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Abstract

This paper deals with the estimation of the Euler Equation when durable consumption is taken into account. If
durables are not separable in utility from non-durables, estimating the Euler Equation without conditioning on
them leads to incorrect inference. I use microdata on non-durable and durable consumption from a US rotating
panel, the Consumer Expenditure Survey (CEX). I concentrate on cars (new and used). Apart from housing, they
represent the largest share of durable expenditure in the sample. I find an estimate of the intertemporal rate of
substitution which is higher than in the case where durable goods are not conditioned on, while the evidence on
the excess sensitivity is more mixed.
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1 Introduction

A number of explanations have been suggested for the empirical failure of
the life-cycle/permanent income hypothesis (LC/PI) through the testing of
the Euler Equation for non-durable consumption (for a recent survey see
Browning and Lusardi [10]).

In this paper I suggest that omitting durable goods from the set of
`regressors' in the Euler Equation leads to biased estimates of the parameters
of interest. Thus, this work belongs to the set of contributions which consider
the misspeci�cation of preferences as a possible source of bias in the estimate
of the Euler Equation.

Since the work of Mankiw [20], the literature has tried to assess the
ability of the LC/PI model to generate the observed patterns of durable
goods expenditure. Despite the wide interest that the durability issue has
encountered among researchers, very little attention has been paid to inves-
tigate the role of durability for the dynamic properties of the non-durable
consumption in itself. One noticeable exception is the article by Bernanke
[7], who models the joint behvior of non-durable and durable expenditures
using U.S. aggregate data and �nds the non-separability between durable
and non-durable goods to be unimportant.

There are several grounds on which the omission of the durable goods
might endanger the empirical evaluation of the LC/PI model. First of
all, if the durable goods are non-separable in utility from the non-durable
goods, not conditioning on them would lead to biased inference. They bring
an element of intertemporal non-separability into the individual problem.
The presence of intertemporal non-separabilities makes the inference on the
model much harder. This is so because individuals try to smooth a weighted
average of past and present consumption. A increase of the consumption
today depresses the marginal utility of consumption tomorrow, which makes
the change in consumption to display a negative serial correlation. If the
changes in income are negatively correlate (for instance, if they follow an
MA(1) with negative coeÆcient) credit constraints are observationally equiv-
alent to durability.

Moreover, while non-durable consumption is equivalent to the 
ow of
services individuals enjoy, this is not the case for durable goods. This dis-
tinction is not vacuous since the theory delivers predictions in terms of
what individuals enjoy. That means that individuals can still smooth over
the 
ow of services from a durable good when they are liquidity constrained
(see Browning and Crossley [9]). For instance, if they receive a negative
shocks they may delay the date at which the old durable good is replaced.
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Last, since stock of durable goods, such as cars, might exhibit an hump-
shaped life-cycle pro�le, they can account for the concavity of the non-
durable life-cycle pro�le observed in the micro data. They can play a role
complementary or substitute for that of the demographics.

The main goal of this work is to see if the available results on the es-
timation of Euler Equation for non-durable consumption are robust to the
omission of the durable goods. The key parameters I look at are those gov-
erning the intertemporal substitution of non-durable consumption, the non-
separability of non-durable versus durable goods and the excess sensitivity
parameter. I perform a conditional exercise that is robust to the determi-
nants of the intratemporal choice over non-durable and durable goods. In
other words, the validity of my results does not depend on the particular
nature of the cost of adjusting the stock of durable goods. The omitted
variable argument introduced above is e�ectively independent of whether or
not the feasibility set the individuals face is convex.

Mainly due to a problem of data availability, the main diÆculty being
how to measure the stock of durable goods, there are not many studies
using durable goods in an Euler Equation framework.1 A subset of them
tackles the issue of the estimation using microdata . The aggregation is-
sues relevant to non-durable consumption, that the presence of non-convex
adjustment cost can exacerbate even further, suggests me to use a sample
of microdata. The data are from a representative American survey, the
Consume Expenditure Survey.

Cars are the durable good I concentrate on. They represent the most
important component of the durable expenditure in the US data, apart from
housing.

The paper is organized as follows. In Section 2 an estimable model is
derived and identi�cation is discussed. Section 3 describes the data and the
procedure used to compute the value of the stock of cars, while Section 4
discusses the estimation and the results. The last section concludes.

2 What Can Be and What Cannot Be Identi�ed

From the Euler Equation

The question I want to address here is whether omitting durable goods from
an Euler Equation for non-durable consumption matters. To do this, I esti-
mate an Euler Equation augmented for the presence of the stock of durable

1See, for example, Alessie et al. [1], Bernanke [6], [7] and Hayashi [17], Lam [19].
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goods. In this section I derive the �rst-order condition to be exploited in the
estimation and I explain what parameters I can recover from the estimation
of such equation.

The model used here has a conditional nature in that no attention is paid
to the mechanism governing the intratemporal allocation between durable
and non-durable goods. The argument I make is similar to the one used by
Browning and Meghir [11] to address the non-separability of consumption
from labor choices.

In principle both the neoclassical and a non-convex adjustment cost
model could be integrated in this approach using a 
exible enough stochastic
speci�cation. In the model exposition, I assume that the households feasi-
bility set is convex. Simple algebra shows that the Euler Equation holds in
the same form in presence of non-convexities relevant.

In deriving the Euler Equation I follow the non-conventional approach
taken by Attanasio and Browning [5]. Instead of specifying an utility func-
tion, they model the log of the indirect marginal utility of the consumer's
expenditure. The main advantage of following this approach in the present
context is to avoid the need of imposing any restriction on the parameters
to guarantee that the marginal utility has the usual properties.

First, I specify the within period indirect utility which take the following
form:

V (p; x; z) = v

�
x

� (p; z)
; z

�
+  (p; z) (1)

where p is the price vector, x is the total outlay, �(p; z) is a price index which
depends of a set of conditioning variable z. This paper comes to the role of
durable goods including the stock of vehicles in the set of the conditioning
variables. Finally,  is homogeneous of degree zero in p.

Next, I turn to the identi�cation of the intertemporal rate of substitu-
tion. As shown by Browning [8] in a multi-goods model, the intertemporal
elasticity of substitution is de�ned as

� (p; z; x) =
Vx

xVxx
=

vc

cvcc
(2)

where c = x
�(p;z) . The Euler Equation for this problem is:

Et[��t+1(1 +Rt+1)] = �t (3)

where �t is the marginal utility of wealth, � is the economy-wide discount
rate and Rt+1 is the nominal interest rate. It holds in the usual form,
independently of the intratemporal allocation condition. This is so because
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the Euler Equation is a condition that relates to the ability of the consumer
to smooth utility and, ultimately, wealth over time and states of nature. A
more general problem is which aspects of preferences and, in the present
notation, which aspects of the function V (:) can be recovered and which
cannot from the estimation of the Euler Equation. In particular, Euler
Equations allow me to identify a subset of the preference parameters set. To
identify the full set of parameters, I need also the within-period marginal
rate of substitution. Thus, in this exercise the stock of durable goods is
treated as a conditioning good. This makes the estimates presented here
to share a partial information nature. For reasons that will be clear below,
instruments provide identi�cation.

To estimate equation (3) I need to observe �t. To make �t observable I
di�erentiate the Lagrangean associated with the consumer's problem with
respect to c, thus obtaining the envelope condition which allows us to rewrite
(3) as:

vct+1(1 +Rt+1)
� (pt; zt)

� (pt+1; zt+1)
� = vct"t+1 (4)

where Et["t+1] = 1. Now, I assume that:

lnvct (ct; zt) =
1

�
(� ln ct + �qt + 
kt) (5)

where the vector of shifters z is partitioned in two parts: a vector of pure
taste shifters and k, which is the stock of vehicles. The choice of this speci-
�cation deserves some comments. First, this speci�cation makes the model
linear in the parameters of interest after log-linearizing. Second, this pref-
erence speci�cation consistently aggregates over consumers. Attanasio and
Weber [2] show that the bias arising from inconsistent aggregation can be
dramatic. Third, the methodology used to construct the stock of vehicles
requires it to enter linearly the estimating equation. This is so because the
stock of vehicles is computed at cohort level as an average. Fourth, with
this speci�cation the marginal utility of not owning cars is �nite.2

According to (5), the taste shifters act as state variable for the household
problem. These variables shift the utility the households enjoy from a given
consumption bundle. Consequently, they are treated as conditioning vari-
able in the estimation. Notice that the possible endogeneity of fertility and
labor supply decisions is not theoretically addressed. However, appropriate
instrumenting `solve' the question from an empirical point of view. Using

2The log of the marginal utility of non-durable consumption is a linear function of the
stock of durable goods.
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the above speci�cation , the envelope condition and after log-linearizing ,
(3) can be written as:

Et

�
�ln ct+1 � const� �0�qt+1 � �Rt+1 � 
0�kt+1

�
= 0 (6)

where in general the constant term depends on the moments of order higher
than one of the distribution of the growth rate of non-durable consumption
conditional on the interest rate and absorbs the discount rate, while the
expected value is taken with respect to the information available at time
t. Thus, I omit from the estimating equation the variance of the growth
rate of the consumption. While I am very well aware of the fact that the
omission of this term can generate an omitted variable bias akin to that
considered here and I believe that the precautionary motive for saving could
be a potential important explanation of the observed pattern of non-durable
consumption (see Carroll [13]), I would argue that whether or not this omis-
sion is `relevant' is an empirical question which can be handled testing the
speci�cation of the model3. I would emphasize that the only condition I
need to consistently estimate the Euler Equation is that the chosen instru-
ments are orthogonal to the residuals of the model. Equation (6) provides
the orthogonality condition used in the estimation.

From the model above, it is apparent that the household is assumed
to enjoy the consumption of a homogeneous non-durable good. This is far
from being correct if some goods entering the de�nition of the aggregate are
luxuries and some other necessities because luxuries and necessities display
di�erent elasticities to permanent income. However, I have chosen not to
address the issues directly related to the bias coming from aggregation over
non-durable gods. This choice can be justi�ed, at least in part, on the
ground of the results in Attanasio and Weber [3]. They estimate two sets of
equations: one which uses the parameter estimated in a previous stage from
a full demand system, the other where a Stone Price index is used. They do
not �nd evidence that the coeÆcient of the interest rate coeÆcient is biased
if a Stone Price index is used instead of estimating a full demand system.

It is worth noticing that the model turns out to be a two goods model:
non-durable vs durable goods (cars). The two step budgeting idea proposed
by Browning [12] operates: in a �rst step consumers decide how much re-
sources to devote to the consumption `today' and `tomorrow', in a second
step they decide how they allocate their consumption within each period.

The exercise performed here can be regarded as concentrating on the

3A related issue is what test I can possibly device to detect the presence of the precau-
tionary motive.
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�rst step only. The question of what is lost when doing this is empirical.4

Given that only the intertemporal allocation condition for non-durable con-
sumption is used in estimation, the present approach can be viewed as a
partial information approach. EÆciency could be enhanced using both the
intratemporal and intertemporal conditions,5 consistency is not in general
an issue.6

3 The Data

The sample of the data is drawn from the Consumer Expenditure (CEX)
Survey ran by the U.S. Bureau of labor Statistics (BLS). The CEX provides
a unique opportunity for the exercise proposed here. It gives very detailed
information about the model, the brand, the vintage and a rich set of char-
acteristic to evaluate the stock of cars present in each household at each
instant in time.

The CEX is not a full panel: households are interviewed for four consec-
utive quarters and then replaced. For a full description of the CEX, I refer
to Attanasio and Weber [3].

The CEX data used in the present work come from the expenditure
�les (containing information on non-durable and durable expenditure), from
the family �les (containing demographics) and from owned vehicle Part B
(detailed questions) and Part C (disposal) �les. These last two �les provide
information on the stock and on the disposal of vehicles respectively and
have been run since 1984.

Even if data on expenditure and demographics are available since 1980
(since that date the (BLS) has been running the Survey on a continuous
basis), considerations about the quality of the data suggest discarding the
�rst two years of the Survey. The latest interviews included were carried

4In general, from a demand system with non-durable goods the full system of pref-
erences can be identi�ed up to a monotonic transformation which is identi�ed by the
intertemporal condition.

5Conditioning on the relative prices to control for the intratemporal piece of information
does not seem viable as long as households with no cars are observed.

Alternatively, I could stratify the sample by car ownership and then allow for a correction
mechanism.

6The argument does not go through smoothly when households are liquidity con-
strained and durable goods can be used as a collateral. In this case the Euler Equation
has a di�erent form and the possibility of using the durable goods as a collateral make
the intertemporal allocation condition not independent of the intratemporal allocation
condition. However, this dependence goes through the stock of vehicles at time t that is
given when conditioning on information available at that time.
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out in the 1st quarter 1996.
The CEX is run by the BLS to construct the Consumer Price Index

(CPI). This ensures the representativeness of the sample and the consistency
of the expenditure categories with the corresponding price data.

I select out non-urban households, households residing in a student hous-
ing, households with incomplete income response, those aged more than 73
and less that 21. Overall, I am left with 217056 interviews .

Given that I cannot follow the same household for more than four quar-
ters, I stratify the sample in 13 cohorts, by year of birth. Each cohort, but
cohort 1, 12 and 13, covers an interval of 5 years of birth. The �rst cohort
group those individuals born in 1909, the second those born between 1910
and 1914, the eleventh those born between 1955 and 1959. Table 1 reports
report the cohort de�nition.

3.1 Expenditure, Demographics and Macro-Data

The main results refer to a basic measure of non-durable consumption. The
inclusion of the so-called semi-durable and of small durable goods does not
seem to a�ect consistently the pattern of the results. Non-durable consump-
tion includes expenditure on food (de�ned as the sum of food at home, food
away from home, alcohol and tobacco) and expenditure on other non-durable
goods and services, such as heating fuel, public and private transport and
personal care. Semi-durable consumption includes expenditure on clothing
(de�ned as the sum of men, women, boy and girl clothing) and footwear,
while small durable goods include computers, toys, pets, and household ap-
pliances. I leave out housing, health and personal education expenditure.

The expenditure data consists of monthly �gures and refer to the three
months before the interview. To construct quarterly data, at least two
possibilities can be explored. Either I can average monthly data or I can pick
one month of data. This second possibility is taken due to time aggregation
considerations (if the expenditure variables are measured with a white error
time averaging makes them to contain a MA(2) error). To simplify further
the error structure only the �rst month preceding the interview is retained.

To keep the speci�cation parsimonious few demographic and labor sup-
ply variables are considered to control for heterogeneity. I control for family
size, the potential non-separability between consumption and leisure and for
female labor market participation.

Three measures of income are considered: the wage and salary income
received by family members in the 12 months preceding the interview, total
family income before taxes, total family income after taxes.
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The interest rate is the return on Municipal Bonds, that is tax-exempt,
thus avoiding the need to compute the marginal tax rate. The Economic

Report of President 1996 reports an average of A graded bonds as computed
by S&P. The CPI's published monthly by BLS are the price data used to
compute the real counterpart of the expenditure variable considered here.
Such indices are region-speci�c which adds cross-sectional variability. As
stressed above these price indices match exactly the expenditure categories
considered. For data consistency, the CPI's version before the recent revi-
sion is the one I used. With the CPI's on hand, household-speci�c price
indices data are computed as weighted geometric average, using as a weight
the budget share of each expenditure category (i.e. a Stone Price Index
is computed). I do not estimate a demand system due to the conditional
nature of the model.

In Figures 1 and 2 the log of non-durable consumption and the log of
the family income after taxes are plotted against the age of the head of
the household. Non-durable consumption is computed as the sum of all
the expenditure categories. The pro�le of both consumption and income is
hump-shaped. This called for a rejection of the LC-PI model in its simplest
version (see Carroll and Summers [14]).

In Figure 3 the family size against age is plotted. The pro�le of the
family size is hump-shaped, too. This could take account for the shape of
the non-durable consumption, as pointed out by Attanasio and Weber [3].
My guess is that the concavity of the non-durable consumption pro�le could
also be related to the fact that household seem to accumulate durable goods
at the earlier stage of their life and later to decumulate (see Figure 4)

3.2 Vehicle Expenditure and the Stock of Vehicles

In what follows the term vehicles and cars will be used as synonymous, even
if the CEX de�nition of vehicles is broader.7 The CEX allows to distinguish
between expenditure for new and used vehicles. This distinction is not minor
given that new and used vehicles are expected to have di�erent depreciation
patterns. Accordingly, two trade-in allowance variables are de�ned: for new
and used vehicles. Moreover, information on the amount received by the
household for sold vehicles and the amount reimbursed to the household for
vehicle damage or theft are recorded.

In sum, three de�nitions of vehicle net expenditure apply. The �rst
is total vehicle expenditure, given by the expenditure for new vehicle plus

7In the de�nition used here, motorbikes, boats and airplanes are not included.
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expenditure for used vehicles minus the trade-in allowance for new vehicles
minus the trade-in allowance for used vehicles minus the amount of vehicles
that have been sold or reimbursed. The other two de�nitions distinguish
between new and used total vehicle expenditure.

Quarterly stock of vehicles is computed iterating the cohort average ver-
sion of the following:

kt+1 = (1� Æ)kt + it+1 (7)

As initial condition I use the cohort average of the stock of cars data at
household level drawn from the Attanasio's study on Ss rules [4]. These
values are reported in Table 2 below.

The methodology used is similar to that in Davies, Devereux and Weber
[15] with UK data: the di�erence is that they compute the value of stock of
vehicles from a data source (The National Travel Survey for the type and age
of car owned and The Glass's Guide for the price of car) and, then, impute
it to the households in Family Expenditure Survey using a reduced form
equation that relates households characteristics to the car value.8 Before
going into the details of how I compute the value of the stock of vehicles, it is
worth mentioning some of the aspects of the procedure adopted by Attanasio
[4]. In that paper he uses data from the owned vehicles Part B and Part C
�les are used (then the �rst year of available data is 1984). These �les record
very detailed information on the vehicles owned by each household (type of
vehicle, vehicle year, vehicle make model and other information aiming to
correctly price the vehicle). When the price of the vehicle is not available,
the data from the Kelly Blue Books are used. These books provide a wide
range of prices on used vehicles and allow to evaluate the stock of vehicles
at a given date in a reasonably precise way.

In the present framework, I could follow two routes to compute the quar-
terly stock of vehicles. Either the above formula is iterated at a monthly
basis and then the quarterly stock is computed; or the quarterly expenditure
is computed �rst and then the formula is iterated quarterly. To minimize
the number of iterations,9 the second route is chosen.10 The stock of ve-
hicles is computed in real terms along the lines described in the previous
section. Given that the starting year is 1984, equation (7) is iterated back
and forward.

8Indeed, the main similarity is the use of the perpetual inventory method.
9Potentially, an error is associated with each iteration. In fact, if households system-

atically underreport their disposal of vehicles, the procedure tends to underestimate the
stock when integrating back and overestimate when integrating forward.

10Estimation results with the stock of vehicles computed as in the �rst approach do not
di�er in a substantial way.
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The missing piece of information I need to implement the above proce-
dure is the depreciation rate. The depreciation has both a physical and an
economic nature. In principle, it could be estimated from the price data11.
Given that the main purpose of the exercise is not to model the depreciation
patterns of the cars, I assume the stock of cars to depreciate geometrically.
Some of the available evidence suggests that this is not a bad approxima-
tion (Hall [16]). Thus, I construct my measure of the stock of cars under
various assumptions on the depreciation rate. Two set of experiments are
performed. In the �rst set (rows numbered from 1 to 4 in Table 3) the
depreciation rate is assumed to be the same for new and used cars. In the
second (rows numbered from 5 to 10) I set three di�erent depreciation rates:
one for new cars, one for used cars and one for the starting value of the
stock of cars. The full description of the experiments is provided in Table
3. The depreciation rate in the row numbered as 3 is roughly equal to that
estimated for motor vehicles by the Bureau of Economic Analysis (BEA).

It is not easy to assess the quality of this procedure12. One way to do it is
to compare the stock of cars so obtained with that obtained from Attanasio
[4]. That amounts to compare the value of end-of-period stock of cars. From
this, it seems that the values obtained here are reasonably close to the value
obtained from the Attanasio's [4] data.

In Figure 5 the stock of cars is plotted against time for each cohort. The
�rst four graphs from the left correspond to the experiments numbered from
1 to 4. The rest of the �gure refers to experiment from 5 to 10. In these
last, which allow for di�erent depreciation pattern for new and used cars,
the stock of cars i increases for young cohorts and then becomes 
at when
cohorts age.

4 Estimation

Synthetic panel techniques are used because the data come in form of time-
series of cross-section. I just assume that the condition13 under which the

11However, the estimation of the depreciation rate from the price data is not trivial.
Endogeneity caveats apply since the choice of a given car and its depreciation rate are
potentially simultaneous.

12I have compared the growth rate of the stock of cars obtained from my calculations
with a measure of the aggregate obtained the data on autos published by the BEA.
Averaging over all the experiments I performed I obtain a growth rate roughly comparable
to that of the BEA, the roughly quali�er applying because the aggregate data are in per-
capita form while my data are in per-household form.

13The debate on the virtue and limitations of using grouped data is huge: the issue 59
of the Journal of Econometrics surveys it.
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synthetic panel approach is valid are satis�ed. More precisely, the grouping
criteria is assumed to be exogenous and the individual information set to
smoothly aggregate up its cohort analogous (about this last problem, see
Pischke [21]). Given that the main goal of the work is to obtain a model
that is comparable to those already existing in the literature using the same
data, this does not seem to be a dramatic simpli�cation .

In the estimation, I exclude the �rst, the second, the third, the last two
cohorts. This should prevents my estimates from being contaminated by
extreme outliers. The sample restrictions (t = 1982 : 1; :::; 1996 : 1 and
c = 4; :::; 11 where t and c are the quarter and cohort indices respectively)
make the synthetic panel to be balanced. This simpli�es the construction
of the estimator. I end up with T = 56 (quarterly data are used) and
C = 8. The cell-size is not constant over time and over cohorts. No cell-
size correction is allowed for. This is not going to bias the estimates if the
number of households for each cell is large. The stochastic structure comes
mainly from the rational expectation hypothesis (REH). The theory delivers
restrictions on the dynamic properties of the Euler Equation residuals which
turn to be the expectation errors. These have to be orthogonal to the past
information. Formally,

E(�tj=t�1) = 0 (8)

where �t is the residual of the Euler equation at time t and =t�1 is the
set of past information. In panel or pseudo-panel data, the sample analog
of (8) could be either the cross-sectional or the time series mean. Notice,
however, that there are no theoretical reasons to exclude that expectation
errors are correlated across households. This is indeed the case when market
are incomplete. So, consistency relies on the availability of a long panel.14

Regarding the grouped variables as variables measured with error adds
an other component to the model. This last makes the Euler Equation
residual follow an MA(1) process.15

All variables are treated as endogenous in the estimation.16 The stochas-
tic structure described above leads to choice of lagged 2 and more instru-
ments, which are assumed to be orthogonal to the constant term in the
Euler Equation. The literature I refer to does this assumption. Its violation

14It is worth stressing that under market incompleteness the Euler Equation cannot be
estimated in the cross-section. This is the so-called Chamberlain critique. Even in the
case I can estimate the Euler Equation with a cross-section, there is no guarantee that
the interest rate is enough variable to identify the main parameter of interest.

15The variables in levels contains a white error.
16It has been pointed out that at quarterly level family size variable are not endogenous.

Treating them as exogenous do not change the results.
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invalidates the instruments in that the constant term absorbs the higher
moments of the joint distribution of the growth rate of consumption and
interest rate.

The matrix of instruments for each cohort is stacked. Alternatively, I
could have chosen a set of instrument di�erent for each cohort. Given that
households can be interviewed more than once, if �xed e�ects matter, some
care has to be paid to the construction of the instrument matrix to ensure
consistency (see Attanasio and Weber [3]). Therefore, I form instruments
lagged by two periods using only individuals at their �fth interview, those
lagged by three using both individuals at their �fth and at their forth in-
terview while those lagged by four exclude only individuals at their second
interview.

The model is, then, estimated using a GMM technique. The construc-
tion of the weighting matrix re
ects the presence of MA(1) residuals and
the fact that I allow for these residuals to be contemporaneously corre-
lated among cohorts. The Hayashi and Sims [18] estimator is used. It �rst
(forward-)�lters out from the model the serial dependence and, then, al-
lows for heteroskedasticity of an unknown form. Under the REH, backward
�ltering would lead to inconsistent estimates.

In order to control for the e�ect of demographics which tend to concav-
ify the life-cycle consumption pro�le, I include the growth rate of family
size. Moreover, the non-separability with the female labor supply decision
is addressed conditioning on a variable measuring the number of earners in
each households. Experimenting with a dummy for the working wife does
not deliver di�erent results. Potentially the number of earners is a better
measure to deal with non-separability between labor supply and consump-
tion decision when the consumption unit does not simply include the head
of the households and his spouse.

I report here the results using as income variable wage and earnings per-
ceived by the family members in the 12 months before the interview. While
the point estimates of the interest rate and the stock of cars coeÆcients do
not sensibly change with the income measure used, in few cases the evidence
on the overidentifying restrictions reject the null.

For the sake of comparability, a standard Euler Equation is estimated
without including the stock of cars variables: this is called the baseline model
(Table 4). The estimated coeÆcients are reasonably comparable with those
found in the previous exercise using these data. The Sargan test does not
reject the overidentifying restrictions.

In the second column of Table 4, the previous speci�cation is augmented
by the growth rate of income, as de�ned above. This is a standard excess
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sensitivity test: under the null individuals should not react to forecastable
income innovations. In a regression context, this asks for the coeÆcient on
the growth rate of income to be zero. Two things should be noticed: the
coeÆcient on the growth rate of income is virtually zero and the Sargan test
does not reject the null at the standard level. In the other two columns of
Table 4 I report the same speci�cations than before estimated using OLS.
Comparing these estimates with those obtained using GMM gives an in-
formal check of the quality of the instruments. According to the picture
displayed in this Table, there is no evidence of excess sensitivity.

Next, I turn to the estimation of the baseline speci�cation augmented by
the growth rate of the stock of cars. Moreover, I check if the inclusion of the
stock of cars variable makes the excess sensitivity test to deliver a di�erent
answer. I report four set of results relating to four di�erent experiment on
the depreciation rate. The same pattern is found in the full set of results.
Each table (Table 5-Table 8) report at the top the depreciation rate used
to compute the stock of cars. The �rst two columns report coeÆcients
estimated using GMM, while the last two columns those estimated using
OLS.

The speci�cation chosen seems to work well. The Sargan test does not
reject the overidentifying restrictions and the OLS estimate are not close to
their GMM homologue. The interest rate coeÆcient is sensibly higher than
in the baseline case. This generates a much steeper non-durable consumption
pro�le. This e�ect may be due to the non-separability with durable goods.
Suppose that the interest rate increases. Individuals might want to postpone
both non-durable and durable consumption. On the other hand, the increase
of the interest rate causes the user cost to increase, thus reducing the stock of
durable goods today and at all feature dates. If this last e�ect is prevailing,
the increase in the interest rate reduce the stock of durable goods. This
a�ects the marginal utility of non-durable consumption if preferences are
not separable. If the non-durable and the durable goods are substitute,
the marginal utility of non-durable consumption increases when the stock
of durable goods decreases. In this case the e�ect of the interest rate the
growth rate of non-durable is reinforced. The opposite is true when non-
durable and durable goods are complement in utility.

The coeÆcient of the growth rate of the stock of cars is signi�cant at
a standard level and negative. This suggests that non-separabilities are
important and that non-durable and durable goods are substitute. This
results contrasts with the available evidence using macrodata(Bernanke [7]).

Finally, all the speci�cations pass the excess sensitivity test: when I
condition on the growth rate of the stock of cars, the coeÆcient on the
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growth rate of income dramatically drops. This makes the non-separability
between durable and non-durable goods to be potentially relevant for the
estimation of the Euler Equation and the empirical testing of the model.

From this �rst round of estimates, I can conclude that the non-separabilities
between non-durable ad durable goods may be an issue in that omitting
durable goods from the estimation of the Euler Equation amounts to omit
a relevant variable. In other words, this omission makes the parameters of
interest to be biased. On the other hand, it is not clear if the inclusion of
the stock of durable goods can `solve' the excess sensitivity puzzle. This is
so because also in the baseline speci�cation the coeÆcient on the growth
rate of income does not appear to be statistically di�erent than zero. In
particular, this lack of statistical signi�cance could be due to the inability
to instrument the growth rate of income : the rank test is 0.046, suggesting
that the chosen set of instruments are weak in predicting the growth rate
of income. To overcome this problem, I re-estimate the same speci�cations
than above, replacing the growth rate of income with the income lagged by
one period. Under the null, the coeÆcient on this last should be zero: past
income belong to the individual information set.

In Table 9 I report the estimates of the baseline speci�cation. The coef-
�cient on the income variable is signi�cant at a standard level and negative.
Non-durable consumption displays excess sensitivity. In the Table from 10
to 13 I augment the baseline speci�cation with the stock of cars computed
under the same assumptions on the depreciation rate than in Tables 5-8.
The novelty in these table is that the inclusion the stock of cars makes the
coeÆcient on the income variable to be statistically insigni�cant. This can
be interpreted as evidence of the fact that when the income variable is prop-
erly instrumented, the omission of the stock of durable goods can contribute
to explain why the excess sensitivity test reject the null.

5 Conclusions

The large majority of the empirical studies which test the LC-PI model
through the Euler Equation do not include any measure of durable con-
sumption among the conditioning variable. This omission can be partly
explained by a general problem of measurement of the stocks from where
households are assumed to derive utility. This study tries to �ll this gap
using a very rich source of information, the American Consumer Expen-
diture Survey. If non-durable and durable consumption are separable in
utility, omitting the durable consumption from the estimation of the Euler
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Equation does not lead to any bias. As long as this separability cannot be
assumed (or the non-separability cannot be rejected), the omission of this
durable good could potentially lead to a false rejection of the model.

The exercise performed here suggests that the non-separability between
durable and non-durable consumption can be an issue for the evaluation
of the theory. The coeÆcient of the interest rate is sensibly larger than
in the case where durable goods are not conditioned upon. The coeÆcient
of the stock of cars is statistically di�erent than zero, which means that
the non-separabilities between durable and non-durable might be an issue.
Moreover, when the speci�cation I estimate include the stock of cars the
evidence on excess sensitivity tends to disappear. Of course, the exclusion
of durable goods is not the sole responsible for the rejection of the theory,
if any, but the answer which this work o�ers points into the direction of
departing from the standard framework where the choices over non-durable
are modelled independently of choices over durable goods.
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Table 1

Cohort De�nition

Cohort Year of Birth Age in 1982 Average Cell Size U.E.

1 1909 73 31 no

2 1910-1914 68-72 190 no

3 1915-1919 63-67 230 no

4 1920-1924 58-62 263 yes

5 1925-1929 53-57 260 yes

6 1930-1934 48-52 246 yes

7 1935-1939 43-47 265 yes

8 1940-1944 38-42 327 yes

9 1945-1949 33-37 418 yes

10 1950-1954 28-32 468 yes

11 1955-1959 23-27 487 yes

12 1960-1966 16-22 564 no

13 �1967 �15 247 no

Note: In the �rst column is the cohort number, in the second the cohort de�nition,

in the third the average age in 1982, in the fourth the average cell-size, while in the

last column `no' stands for not used in the estimation and `yes' stands or used.
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Table 2

Cell Size and Average Stock of Cars, 1984

Cohort Cell Size Average Sock of Cars

1 21 2098.333

2 157 3212.279

3 192 4473.213

4 229 4880.836

5 249 5249.038

6 224 6091.652

7 257 5795.866

8 291 5392.927

9 373 5044.728

10 400 4380.69

11 378 3941.405

12 214 3100.18

Note: In the �rst column is the cohort number. The oldest cohort is 1. The cell-size

of each cohort in 1984 is in the second column . In the third column the average

stock of cars is reported.
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Table 3

Quarterly Depreciation Rate

Depreciation Rate I II III IV

1 .03

2 .0375

3 .045

4 .06

5 .0375 .045 .03

6 .06 .045 .03

7 .0525 .06 .045

8 .0375 .06 .045

9 .045 .0375 .05

10 .03 .0375 .05

Note: In the �rst column the number of the experiment is reported. Each row cor-

responds to the set of depreciation parameters indexing each experiment. Column

I refers to the common depreciation rate, column II to the depreciation rate for the

stock of cars in 1984, column III to the depreciation rate for new cars and column

IV to the depreciation rate for old cars. Experiments labelled from 1 to 4 refer to

the case where the same depreciation rate is assumed for both new and used cars.

Experiments from 5 to 10 refer to the case where three di�erent depreciation rate

are assumed: for the stock of cars in 1984, for new cars and for old cars.
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Table 4

GMM GMM OLS OLS

Interest Rate 1.16 1.05 0.61 0.59

(0.43) (0.40) (0.45) (0.23) (0.23)

Growth Rate of Family Size 0.64 0.65 0.35 0.37

(0.07) (0.30) (0.32) (0.08) (0.08)

Change in Number of Earners 0.27 0.42 0.19 0.14

(0.09) (0.21) (0.21) (0.04) (0.05)

Growth Rate of Income -0.06 0.02

(0.046) (0.06) (0.01)

Sargan 19.7 13.61

p-value 0.23 0.55

Note: The dependent variable is the growth rate of non-durable consumption. In

the �rst column is the right-hand variable name and in parentheses is the R2 of

the �rst stage regressions.The columns headed by GMM report the GMM esti-

mates, those by OLS the OLS estimates. Standard Errors are in parentheses. The

instruments used are: the lag two and three of the growth rate of non-durable

consumption and its square, the nominal interest rate, the in
ation rate, the car

expenditure; the lag two, three and four of the growth rate of the number of earners,

the number of children and of the grwoth rate of the income . All the speci�cations

include a constant and three seasonal dummies.
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Table 5

Æ = 0:0375

GMM GMM OLS OLS

Interest Rate 1.86 1.84 0.61 0.59

(0.43) (0.60) (0.67) (0.23) (0.23)

Growth Rate of Family Size 0.54 0.53 0.35 0.36

(0.07) (0.33) (0.33) (0.08) (0.08)

Change in Number of Earners 0.40 0.44 0.19 0.14

(0.09) (0.20) (0.23) (0.04) (0.05)

Change in Stock of Vehicles -0.80 -0.78 0.003 -0.04

(0.24) (0.40) (0.46) (0.11) (0.12)

Growth Rate of Income -0.01 0.02

(0.046) (0.07) (0.01)

Sargan 12.74 11.31

p-value 0.62 0.66

Note: The dependent variable is the growth rate of non-durable consumption. In

the �rst column is the right-hand variable name and in parentheses is the R2 of

the �rst stage regressions.The columns headed by GMM report the GMM esti-

mates, those by OLS the OLS estimates. Standard Errors are in parentheses. The

instruments used are: the lag two and three of the growth rate of non-durable

consumption and its square, the nominal interest rate, the in
ation rate, the car

expenditure; the lag two, three and four of the growth rate of the number of earners,

the number of children and of the grwoth rate of the income . All the speci�ca-

tions include a constant and three seasonal dummies. Æ refers to the quarterly

depreciation rate.
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Table 6

Æ = 0:045

GMM GMM OLS OLS

Interest Rate 1.80 1.77 0.61 0.59

(0.43) (0.59) (0.65) (0.23) (0.23)

Growth Rate of Family Size 0.54 0.53 0.35 0.36

(0.07) (0.33) (0.33) (0.08) (0.08)

Change in Number of Earners 0.39 0.43 0.19 0.14

(0.09) (0.20) (0.23) (0.04) (0.05)

Change in Stock of Vehicles -0.90 -0.85 0.002 -0.046

(0.22) (0.44) (0.50) (0.12) (0.12)

Growth Rate of Income -0.02 0.02

(0.046) (0.07) (0.01)

Sargan 12.69 11.25

p-value 0.62 0.66

Note: The dependent variable is the growth rate of non-durable consumption. In

the �rst column is the right-hand variable name and in parentheses is the R2 of

the �rst stage regressions.The columns headed by GMM report the GMM esti-

mates, those by OLS the OLS estimates. Standard Errors are in parentheses. The

instruments used are: the lag two and three of the growth rate of non-durable

consumption and its square, the nominal interest rate, the in
ation rate, the car

expenditure; the lag two, three and four of the growth rate of the number of earners,

the number of children and of the grwoth rate of the income . All the speci�ca-

tions include a constant and three seasonal dummies. Æ refers to the quarterly

depreciation rate.
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Table 7

Æ0 = 0:0375; Æn = 0:045; Æu = 0:03

GMM GMM OLS OLS

Interest Rate 1.94 1.92 0.60 0.60

(0.43) (0.62) (0.70) (0.23) (0.23)

Growth Rate of Family Size 0.53 0.53 0.35 0.36

(0.07) (0.33) (0.34) (0.08) (0.08)

Change in Number of Earners 0.39 0.44 0.19 0.14

(0.09) (0.21) (0.23) (0.04) (0.05)

Change in Stock of Vehicles -0.82 -0.78 -0.002 -0.045

(0.25) (0.40) (0.46) (0.11) (0.12)

Growth Rate of Income -0.02 0.02

(0.046) (0.07) (0.01)

Sargan 12.63 11.18

p-value 0.63 0.67

Note: Æ0 refers to the depreciation rate for the initial stock of cars, Æn to the

depreciation rate for new cars and Æu to the depreciation rate for used cars.

Table 8

Æ0 = 0:0525; Æn = 0:06; Æu = 0:045

GMM GMM OLS OLS

Interest Rate 1.72 1.70 0.61 0.60

(0.43) (0.56) (0.62) (0.23) (0.23)

Growth Rate of Family Size 0.55 0.53 0.35 0.36

(0.07) (0.33) (0.34) (0.08) (0.08)

Change in Number of Earners 0.39 0.43 0.19 0.14

(0.09) (0.20) (0.23) (0.04) (0.05)

Change in Stock of Vehicles -0.10 -0.09 -0.006 -0.053

(0.20) (0.04) (0.05) (0.12) (0.12)

Growth Rate of Income -0.02 0.02

(0.046) (0.07) (0.01)

Sargan 12.52 11.05

p-value 0.63 0.68

Note: Æ0 refers to the depreciation rate for the initial stock of cars, Æn to the

depreciation rate for new cars and Æu to the depreciation rate for used cars.
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Table 9

GMM GMM OLS OLS

Interest Rate 1.16 1.71 0.61 0.60

(0.43) (0.40) (0.53) (0.23) (0.23)

Growth Rate of Family Size 0.64 0.57 0.35 0.35

(0.07) (0.30) (0.33) (0.08) (0.08)

Change in Number of Earners 0.27 0.50 0.19 0.19

(0.09) (0.21) (0.22) (0.04) (0.04)

Income -0.08 0.005

(0.16) (0.03) (0.09)

Sargan 19.7 10.43

p-value 0.23 0.79

Note: This is the baseline speci�cation, i.e. without conditioning on the stock of

cars augmented by the lagged by one income.

Table 10

Æ = 0:0375

GMM GMM OLS OLS

Interest Rate 1.86 1.88 0.61 0.60

(0.43) (0.60) (0.62) (0.23) (0.23)

Growth Rate of Family Size 0.54 0.53 0.35 0.35

(0.07) (0.33) (0.33) (0.08) (0.08)

Change in Number of Earners 0.40 0.48 0.19 0.19

(0.09) (0.20) (0.22) (0.04) (0.04)

Change in Stock of Vehicles -0.80 -0.46 0.003 -0.02

(0.24) (0.40) (0.58) (0.11) (0.12)

Income -0.05 0.005

(0.16) (0.05) (0.01)

Sargan 12.74 10.56

p-value 0.62 0.72

Note: Income is the lagged by one income.
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Table 11

Æ = 0:045

GMM GMM OLS OLS

Interest Rate 1.80 1.86 0.61 0.60

(0.43) (0.59) (0.60) (0.23) (0.23)

Growth Rate of Family Size 0.54 0.53 0.35 0.35

(0.07) (0.33) (0.33) (0.08) (0.08)

Change in Number of Earners 0.39 0.47 0.19 0.19

(0.09) (0.20) (0.22) (0.04) (0.04)

Change in Stock of Vehicles -0.90 -0.52 0.002 -0.02

(0.22) (0.44) (0.61) (0.12) (0.12)

Income -0.05 0.005

(0.16) (0.05) (0.01)

Sargan 12.69 10.49

p-value 0.62 0.72

Note: Income is the lagged by one income.

Table 12

Æ0 = 0:0375; Æn = 0:045; Æu = 0:03

GMM GMM OLS OLS

Interest Rate 1.94 1.93 0.60 0.60

(0.43) (0.62) (0.65) (0.23) (0.23)

Growth Rate of Family Size 0.53 0.53 0.35 0.35

(0.07) (0.33) (0.34) (0.08) (0.08)

Change in Number of Earners 0.39 0.48 0.19 0.19

(0.09) (0.21) (0.22) (0.04) (0.04)

Change in Stock of Vehicles -0.82 -0.47 -0.002 -0.025

(0.25) (0.40) (0.57) (0.11) (0.12)

Income -0.05 0.005

(0.16) (0.05) (0.01)

Sargan 12.63 10.47

p-value 0.63 0.72

Note: Æ0 refers to the depreciation rate for the initial stock of cars, Æn to the

depreciation rate for new cars and Æu to the depreciation rate for used cars.
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Table 13

Æ0 = 0:0525; Æn = 0:06; Æu = 0:045

GMM GMM OLS OLS

Interest Rate 1.72 1.83 0.61 0.60

(0.43) (0.56) (0.58) (0.23) (0.23)

Growth Rate of Family Size 0.55 0.53 0.35 0.36

(0.07) (0.33) (0.34) (0.08) (0.08)

Change in Number of Earners 0.39 0.47 0.19 0.19

(0.09) (0.20) (0.22) (0.04) (0.04)

Change in Stock of Vehicles -0.10 -0.06 -0.006 -0.028

(0.20) (0.04) (0.06) (0.12) (0.13)

Income -0.006 0.005

(0.16) (0.006) (0.01)

Sargan 12.52 10.34

p-value 0.63 0.73

Note: Æ0 refers to the depreciation rate for the initial stock of cars, Æn to the

depreciation rate for new cars and Æu to the depreciation rate for used cars.
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Figure 1: Household Non-Durable Consumption

32



L
o

g
 
I
n

c
o

m
e

Age
20 40 60 80

9.5

10

10.5

11

Figure 2: Household Income After Taxes

L
o

g
 
F

a
m

i
l
y

 
S

i
z

e

Age
20 40 60 80

.4

.6

.8

1

1.2

Figure 3: Household Family-Size

33



S
t
o

c
k

 
o

f
 
C

a
r
s

Age
20 40 60 80

3000

5000

7000

9000

Figure 4: Household Stock of Cars

34



k1

ye
ar

82
86

90
94

0

50
00

10
00

0

15
00

0

k2

ye
ar

82
86

90
94

0

50
00

10
00

0

15
00

0

k3

ye
ar

82
86

90
94

0

50
00

10
00

0

k4

ye
ar

82
86

90
94

0

50
00

10
00

0

k5

ye
ar

82
86

90
94

0

50
00

10
00

0

15
00

0

k6

ye
ar

82
86

90
94

0

50
00

10
00

0

15
00

0

k7

ye
ar

82
86

90
94

0

50
00

10
00

0

k8

ye
ar

82
86

90
94

0

50
00

10
00

0

k9

ye
ar

82
86

90
94

0

50
00

10
00

0

15
00

0

k10

ye
ar

82
86

90
94

0

50
00

10
00

0

15
00

0

F
ig
u
re
5:
S
to
ck
of
C
ar
s

35



References

[1] Rob Alessie, Michael P. Devereux, and GuglielmoWeber. Intertemporal
Consumption, Durables and Liquidity Constraints: A Cohort Analysis.
European Economic Review, 41:37{59, 1997.

[2] Orazio Attanasio and Guglielmo Weber. Consumption Growth, the
Interest Rate and Aggregation. Review of Economic Studies, 60:631{
649, 1993.

[3] Orazio Attanasio and Guglielmo Weber. Is Consumption Growth Con-
sistent with Intertemporal optimization? Evidence from the Consumer
Expenditure Survey. Journal of Political Economy, 103:1121{1157,
1995.

[4] Orazio P. Attanasio. Consumer Durables and Inertial Behaviour: Esti-
mation and Aggregation of (s,s) Rules for Automobile Purchases. Uni-
versity College of London ,Mimeo., 1997.

[5] Orazio P. Attanasio and Martin Browning. Consumption over the Life
Cycle and the Business Cycle. American Economic Review, 85:1118{
1137, 1995.

[6] Ben Bernanke. Permanent Income, Liquidity and Expenditure on Au-
tomobile: Evidence from Panel Data. Quarterly Journal of Economics,
99:587{614, 1984.

[7] Ben Bernanke. Adjustment Costs, Durables and Aggregate Consump-
tion. Journal of Monetary Economics, 15:41{68, 1985.

[8] Martin Browning. The Intertemporal Allocation of Expenditure on
Non-Durables,Services and Durables. Canadian Journal of Economics,
22:22{36, 1989.

[9] Martin Browning and Thomas Crossley. Socks and pillows. McMaster
University, Mimeo, 1997.

[10] Martin Browning and Annamaria Lusardi. Household Saving: Micro
Theories and Micro Facts. Journal of Economic Literature, 34:1797{
1855, 1996.

[11] Martin Browning and Costas Meghir. The E�ect of Male and Fe-
male Labor Supply on Commodity Demands. Econometrica, 59:925{51,
1991.

36



[12] Martin J. Browning. Which Demand Elasticity Do We Know and
Which Do We Need to Know for Policy Analysis. McMaster, Mimeo,
1987.

[13] Cristopher D. Carroll. Bu�er-Stock Saving and the Life-
Cycle/Permanent Income Hypothesis. Quarterly Journal of Economics,
112:1{56, 1992.

[14] Cristopher D. Carroll and Lawrence H. Summers. Consumption Growth
Parallels Income Growth: Some New Evidence. In B.D. Bernheim and
J.B.Shoven, editors, National Saving and the Economic Performance.
Chicago University Press for NBER, Chicago, 1991.

[15] A.J. Davies, Michael P. Devereux, and GuglielmoWeber. Vehicle Stock,
Vehicle Purchases and Credit in the Family Expendture Data. IFS,
Mimeo, 1992.

[16] Robert Hall. The Measurement of Quality Changes from the Vintage
Price Data. In Z.Grilliches, editor, Price Indexes and Quality Changes.
Harvard University Press, Cambridge, 1971.

[17] Fumio Hayashi. The Permanent Income Hypothesis: Estimation and
Testing by Instrumental Variables. Journal of Poltical Economy,
90:895{916, 1982.

[18] Fumio Hayashi and Cristopher Sims. Nearly EÆcient Estimation of
Time-Series Model with Predetermined but not Exogenous Instru-
ments. Econometrica, 51:783{792, 1983.

[19] Sam-Pok Lam. Permanent Income, Liquidity and Adjustment of Au-
tomobile Stock: Evidence from Panel Data. Quarterly Journal of Eco-

nomics, 106:203{230, 1991.

[20] Gregory N. Mankiw. Hall's Consumption Hypothesis and Durable
Goods. Journal of Monetary Economics, 10:417{425, 1982.

[21] Jorne-Ste�en Pishcke. Individual Income, Incomplete Information and
Aggregate Consumption. Econometrica, 63:805{839, 1995.

37


