They found that a two-stage GMM approach, as described in Hansen and
Singleton (1982), tends to reject the model too often in large systems while
an iterated GMM approach provides more accurate test statistics. We use an
iterated GMM approach in this study.” Although we report the coefficient
estimates and their asymptotic standard errors, we stress that the reliability
of these estimates cannot be assessed until simulation studies of the finite
sample properties of the GMM become available for nonseparable consump-
tion models. We therefore refrain from deriving detailed implications from
the models which depend on the point estimates of the coefficients.

SHeaton (1993) models time aggregation using monthly U.S. data and a first-order approxi-
mation of the Euler equation in this paper. See also Ermini (1992).

"We construct the weighting matrix W using the parameter estimates from the nth stage, and
use this matrix to find parameters for the stage n+1 which minimize the quadratic form. The
new parameters are used to update the weighting matrix. The iterations continue until a
minimum value of the quadratic form is obtained. In some cases, when an unconstrained
optimization using this procedure chooses negative values of the parameter 4, we use a
variation of this procedure. We perform a grid search over the parameters 4, § and b, and
evaluate W at the parameter values which produce the approximate minimum value of the
objective, subject to 4>0. We then minimize the objective function again, holding the W matrix
fixed, to obtain the final parameter estimates.
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4. The data

Our data consist of quarterly consumption expenditures and the real
returns of common stocks and short-term bonds for six countries from 1970-
1988. The countries are Canada, France, Japan, the United Kingdom, the
United States and Germany.

4.1. Stock return data

The international common stock return data are from Morgan Stanley
Capital International. Month-end indices are available from December, 1969.
These are based on common stocks from a list of 1,476 (as of December,
1989) firms. The market value of these companies equals approximately 60%;
of the aggregate market value of the stock exchanges of the 19 countries for
which the returns data are available. The selected stocks are generally those
with large market -capitalization. Investment companies and foreign-
domiciled companies are excluded to minimize double-counting.? Within
each index, the stocks are value-weighted.”

4.2. Short-term bond data

We obtained short-term bond data from the Organization for Economic
Cooperation and Development’s (OECD) Financial Statistics Monthly. We
selected 90-91 day Treasury bill returns when they were available (U.S., UK.
and Canada). When such rates were not available, other short-term rates
were substituted. The nominal returns are converted to real returns, as
described below.

4.3. Consumption data

The consumption data for all countries are from OECD’s Quarterly
National Income and Product Accounts publication. We use quarterly real per
capita consumption expenditures for the period 1970 through 1989. The data
are seasonally adjusted, with the exception of Germany and Japan, for which
the reported series exhibit strong seasonalitics. We use these data as they are
reported for the seasonal non time-separable model and we seasonally adjust
the two series for the nonseasonal model, using the following procedure. We
regress the logarithm of the consumption expenditure level on a time-trend
and dummy variables indicating the quarters. We add to the residuals the

8However, because of differences in corporate cross-holdings across countries, the relative
value weights of MSCI indices may still are biased by double counting. See French and Poterba
(1991), Harvey (1991), and Fedenia et al. (1991) for discussions.

°Further details of the construction of these indexes are found in Morgan Stanley’s ‘Capital
International Perspective’, quarterly issues, pp. 3-6.
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sample mean of the logarithm of the consumption measure, plus the
coefficient on the time-trend multiplied by the (mean-centered) time index,
and we exponentiate the sum. This procedure removes seasonal fluctuations
in the form of deterministic (percentage) quarterly shifts in expenditures,
while retaining the overall mean and trend in the original expenditure series.

Total real consumption expenditures are divided by each country’s popula-
tion to obtain the real per capita consumption series. The population
numbers are from the International Monetary Fund’s data base. The
population data are available on an annual basis, mid-year estimates. The
annual figures were interpolated geometrically to get quarterly population
numbers for each country.!®

4.4. Deflators

The nominal returns for both the short-term bonds and the common
stocks are converted to real returns using local currency consumption
deflators. Consumption deflators for all countries are from OECD’s
Quarterly National Income and Product Accounts publication. All deflators
are indexed in 1985 local currency units.

4.5. Predetermined instruments

Previous studies of consumption-based models showed that the results are
sensitive to the choice of instruments. The earliest studies [e.g. Hansen and
Singleton (1982)] concentrated on lagged consumption and returns as their
instruments. However, measurement errors and time-aggregation can result
in spurious correlations with lagged consumption and returns, and this can
bias the coefficient estimates and test statistics. Ferson and Constantinides
(1991) focused on financial variables, different from the lagged values of the
model variables, as their instruments. They argued that such instruments,
which predict both returns and consumption growth, are robust to spurious
correlation problems and should provide powerful tests of the Euler equation
restrictions. We adopt a similar strategy in this paper, and we investigate the
sensitivity of our results to the choice of instruments.

Previous studies indicate which predetermined variables are useful in
predicting international common stock and bond returns. Harvey (1991)
showed that dividend yields and short-term interest rates predict stock
returns in many countries. Solnik (1992) found economically significant
predictability by such instruments. We include both of these variables in our

'The last two years (1988,1989) were extrapolated from the 1987 series using the average
growth rates for the previous ten years.
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list.'! We also include a term spread for each country, measured as the
difference between the yield to maturity of a long-term bond and that of a
short-term bond.

In addition to these local country-specific instruments, we employ a related
set of financial instruments drawn from the U.S. market. The rationale for
doing this is that the U.S. financial data available to us may be more
accurate than financial data from the OECD and Citibase for the other
countries. Campbell and Hamao (1992), Harvey (1991) and Ferson and
Harvey (1993) found that financial instruments for the U.S. often predict
stock returns in other countries. We use a one-month Treasury bill rate as
our measure of the short-term U.S. interest rate and calculate a term spread
as the difference between a long-term U.S. government bond return and the
one-month bill. Finally, we use the dividend yield on the Standard and
Poors’ 500 stock index.

5. Empirical results

Tables with summary statistics for the basic data are available by request.
The statistics reveal some interesting patterns. The first-order autocorrela-
tions of quarterly consumption growth in Canada and the U.S. are positive,
while the autocorrelations for the other four countries are negative. Non-
separability is related to the autocorrelation in consumption. Durability of
consumption expenditures induces negative autocorrelation. For example, a
consumer purchasing an automobile in one period is unlikely to purchase
another one for several periods. Habit persistence induces positive autocorre-
lation since the consumer maximizes utility by smoothing consumption more
than would be optimal with time-separable preferences. On the one hand,
measurement error in the levels of consumption can induce spurious negative
autocorrelation in consumption growth. On the other hand, some compo-
nents of consumption expenditures are calculated by interpolation, which can
induce positive autocorrelation. Such measurement errors are troublesome in
evaluating nonseparable consumption models, and may lead to erroneous
conclusions about habit persistence and durability. As such problems are
expected to be more pronounced if the recent-lag consumption growth is
used as an instrument, we avoid using the most recent lag of consumption as
an instrument.

!The dividend yields are from Morgan Stanley Capital International. We use a three month
bill yield directly when it is available (Canada, the U.S. and the U.K.) as an instrument, and we
convert the yield into a quarterly rate of return when we use it as an asset return. For France,
we use the day loan rate against private bills as an instrument and the one month PIBOR rate
as the short term nominal return (prior to 1970:Q4 the PIBOR rate is not available so we use
the day loan rate). For Germany we use the three-month FIBOR rate for both the return and
the instrument. For Japan we use a call money rate until 1977:Q2 and the Gensaki rate after
that, both as an instrument and as the nominal return.
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We also examine the correlations across the countries of the asset returns
and the instruments. The stock and bond return correlations are generally
low, illustrating the well-known view that there are significant gains from
international diversification. Also, the correlations among the per-capita
consumption growth rates of the different countries are low. This further
motivates our examination of the distinct Euler equations of a representative
agent in each country, as it suggests that using an international represen-
tative agent’s utility of consumption may not be useful for pricing the asset
returns.

3.1. Diagnostic regressions

Expected returns and expected consumption growth rates were modeled as
linear functions of predetermined instruments in early consumption-based
asset pricing studies [e.g. Ferson (1983), Hansen and Singleton (1983)]. We
report regressions of this type to further describe the data and help interpret
the results, but our formal tests do not assume that expected returns or
consumption growth rates are linear functions of these variables. Table 1
shows time-series regressions, using the U.S. instruments to predict the future
variables. The first panel shows regressions for the stock returns, the second
pane] for the bond returns and the third panel for the consumption growth
rates. The regressors in each case are the lagged nominal stock market return
for the U.S., the U.S. one-month bill yield, lagged U.S. consumption growth,
the U.S. term spread and the dividend yield of the Standard and Poors 500.
To be conservative, all of the regressors are lagged twice in relation to the
dependent variables. The results are representative of the patterns that we
find using other choices for the lagged instrumental variables.

In the first panel of table 1 there is evidence that quarterly real stock
returns in the six countries are predictable to some extent using the lagged
instruments. The Treasury bill and dividend yield are the instruments with
the most forecast power, which is consistent with earlier work [e.g. Harvey
(1991), Solntk (1992)]. The S&P 500 dividend yield has a positive and
significant coefficient for five of the six countries. The Treasury bill rate has a
negative coefficient in all countries, but is significant only in the U.S. and
Canada.

The second panel of table 1 shows the regressions for the short-term real
bond returns. The term spread and the short-term bill rate are powerful
predictors in these regressions, although the dividend yield and the lagged
stock return also have t-ratios larger than two in some cases. The term
spread has a negative coefficient in each regression. The lagged consumption
growth also has negative coefficients in all regressions, which suggests that
relatively high real returns on short term bonds are associated with
recessions or times of recent poor economic growth. The high adjusted R-
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squares for the short-term bond returns in table 1 are remarkable. This is a
peculiarity of the 1970-1988 sample period, when interest rates were high,
volatile and highly autocorrelated in many countries. We checked these
regressions against alternative data for the U.S. over this period and found
similar results. Although the short-term bond returns are highly predictable
in the quarterly data over this period, they do not seem to contain a unit
root.!?

The bottom panel of table 1 reports regressions of the continuously-
compounded consumption growth rates on the lagged instruments. The
adjusted R-squares of the regressions are in excess of 259, for the U.S. and
Canada, but are much lower for the other countries. While we do not use
these growth rates directly in our tests of the models, the regressions provide
information about the likely power of our tests.!?

5.2. Empirical tests using own-country instruments

For each country the asset system corresponding to (9) consists of the
local value-weighted common stock index return and the short-term bond
return. Consumption is the local real, per-capita consumption. The instru-
ments are six: a constant and five own-country variables. The five variables
are the real consumption growth rate lagged twice and the nominal stock
market return, short-term bond return, term spread and dividend yield, each
lagged once. We use nominal, instead of deflated, financial instruments to
avoid the possibility of spurious corerelation introduced by deflating both
the returns and the instruments by the same deflator series.'* The errors

12We examined the U.S. three-month spot rates from CRSP as an alternative to the OECD
data. The series plots tracked each other closely. Regressing the real returns using this
alternative nominal rate series on the instruments in table 3 produced an adjusted R-square
equal to 819%. We estimated an AR(3) model for the real returns. The first-order lagged
coefficient in the model was 0.69, with a (heteroskedasticity-consistent) standard error equal to
0.12. The adjusted R-square of this model is 72.9%,.

'3The Euler equation implies that the product of a real asset return and the marginal rate of
substitution of consumption should not be predictable by lagged instruments. In the time-
separable model the marginal rate of substitution is one plus the growth rate of consumption
raised to the power —A. In the nonseparable model the marginal rate of substitution is a more
complicated function of consumption. If the instruments can predict consumption growth and
returns, the tests should have some power.

14We use consumption at lag 2 only while allowing the financial instruments to enter at lag 1
in an attempt to avoid spurious correlations while obtaining good predictive power. Spurious
correlation due to time aggregation is a problem for the consumption data, because time
aggregation implies that the same underlying ‘true’ consumption appears in the time-averaged
consumption data over two adjacent periods. Time aggregation also can induce spurious
correlation with other variables at lag one, to the extent that the underlying true contempor-
aneous consumption in the future time-averaged consumption data is correlated with the
financial variables. As this correlation is likely to be much smaller than 1.0, the spurious
correlation induced by time aggregation is likely to be less of a problem for the lagged financial
instruments than for lagged consumption expenditures.
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u,.; in the Euler equation E([u,,,]=0 are assumed to follow an MA(0)
process in the time-separable model, an MA(1) process in the nonseparable
model, and an MA(4) process in the seasonal non time-separable model.

The results are presented in table 2. The notation b, =0 means that we set
the nonseparability parameter equal to zero, thereby estimating and testing
the time-separable model. For the time-separable model the subjective
discount rate (f) is estimated precisely and is less than 1.0 in all countries.
The point estimates of the concavity parameter, subject to the restriction that
A =0, are all around one or less. The right tail p-values for the goodness-of-
fit tests are less than 5% in the UK. and Japan; they are between 5% and
109, in the U.S.; and they exceed 10% in France, Canada, and West
Germany.

In the second row of each panel of table 2 the nonseparability parameter
(b,) is estimated along with f and A4, in the nonseasonal, non time-separable
model (9). The model is not rejected by the goodness-of-fit test in any of the
six countries, the p-values exceeding 15%;. The point estimates of 4 are
plausible but the standard errors are large. The estimates of the nonsepara-
bility parameter are all negative, but significant only in the U.S. The evidence
for habit persistence in the U.S, is consistent with the results of Ferson and
Constantinides (1991).

The results for the seasonal non time-separable model are reported for
Germany and Japan in the third row of their panels in table 2. The model is
not rejected by the goodness-of-fit tests and the point estimates of the
nonseparability parameter are negative. The standard errors of the coeffi-
cients are typically much smaller than in the nonseasonal models, and the
nonseparability parameters are many standard errors away from zero. These
results are similar to the findings of Ferson and Harvey (1992) for U.S. data.

Fig. 1 illustrates the sensitivity of the model to the value of the
nonseparability parameter. The values of the objective function are illustrated
when the objective is minimized over the choice of A4 and p, for given values
of b;,. An MA(1) weighting matrix [from Hansen (1982)] is used in the
nonseasonal models and an MA(4) is used in the seasonal model. The
objective function is highly nonlinear in the parameter b,.!> Often there are
local minima both in the region of durability (b, >0) and in the region of
habit persistence (b, <0).

Ferson and Constantinides (1991) found local minima in the regions of
durability and habit persistence, using U.S. monthly, quarterly and annual
data. Heaton (1993) found evidence in U.S. data which he interpreted as
consistent with the presence of durability, which operates with a relatively
short half life, and also of habit persistence which operates with a longer half

5Recall that the objective function is a quadratic form in the Euler equation errors, which are
themselves nonlinear functions of the model parameters.
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Table 2

Test results for time separable and time nonscparable models using own-country
instrumental variables.”

Country B A b, x? p-value
United States 0.979 1.10 =(b 1679 0079
(0.011) (1.58)
0.754 3.11 —0.92 13.24  0.152
(0.240) (21.4) (0.40)
United Kingdom 0.967 0.87 =(Qb 21.82 0016
(0.007) (0.89)
0,547 6.30 —0.82 1.07 0999
(0.741) (124.5) (3.08)
France 0.962 1.07 =Q° 9.03  0.529
(0.020) (3.45)
094 1.18 —0.69 325 0954
(0.27) (52.4) (5.67)
Canada 0978 0.98 =QP 13.77  0.184
(0.012) (1.19)
0.16 12.76 —-0.93 0.01 0.999
(7.14)  (1,018.0) (5.04)
Germany 0.983 1.17 =Q° 8.36  0.594
0.017) (4.44)
0.900 2.09 —0.63 009 0999
(1.15) (198.1) (20.4)
Seasonal model® 0.990 1.08 —-0.74 754 0581
(0.021) (1.58) {0.19)
Japan® 0.970 0.35 =Q° 21.70 0017
(0.001) (0.40)
0918 3.10 —0.64 1098 0.277
(0.036) (7.39) (0.42)
Seasonal model® 0.983 0.76 —0.57 10.35  (.323
(0.007) (0.26) (0.08)

*Models with habit persistence or durability of consumption expenditures using
quarterly returns and consumption data for individual countries. The returns are
measured for 1970:Q.4-1988:Q.4 (72 observations). A is the concavity parameter, § is
the subjective discount rate and b, i1s the parameter representing habit persistence
{b,<0) or durability (b,>0). Estimation is by generalized method of moments
(GMM). The error terms are assumed to follow an MA(Q) process when the time-
separable model (b, =0) is estimated and an MA(1) process when the one-lag model is
estimated. Asymptotic standard errors are in parentheses. P-value is the probability
that a y? variate exceeds the minimized sample value of the GMM criterion function.
The asset returns are a value-weighted common stock return index and a short term
bond return for each country. Both are measured in local currency units and are
deflated by the consumption price deflator for the country. The instruments include a
constant and the consumption growth measure at lag two. The instruments also
include the local nominal stock return, the local nominal bond return, the local
dividend yield and the local term spread, all measured al lag one.

*An ‘=0 indicates that the parameter is set to zero.

°The non-seasonal model for Japan uses return data for 1970:Q4-1988:Q1 (69
observations).

“The seasonal model for Germany uses return data for 1971:Q3-1988:Q2 (68
observations).

°The seasonal model for Japan uses return data for 1971:Q3-1987:Q2 (64
observations).
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life. Constantinides (1990) suggested that habit persistence in the U.S. may
have a half-life in excess of one year. The presence of local minima may
suggest that both the effects of durability and of habit persistence are present
in the data for the other countries as well. Since our model uses only the
single lag coefficient b,, it can not discriminate between the two effects when
both are present.

Time aggregation implies that the first lagged values of the instruments, as
we used them in table 2, may not be valid instruments. Time aggregation
may also induce a higher order moving average process in the error terms.
Therefore, we modify the procedure by imposing an MA(1) process on the
error terms in the time-separable model and an MA(2) process in the
nonseasonal nonseparable model. (These results are available by request.)
Neither the time-separable nor the nonseparable model is rejected in any of
the countries. The coefficient b, is significantly negative in Japan and in the
U.S,, but is insignificantly different from zero in the other countries. The
point estimates of § and the nonseparability parameter, b,, are fairly stable
across these experiments, but the estimates of the risk aversion parameter,
and especially the standard errors of the coefficients, are not. The larger
standard errors may in this case be attributed to the higher order moving
average terms.

In a second experiment we lag all of the instruments twice (recall that in
table 2 we lagged consumption growth twice and the financial variables only
once. We use an MA(O) process on the error terms in the time-separable
model and an MA(1) process in the nonseparable model (tables of these
results are available by request). We find that none of the models are rejected
for any of the countries by the goodness-of-fit tests. The estimates of the
coefficient b, are negative in all countries but significant only for Japan.

5.3. Tests using U.S. instruments

The adjusted R-squares reported in table 1 suggest that U.S. instruments
have reasonable forecasting power for the return and consumption growth of
other countries. This motivates a replication of the experiments, replacing the
own-country instruments with the U.S. instruments. The results are reported
in table 3.

Using the U.S. instruments, the time-separable model is rejected by the
goodness-of-fit tests only in Japan, where the right-tail p-value is 0.041. The
non time-separable model is not rejected at the 59 level, the p-value for
Japan being 0.092. However, the standard errors of the nonseparability
parameter are very large in the nonseasonal, non time-separable model.!®

16Using the U.S. instruments at lag two, we find that the time-separable model is rejected by
the goodness-of-fit tests at the 5% level in the U.K. and West Germany, and at the 109 level
also in the U.S. and Japan. The nonseparable model is not rejected in any country at the 109
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The seasonal non time-separable model is not rejected, the p-values being
0.48 or higher. While the standard errors of the risk aversion parameter are
large in this model, the nonseparability parameter seems to be precisely
estimated, at —0.7 for both Germany and Japan.

While the point estimates of b, tend to be fairly stable across the
experiments, the estimates of the other parameters and the standard errors
tend to be unstable. The instability of the results across the specifications
may not be surprising, given a highly nonlinear model and fairly small
sample sizes. Such instability may be further interpreted as indicating that
the model is misspecified. The standard errors are often quite large in the
non time-separable models, indicating that there is not enough information
in these data to reliably infer the values of all parameters simultaneously.

6. Conclusions

We estimated and tested consumption-based asset pricing models which
incorporate both durability of goods and habit persistence in the preferences
of country-specific representative consumers. By postulating a representative
consumer in each country, as opposed to a global representative consumer,
we recognized the incompleteness of markets across countries, but implicitly
assumed that markets are effectively complete within each country. We
broadened the investigation of Ferson and Constantinides (1991) in U.S. data
to the representative consumers of six major countries. A series of controlled
experiments was conducted to evaluate the sensitivity of the results to
different instruments, timing conventions for the instruments and assump-
tions about the autocorrelation of the model error terms.

We found evidence in favor of habit persistence against a net effect of
durability in consumption expenditures in the U.S., and to a lesser extent for
Japan. The point estimates of the nonseparability parameter are in the
direction of habit persistence, as opposed to durability, in all of the countries
and in most of the experiments. Goodness-of-fit tests indicate improved fit
when the models allow for habit persistence. However, the parameter
estimates are imprecise and unstable across the experiments. The low power
of the tests may be partly due to the poor quality of the available data on
international consumption and returns. The instability of the results across
experiments also suggests that the model is misspecified. Future research
should attempt to incorporate more realistic considerations such as more
general utility functions, market imperfections such as liquidity constraints
and uninsurable risks.

level. The nonseparability parameter is significantly different from zero and negative in the U.S,,
Canada and Germany. Using a higher order moving average term none of the models are
rejected by the goodness-of-fit tests, and the nonseparability parameter is significantly negative
only in the US.
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Table 3

Test results using own-country financial assets and U.S. instrumental variables.

Country ) ) B A b, ¥? p-value

United States 0.975 1.02 =(° 1464 0.146
{0.010) (1.50)
0.942 0.23 —0.94 10.65 0.301
(0.032) {2.02) 0.32)

United Kingdom 0.969 1.08 =0 9.09 0523
(0.021) (2.75)
0912 1.21 —0.72 3.83 0922
(0.349) (52.1) (5.61)

France 0.959 1.01 =0 744  0.683
(0.025) (4.32)
0.964 1.08 —0.60 348 0943
(0.055) (9.93) (1.52)

Canada 0.975 091 =0 1064  0.386
(0.012) (1.28)
1.048 1.20 0.99 041 0999
(0976)  (123.1) (1,002.4)

Germany 0.976 1.19 =0 5.16 0.880
{0.016) (3.37)
0.984 1.18 —0.57 3.17 0957
(0.023) (8.43) (1.27)

Seasonal model* 1.004 1.04 —0.72 846 0488

(0.020) (1.38) {0.16)

Japan® 0970 0.65 =0 1894  0.041
{0.002) (0.44)
0.972 0.09 —0.75 1495  0.092
(0.005) (1.38) (1.70)

Seasonal model® 0.986 1.31 -0.72 717 0.558

(0.030) (1.65) (0.19)

*Models with habit persistence or durability of consumption expenditures using
quarterly returns and consumption data for individual countries. The returns are
measured for 1970:Q4-1988:Q4 (72 observations). The model and the data are the
same as in table 2, except that the instruments include a constant and the
consumption growth measure for the U.S. measured at lag two. Also included are
the U.S. nominal stock return, the U.S. l-month Treasury bill rate, the dividend
yield of the Standard and Poors 500 stock index, and the U.S. terms spread (U.S.
long term bond yield less 1 month bill rate), all measured at lag one.

®An ‘=0 indicates that the parameter is set to zero.

°The non-seasonal model for Japan uses return data for 1970:Q4-1988:Q1 (69
observations).

9The seasonal model for Germany uses return data for 1971:Q3-1988:Q2 (68
observations).

¢The seasonal model for Japan uses return data for 1971:Q3-1987.Q2 (64
observations).




P.A. Braun et al., Time nonseparability in aggregate consumption 919

References

Aiyagari, S. Rao and Mark Gertler, 1991, Asset returns with transaction costs and uninsured
risk, Journal of Monetary Economics 27, 311-331.

Bewley, Truman F., 1982, Thoughts on tests of the intertempopral asset pricing model, Working
paper (Northwestern University, Evanston, IL).

Boudoukh, Jacob, Matthew Richardson and Tom Smith, 1992, Testing inequality restrictions
implied from conditional asset pricing models, Working paper {New York University, New
York).

Breeden, Douglas T., 1979, An intertemporal asset pricing model with stochastic consumption
and investment opportunities, Journal of Financial Economics 7, 265-296.

Campbell, John Y. and Yasushi Hamao, 1992, Predictable bond and stock returns in the United
States and Japan: A study of long-term capital market integration, Journal of Finance 47,
43-69.

Cochrane, John H. and Lars P. Hansen, 1992, Asset pricing explorations for macroeconomics,
in: Olivier J. Blanchard and Stanley Fischer, eds, NBER macroeconomics annual 1992
(MIT, Cambridge, MA) 115-165.

Constantinides, George M., 1990, Habit formation: A resolution of the equily premium puzzie,
Journal of Political Economy 98, 519-543.

Constantinides, George M. and Darrell Duffie, 1992, Asset pricing with heterogeneous con-
sumers, Working paper (University of Chicago, Chicago, 1L, and Stanford University,
Stanford, CA).

Detemple, Jerome B. and Fernando Zapatero, 1991, Asset prices in an exchange economy with
habit formation, Econometrica 59, 1633-1657.

Dunn, Kenneth, B. and Kenneth J. Singleton, 1986, Modelling the term structure of interest
rates under non-separable utility and durability of goods, Journal of Financial Economics 17,
27-55.

Eichenbaum, Martin S. and Lars P. Hansen, 1990, Estimating models with intertemporal
substitution using aggregate time series data, Journal of Business and Economic Statistics, 8,
53-69.

Eichenbaum, Martin S., Lars P. Hansen and Kenneth J. Singleton, 1988, A time series analysis
of representative agent models of consumption and leisure choices under uncertainty,
Quarterly Journal of Economics 103, 51-78.

Ermini, Luigi, 1992, On the durability of non-durable goods: Some evidence from U.S. time
series data, Economics Letters 39, no. 2, 135-142.

Fedenia, Mark, James E. Hodder and Alexander Triantis, 1991, Cross-holdings and market
return measures, Working paper (University of Wisconsin, Madison, WI).

Ferson, Wayne E. 1983, Expectations of real interest rates and aggregate consumption:
Empirical tests, Journal of Financial and Quantitative Analysis 18, 477—-498.

Ferson, Wayne E. and George M. Constantinides, 1991, Habit persistence and durability in
aggregate consumption: Empirical tests, Journal of Financial Economics 29, 199-240.

Ferson, Wayne E. and Stephen R. Foerster, 1992, Finite sample properties of methods of
moments in latent variable tests of asset pricing models, Working paper (University of
Chicago, Chicago, IL and the University of Western Ontario, London, Ont,),

Ferson, Wayne E. and Campbell R. Harvey, 1992, Seasonality and consumption-based asset
pricing, Journal of Finance 47, 511-552.

Ferson, Wayne E. and Campbell R. Harvey, 1993, The risk and predictability of international
equity returns, Review of Financial Studies, forthcoming.

French, Kenneth R. and James Porerba, 1991, Were Japanese stock prices too high? Journal of
Financial Economics 29, 337-364.

Gallant, A. Ronald, Lars P. Hansen and George Tauchen, 1990, Using conditional moments of
asset payoffs to infer the volatility of intertemporal marginal rates of substitution, Journal of
Econometrics 45, 141-179.

Hansen, Lars P., 1982, Large sample properties of generalized method of moments estimators,
Econometrica 50, 1029-1054,

Hansen, Lars P. and Ravi Jagannathan, 1991, Implications of security market data for models of
dynamic economies, Journal of Political Economy 99, 225-262.



920 P.A. Braun et al., Time nonseparability in aggregate consumption

Hansen, Lars P. and Kenneth J. Singleton, 1982, Generalized instrumental variables estimation
of nonlinear rational expectations models, Econometrica 50, 1269-1286.

Hansen, Lars P. and Kenneth J. Singleton, 1983, Stochastic consumption, risk aversion, and the
temporal behavior of asset returns, Journal of Political Economy 91, 249--265.

Harvey, Campbell, R., 1991, The world price of covariance risk, Journal of Finance 46, 111-157.

He, Hua and David M. Modest, 1991, Market frictions and consumption-based asset pricing,
Working paper (University of California, Berkeley, CA).

Heaton, John, 1993, The interaction between time-nonseparable preferences and time aggrega-
tion, Econometrica 61, 353-385.

Heaton, John and Deborah Lucas 1991, Asset pricing with uninsurable risks and trading costs,
Working paper (MIT, Cambridge, MA).

Imrihoroglu, Ayse, 1989, Cosis of business cycles with indivisibilities and liquidity constraints,
Journal of Political Economy 97, 13641383,

Kocherlakota, Narayana, 1990, On tests of representative consumer asset pricing models,
Journal of Monetary Economics 26, 285-304.

Lucas, Deborah J., 1991, Asset pricing with undiversifiable income risk and short sale
constraints: Deepening the equity premium puzzle, Working paper (Northwestern University,
Evanston, IL).

Lucas, Robert E. Jr., 1978, Asset prices in an exchange economy, Econometrica 46, 14291445,

Luttmer, Erzo, 1991, Asset pricing in economies with frictions, Working paper (University of
Chicago, Chicago, IL).

Mankiw, N. Gregory, 1986, The equity premium and the concentration of aggregate shocks,
Journal of Financial Economics 17, 211-219.

Marcet, Albert and Kenneth J. Singleton, 1991, Optimal consumption-savings decisions and
equilibrium asset prices in a model with heterogeneous consumers subject to portfolio
constraints, Working paper (Carnegie-Mellon University Pittsburgh, PA, and Stanford
University, Stanford, CA).

Mao, Ching-sheng, 1991, Hypothesis testing and finite sample properties of generalized method
of moments estimators: A Monte Carlo study, Working paper (Federal Reserve Bank of
Richmond, Richmond, VA).

Mehra, R. and Edward C. Prescott, 1985, The equity premiunm: A puzzle, Journal of Monetary
Economics 15, 145-161.

Mehrling, Perry, 1990, Heterogeneity, incomplete markets and the equity premium, Working
paper (Barnard College and Columbia University, New York).

Novales, Alfonso, 1990, Solving nonlinear rational expectations models: A stochastic equilibrium
model of interest rates, Econometrica 58, 93-111.

Ryder, Harl E., Jr. and Geoffrcy M. Heal, 1973, Optimal growth with intertemporally dependent
preferences, Review of Economic Studies 40, 1-31.

Scheinkman, José A., 1989, Market incompleteness and the equilibrium valuation of assets, in:
Sudipto Bhattacharya and George Constantinides, eds., Theory of Valuation (Rowman and
Littlefield, Totowa, NIJ).

Scheinkman, José A. and Laurence Weiss, 1986, Borrowing constraints and aggregate economic
activity, Econometrica 54, 23-45.

Solnik, Bruno, 1992, The unconditional performance of international asset allocation strategies
using conditioning information, Working paper (HEC School of Business, Zurich).

Sundaresan, Suresh M., 1989, Intertemporally dependent preferences and the volatility of
consumption and wealth, Review of Financial Studies 2, 73-89.

Tauchen, George, 1986, Statistical properties of generalized method-of-moments estimators of
structural parameters obtained from financial market data, Journal of Business and
Economic Statistics 4, 397-425.

Telmer, Chris 1., 1991, Asset pricing puzzles in incomplete markets, Working paper (Queen’s
University, Kingston, Ont.).

Weil, Philippe, 1992, Equilibrium asset prices with undiversifiable labor income risk, Working
paper (Harvard University, Cambridge, MA).

Winder, Carlo A. and Franz C. Palm, 1990, Stochastic implications of the life cycle consumption
model under rational habit formation, Working paper (University of Limburg, Maastricht).
Zeldes, Stephen P., 1989, Consumption and liquidity constraints: An empirical analysis, Journal

of Political Economy 97, 305-346.



