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This paper tests for the presence of habit formation using household data. A simple
model of habit formation implies a condition relating the strength of habits to the
evolution of consumption over time. When the condition is estimated with food
consumption data from the Panel Study on Income Dynamics (PSID), the results
yield no evidence of habit formation at the annual frequency. This finding is robust
to a number of changes in the specification. It also holds for several proxies for
nondurables and services consumption created by combining PSID variables with
weights estimated from Consumer Expenditure Survey data.(JEL D12, D91, E21)

In the past two decades, many studies have
used household panel data on consumption to
examine behavior when preferences are as-
sumed to be time separable.1 More recently,
there has been growing interest in the implica-
tions of preferences that are not time separable,
and several papers (discussed below) have used
aggregate consumption data to look for evi-
dence of such preferences. This paper builds on
previous work by testing the time separability of
preferences with household panel data.

The paper focuses on a specific class of time-
nonseparable preferences: those exhibiting habit
formation. With habit formation, current utility
depends not only on current expenditures, but also
on a “habit stock” formed by lagged expenditures.
For a given level of current expenditure, a larger
habit stock lowers utility.

Among its potentially important empirical
implications, habit formation causes consumers

to adjust slowly to shocks to permanent income.
Thus, it can, in principle, explain the “excess”
smoothness of aggregate consumption docu-
mented by John Y. Campbell and Angus S.
Deaton (1989), as well as by Christopher D.
Carroll and David N. Weil’s (1994) finding that
periods of high aggregate income growth are
followed by periods of high aggregate saving.
In addition, because habits increase the disutil-
ity associated with large declines in consump-
tion, they may provide a partial solution to the
equity premium puzzle (Andrew B. Abel, 1990;
George M. Constantinides, 1990; Campbell and
John H. Cochrane, 1999).

Past studies of time-nonseparable preferences
based on aggregate consumption data yield mixed
conclusions about the strength of habit formation.
Kenneth B. Dunn and Kenneth J. Singleton
(1986), Martin S. Eichenbaum et al. (1988), and
John Heaton (1993) find very little evidence of
habit formation in U.S. aggregate monthly con-
sumption data, and John Muellbauer (1988) pro-
duces similar results with U.S. quarterly
consumption data. In contrast, Wayne E. Ferson
and Constantinides (1991) find large and statisti-
cally significant amounts of habit formation in
monthly, quarterly, and annual U.S. consumption
data, and Phillip A. Braun et al. (1993) find some
habit formation in aggregate Japanese consump-
tion.2 These widely varying conclusions stem
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1 Early examples include Robert E. Hall and Frederic S.
Mishkin (1982), who test the permanent income hypothesis,
Matthew D. Shapiro (1984), who estimates the intertempo-
ral elasticity of substitution, and Stephen P. Zeldes (1989),
who tests for the presence of liquidity constraints.

2 Cross-sectional demand studies such as Dale Heien and
Cathy Durham (1991) typically estimate a large habit-
formation parameter, but Muellbauer explains that this is
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from differences in the estimated first-order con-
ditions, data, and instruments.

Moreover, all studies of time-nonseparable
preferences based on aggregate data face a com-
mon problem: Their conclusions hinge on the
serial correlation of aggregate consumption
growth, which is appreciably influenced by a
number of factors unrelated to preferences. For
example, some studies overlook the positive
serial correlation induced by the time averaging
of aggregate data (Holbrook Working, 1960).
Aggregation across individuals could also lead
to positive serial correlation: Jordi Galı´ (1990)
and Richard H. Clarida (1991) show that aggre-
gate consumption will be smoother than indi-
vidual consumption if agents have finite lives,
and Marvin Goodfriend (1992) and Jo¨rn-Steffen
Pischke (1995) show that aggregate consump-
tion will be smoothed when individuals have
imperfect information about aggregate income
shocks. Data construction methods may also
smooth aggregate consumption growth. For ex-
ample, housing services, which represent about
15 percent of total personal consumption expen-
ditures (PCE) in the National Income and Prod-
uct Accounts, are estimated using annual data
on the housing stock that are converted to a
quarterly frequency largely through interpola-
tion. Further, David W. Wilcox (1992) shows
that the rotating panels of retail sales data that
were the basis of PCE for goods until 1997 lead
to positively serially correlated sampling error.

This paper uses household data to examine a
simple life-cycle consumption model with pref-
erences that exhibit habit formation. The model
demonstrates that the correlation between cur-
rent and lagged consumption growth reflects the
strength of habit formation. I estimate the mod-
el’s first-order condition with annual observa-
tions of food expenditures from thePanel Study

on Income Dynamics(PSID). These data are
probably far less influenced by the factors that
distort the serial correlation of aggregate data.

Fumio Hayashi (1985) tests the time separabil-
ity of preferences by looking for durability in a
four-quarter panel of expenditures by Japanese
households. His first-order condition is similar to
one based on habit formation, except that durabil-
ity has essentially the opposite effect on utility and
the dynamics of consumption. Hayashi’s focus on
durability seems appropriate given the relatively
high frequency of his panel and the durable nature
of many of the categories of consumption studied.
In contrast, the annual frequency of the PSID
observations and the nondurability of food spend-
ing imply that these data better lend themselves to
a study of habit formation.3

My estimation results yield no evidence of
habit formation at the annual frequency. Indeed,
they indicate that habit formation has at most an
extremely limited influence on consumers’ be-
havior. This finding is robust to a number of
changes in the specification, and it holds for
several proxies for nondurables and services
consumption that are created by combining se-
lected PSID variables related to consumption
with weights estimated fromConsumer Expen-
diture Survey(CEX) data.

I. The Model

Householdi chooses current consumption ex-
penditure,ci ,t, to maximize

(1) EtF O
s50

T

bsu~c̃i ,t1s; c i ,t1s!G ,

whereEt represents the expectation conditional
on all information at timet, c̃i ,t is consumption
services in periodt, b is a time discount factor,
and c i ,t corresponds to “taste-shifters”—vari-
ables that move marginal utility—at timet.
Consumption services in periodt are positively
related to current expenditure and negatively
related to lagged expenditure:

not strong evidence of rational habit-forming consumers.
The findings may well be due to “myopic” habit-forming
consumers (Hendrik S. Houthakker and Lester D. Taylor,
1970), who receive disutility in the current period from past
consumption, but are unaware that current consumption will
yield reductions in future utility. While myopic habit for-
mation produces large estimated habit effects in a cross-
sectional context, it has almost no effect on the time-series
behavior of consumption. This paper considers only “ratio-
nal” habit formation under which consumers understand the
full implications of their current consumption decisions
(Frans Spinnewyn, 1981).

3 Food consumption is arguably durable in the sense that
a meal at a good restaurant might yield lasting psycholog-
ical benefits; however, such an effect seems unlikely to
persist more than a few months.
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(2) c̃i ,t 5 ci ,t 2 aci ,t21 .

The parametera measures the strength of habit
formation; whena is larger, the consumer re-
ceives less lifetime utility from a given amount
of expenditure.4

The first-order condition for the household’s
optimization problem is:

(3) Et @MUi ,t 2 abMUi ,t11#

5 Et @~1 1 r i ,t11!bMUi ,t11

2 ~1 1 r i ,t11!ab2MUi ,t12 ],

wherer i ,t11 is the rate of return to saving avail-
able to householdi between periodst and t 1
1, andMUi ,t represents the partial derivative of
current utility with respect to current consump-
tion services:MUi ,t 5 u(c̃i ,t)/c̃i ,t. The left-
hand side of condition (3) is the net marginal
cost of forgoing one unit of consumption ex-
penditure in periodt. Utility in period t de-
creases (a positive cost) and utility in periodt 1
1 increases (a negative cost) because the habit
stock in t 1 1 is lower. The right-hand side
represents the net marginal benefit of increasing
consumption expenditure by (11 r i ,t11) units
in period t 1 1. Utility in period t 1 1 in-
creases, whereas utility in periodt 1 2 de-
creases because the habit stock is higher.

I simplify condition (3) for the purposes of
estimation. One motivation for doing so is that
measurement error requires the use of instrumen-
tal variables, and the limited number of instru-
ments available in household data are unlikely to
capture the nonlinearity in equation (3) well
enough to produce convincing estimates ofa.5

More important, a number of special problems
arise when estimating consumption Euler equa-
tions with household data, and the solutions pro-

vided by the existing literature are designed for
linear equations.

Hayashi (1985) provides a simplification of
the first-order condition when preferences are
time nonseparable. As shown in Appendix A, if
T is large and interest rates are constant, condi-
tion (3) can be reduced to:

(4) EtF ~1 1 r !b
MUi ,t11

MUi ,t
G 5 1.

This equation implies:

(5) ~1 1 r !b
MUi ,t

MUi ,t21
5 1 1 « i ,t ,

where«i ,t is householdi ’s expectational error
which reflects innovations to permanent in-
come. If households have rational expectations,
Et21[« i ,t] 5 0 and the« i ,t’s are serially uncor-
related.

Now, assume that the utility function is of the
following isoelastic form:

(6) u~c̃i ,t ; c i ,t ! 5 c i ,t

c̃i ,t
12r

1 2 r
.

In this case, the derivative of utility with respect
to consumption services,c̃, is MUi ,t 5 c i ,tc̃i ,t

2r,
so that condition (5) may be rearranged as:

(7) ~1 1 r !b
c i ,t

c i ,t21
S c̃i ,t

c̃i ,t21
D2r

5 1 1 « i ,t .

Taking the natural logarithm of (7) and using
equation (2) to substitute forc̃ yields:

(8) D ln~ci ,t 2 aci ,t21!

5
1

r
@ln~1 1 r ! 1 ln~b!#

1
1

r
D ln~c i ,t ! 2

1

r
ln~1 1 « i ,t !.

If utility is time separable—a equals 0—
equation (8) reduces to the familiar case where

4 Deaton (1992) shows that this formulation is a special
case of a more elaborate model in which the habit stock
depends on its own lagged values in addition to lagged
consumption expenditure. With these added features, the
coefficient on lagged expenditure reflects both the habit
stock’s influence on current utility and the rate at which the
habit stock depreciates over time.

5 Ferson and Constantinides (1991) and Braun et al.
(1993) estimate equations similar to (3), but these studies
are based on aggregate data where a large set of financial
variables are available as instruments.
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the growth in consumption depends on the time
discount factor, the real interest rate, taste
shocks, and the forecast error.

Following Muellbauer (1988), I approximate
D ln(ci ,t 2 aci ,t21) with (D ln ci ,t 2 aD ln
ci ,t21) and rewrite equation (8) as:

(9) D ln~ci ,t ! 5 g0 1 aD ln~ci ,t21!

1 g1D ln~c i ,t ! 1 ei ,t ,

whereg0 andg1 are constants andei ,t is an error
term with mean zero.6 The correlation between
the exact expression and the approximation in
my baseline sample of PSID food spending data
is quite high for moderate values ofa suggest-
ing both that the approximation holds well for
true consumptionand that it is valid given the
measurement error in the data. For observations
where the exact expression is defined, the cor-
relation is 0.98 whena equals 0.3, 0.92 whena
equals 0.5, and 0.82 whena equals 0.9.7 Fur-
thermore, the approximation and the exact ex-
pression appear to have similar serial
correlation properties, with the gap between
their respective first-order autocorrelation coef-
ficients at most around 0.05.

The habit-formation model predictsa . 0 in
equation (9), with its magnitude reflecting the
fraction of past expenditures that make up the
habit stock and indicating the importance of
habit formation in behavior.8 More intuitively,
the equation shows that habit formation creates
a positive link between current and lagged ex-
penditure growth, which stems from consum-
ers’ gradual adjustment to permanent income
shocks. In contrast to traditional models in

which consumption adjusts immediately to per-
manent income innovations, habits cause con-
sumers to prefer a number of small consumption
changes to one large consumption change. Be-
cause equation (9) captures this fundamental
dynamic of habit formation, the estimation re-
sults in this paper will not only serve as a test of
this particular model, but will also provide ev-
idence regarding the general importance of
habit formation.

II. The Data

I estimate the Euler equation (9) using data
from the PSID, which contains annual informa-
tion about the income, employment, and demo-
graphic characteristics of individual households
beginning in 1968. The PSID has limited con-
sumption data, and I follow a substantial body
of literature in using food expenditures to ex-
plore consumer behavior [e.g., Hall and Mish-
kin (1982), Zeldes (1989), Emily C. Lawrance
(1991), and David E. Runkle (1991)] under the
assumption that utility is separable in food and
other types of expenditures. The PSID food
measure includes outlays at restaurants, which
presumably share many traits with other cate-
gories of consumption, such as responsiveness
to shocks to permanent income.9

To check the robustness of the basic results, I
estimate equation (9) with several proxies for
growth in nondurables and services consump-
tion. Jonathan Skinner (1987) highlights a hand-
ful of PSID variables besides food expenditures
that are related to household consumption: the
market value of owned homes, rent payments,
the number of automobiles, and utility pay-
ments. Building on Skinner’s work, I estimate
the relationship between growth in consumption
of nondurables and services and growth of these
variables (in various combinations) using data
from the 1985Consumer Expenditure Survey.I
then apply the estimated coefficients to the rel-
evant PSID variables to create proxies for non-
durables and services spending growth. This
procedure is described in more detail in Appen-
dix B.

6 Although g0 is a function of the real interest rate, the
time discount factor, and forecast error variance, most Euler
equation analyses with household data have assumed these
terms constant across households and time periods. The
validity of these assumptions will be explored in the em-
pirical section.

7 The exact expression is defined for all observations
whena is 0.3 or smaller. However, sharp drops in measured
consumption make it undefined for 5 percent of the sample
whena equals 0.5, for 23 percent whena equals 0.7, and
for 61 percent whena equals 0.9.

8 This assumes expenditures are completely nondurable
at the annual frequency. Section V takes up the issue of
durability.

9 On the other hand, John Shea (1994) presents evidence
that the behavior of aggregate food consumption differs in
certain aspects from that of aggregate consumption of other
goods.

394 THE AMERICAN ECONOMIC REVIEW JUNE 2000



The baseline sample contains 3,153 house-
holds, each with as many as 13 observations on
food expenditure growth. Although the PSID
began in 1968 and continues today, the sample
uses spending data only from the period 1974
through 1987 because of interpretation prob-
lems in the early years and the suspension of the
food questions in 1987. As discussed in Appen-
dix B, I eliminate certain households and obser-
vations because of data reliability problems and
other issues.

III. Estimation Issues

A. Time Averaging

Some previous empirical studies of time-
nonseparable utility have emphasized that
positive first-order serial correlation of
changes in consumption may reflect the time
averaging of data rather than habit formation
(Lawrence J. Christiano et al., 1991; Heaton,
1993). As shown first by Working (1960), the
first difference of a time-averaged random
walk will have a first-order autocorrelation
coefficient that approaches 0.25 as the period
of observation becomes large relative to the
decision interval.

PSID food spending is likely less affected
by time averaging than aggregate spending
because it is closer to annual observations of
food consumption over a short period than
annual averages of food consumption. Data
on food consumption at home are based on
the question: “How much do you (or anyone
else in your family) spend on food that you
use at home in an average week?” Assuming
that respondents answer on the basis of their
typical consumption over a relatively recent
time frame—say the past month—the time-
series properties will be similar to those of a
monthly average taken once per year. (The
fact that respondents are asked to normalize
spending to a one-week period is irrelevant.)
If decisions are made every day (with vari-
ances2), the first-order serial correlation of
the first difference of a (30-day) monthly av-
eragex observed once per year will be:

(10)
E~DxDx21!

E~Dx2!

5 SS O
i51

29

~29 2 i 2 1!piD s2D
4 S S ~336p302! 1 2 O

i51

29

i 2Ds2D
5 0.014.

Of course, if respondents are literally reporting
average expenditures for the past year, the au-
tocorrelation coefficient will be in the range
emphasized by Working (1960), and the esti-
mates of habit formation will be biased substan-
tially upward.10

B. Measurement Error

Food expenditures are notoriously poorly
measured in the PSID, which induces a strong
negative correlation in measured consumption
changes. To allow for measurement error in the
empirical model, let

(11) ln~c*i ,t ! 5 ln~ci ,t ! 1 n i ,t ,

wherec*i ,t represents the observed value of con-
sumption expenditure,ci ,t is the true value of
consumption expenditure, andn i ,t is measure-
ment error. Equation (9) then implies:

~12! D ln~c*i ,t ! 5 g0 1 aD ln~c*i ,t21!

1 g1D ln~c i ,t ! 1 zi ,t ,

where

(13) zi ,t 5 ei ,t 1 n i ,t

2 ~1 1 a!n i ,t21 1 an i ,t22 .

10 Most of the additional series used to construct the
proxies for nondurables and services spending growth also
pertain to short time periods: current month’s rent and
snapshots of house value and vehicles at the time of the
interview.
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SinceD ln(c*i ,t21) 5 D ln(ci ,t21) 1 n i ,t21 2
n i ,t22, it is correlated withzi ,t and ordinary
least squares will produce inconsistent esti-
mates ofa. One can avoid the bias by estimat-
ing the Euler equation using instruments for
lagged consumption growth. Because of the
MA(2) error structure, I use Lars Peter Han-
sen’s (1982) Generalized Method of Moments
(GMM) to produce consistentand efficient es-
timates ofa.11

Good instruments will be correlated with
lagged growth in true consumption but uncor-
related withzi ,t, which reflects a forecast error
and shocks to preferences, as well as measure-
ment error.12 My baseline set of instruments
includes three types of variables. First, I use
dummy variables for ranges of lagged growth in
real household money income. The dummies
prevent extreme outliers from having undue in-
fluence on the regression results and allow for a
nonlinear relationship between lagged income
growth and lagged consumption growth. Sec-
ond, I use dummy variables for ranges of lagged
growth in total annual hours worked by family
members. Third, I use a dummy for whether the
head lost his or her job involuntarily during the
previous period; Cochrane (1991) showed this
variable to have a significant negative relation-
ship with consumption growth. As a check on
the robustness of the results, I include additional
instruments in some specifications—lagged
hours of work missed by the head and spouse
because of illness (their own or that of family
members), and the lagged ratio of lump-sum
receipts to money income.13

Table 1 presents first-stage results for a
typical specification.14 The estimated coeffi-
cients are significant (as groups) and not un-
reasonable: Larger changes in income and
hours are generally associated with higher
consumption growth, and involuntary loss of
employment reduces consumption growth.
The partialR2 statistic— defined in this case
as theR2 from a regression ofDc*i ,t21 on the
instruments after partialling out the taste-
shifters, time dummies, and demographic
variables—is 0.011, indicating that the ex-
cluded instruments explain only a small frac-
tion of the variance in lagged expenditure
growth. This result is not surprising given that

11 Gary Chamberlain (1984) shows that if the optimal
weighting matrix [which takes the MA(2) error structure
into account] is used, the GMM estimator is efficient within
the class of estimators that uses only conditional moment
restrictions.

12 Although the second lag of consumption growth has a
lot of predictive power for the first lag, Ferson and Con-
stantinides (1991) point out that measurement error will
lead it to be correlated with the error term.

13 As discussed in Appendix B, growth in food expen-
ditures in yeart represents the difference between spending
in the spring oft 2 1 and that in the spring oft. The period
covered by growth in income int 2 1 overlaps this period,
as it is the difference between the annualaveragein t 2 2
and that int 2 1. As a result, the first lag of income growth
is correlated with the error term in the first-order condition
and is unsuitable as an instrument. Thus, I calculate the
income dummies using growth in income int 2 2. The

hours growth dummies, the illness variables, and the lump-
sum receipt variables are all based on twice-lagged data for
similar reasons.

14 This specification uses the baseline set of instruments
and includes year dummies and demographic variables in
both stages. The first-stage results are fairly similar across
specifications.

TABLE 1—FIRST-STAGE RESULTS

Instrument Coefficient (Standard error)

Lagged money income
growth rate

250 , Dy # 225 1.614 (1.056)
225 , Dy # 210 1.419 (1.000)
210 , Dy # 0 3.538 (0.971)
0 , Dy # 10 4.654 (0.975)
10 , Dy # 25 5.406 (1.002)
25 , Dy # 50 7.422 (1.084)
50 , Dy 9.648 (1.211)

Lagged hours growth rate
250 , Dhours # 225 1.798 (0.985)
225 , Dhours # 210 0.525 (0.921)
210 , Dhours # 0 2.347 (0.812)
0 , Dhours # 10 1.899 (0.898)
10 , Dhours # 25 1.794 (0.937)
25 , Dhours # 50 2.595 (1.016)
50 , Dhours 3.722 (1.060)

Lagged head involuntarily
lost job

27.170 (2.050)

PartialR2 0.011
F-test of excluded

instruments (p-value)
15.07 (0.00)

Number of observations 27,188

Notes: The dependent variable is lagged growth in food
expenditure. The independent variables not shown are
growth in family size, year dummies, and demographic
dummies. The income dummies and the hours dummies are
significant as groups at the 1-percent level or better.
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much of the variation in reported spending
growth stems from measurement error. The
table also shows theF-statistic for a test of
the hypothesis that the coefficients on the
excluded instruments are zero. Douglas
Staiger and James H. Stock (1997) stress the
importance of examining this statistic, as con-
ventional asymptotic results may break down
when the partial correlation between the in-
struments and the endogenous regressor is
weak.15 In this case, theF-statistic for the
excluded instruments is 15—well outside of
the problematic range. Low instrument rele-
vance also does not appear to be a significant
issue for any of the alternative specifications
used in this paper; the tables that follow in-
clude theF-statistics for the excluded instru-
ments in each case.

C. Additional Explanatory Variables

Following previous authors, I include as
taste-shifters in the estimated Euler equation the
age of head, age-squared, and growth in the
number of adult male equivalents in the house-
hold. All specifications also include time dum-
mies to ensure that aggregate shocks do not lead
to inconsistent parameter estimates in the rela-
tively short PSID panel (Chamberlain, 1984;
Randall P. Mariger and Kathryn Shaw, 1993).
In addition, I use extra demographic variables in
some specifications to control for possible
household-specific effects such as differences in
time preference rates across socioeconomic
groups (Lawrence, 1991).16

Finally, I include the real after-tax interest
rate in one specification. Following Shapiro
(1984), I construct a measure of theex post
return to saving that varies across households
(owing to differences in marginal tax rates) and
also over time. Because the variable is unknown
in periodt and thus likely to be correlated with
the forecast error, I instrument for it with two of
its lags. Equation (12) does not allow for a strict

interpretation of this coefficient because the der-
ivation assumed a constant real interest rate, but
the relationship between the real interest rate
and consumption growth should be closely
related to the intertemporal elasticity of
substitution.17

IV. Findings

Table 2 presents the basic GMM results when
the dependent variable is growth of food expen-
diture. All specifications in this table use the
baseline set of instruments—the dummies
for income growth, the dummies for hours
growth, and the dummy for involuntary loss of
employment.

When no other variables are added to the
specification [column (1)], the point estimate
of a is 20.039, with a standard error of 0.069.
Thus, there is no evidence of significant habit
formation in food consumption. The coeffi-
cient on growth in family size is positive, as
expected, and highly significant. The signifi-
cant negative coefficient on age and the pos-
itive (albeit insignificant) coefficient on age-
squared are consistent with the “hump-
shaped” age-consumption profile that has
been documented in studies such as Carroll
and Lawrence H. Summers (1991). The year
dummies are highly significant; one can eas-
ily reject the hypothesis that aggregate shocks
are not present. Finally, thep-value for the
test of the overidentifying restriction is 0.45,
providing no evidence of a significant corre-
lation between the instruments and the error
term in the second stage.18

15 A number of other recent studies also address this
point, including Charles Nelson and Richard Startz (1990)
and John Bound et al. (1995).

16 I repeated Runkle’s (1991) tests for household-
specific effects that are not associated with observable vari-
ables and confirmed his conclusion that they are
unimportant.

17 The coefficient on ln(11 r ) equals (1 2 a 1
ag)/(r(1 1 ag)), whereg is the average growth rate of
consumption across households. This coefficient increases
as the strength of habit formation declines, reaching 1/r (the
intertemporal elasticity of substitution) with time-separable
preferences.

18 This test is standard in the literature. As Hansen
(1982) shows, under the null hypothesis that the instruments
are orthogonal to the error term, the product of the mini-
mized value of the objective function and the number of
observations (often called theJ-statistic) has a chi-squared
distribution with degrees of freedom equal to the number of
instruments minus the number of estimated parameters. A
rejection of the null hypothesis indicates that one or more of
the instruments is correlated with the forecast error (a vio-
lation of rational expectations) or with the measurement
error.
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The remaining columns of the table exam-
ine variations in the specification. Column (2)
adds race and sex variables. Consistent with
Lawrance’s (1991) findings, the estimates
suggest that white households have signifi-
cantly higher rates of consumption growth
and that female-headed households have sig-
nificantly lower rates of consumption growth.
Column (3) includes the real after-tax interest
rate. Its estimated coefficient is 0.536 with a
standard error of 0.190. This estimate is fairly
large compared with the values of the inter-
temporal elasticity of substitution generally
produced by studies of aggregate data (e.g.,
Hall, 1988), but in line with the range found
by many researchers who have used house-
hold data (Zeldes, 1989; Lawrance, 1991;
Runkle, 1991).

These variations have no material effect
on the findings regarding habit formation.
The estimated coefficient on lagged con-
sumption growth is small and negative in

each case, with a small standard error. As
shown in the last row of the table, the upper
end of the 95-percent confidence interval is
around 0.1 in all cases, implying that habit
formation in food consumption is quite weak
at best.

Table 3 presents the results when the spec-
ification including year dummies and demo-
graphic variables (but not the interest rate) is
estimated with different instrument sets. The
first column repeats column (2) of Table
2, wherea is estimated to be20.046 with a
standard error of 0.070. Instrumenting with
the income dummies alone— column (2)— or
the hours dummies alone— column (3)— has
little effect on the results. The point estimate
of a jumps up when the lost job dummy is
used alone— column (4)— but remains insig-
nificant because of a huge increase in the
standard error. This loss of precision is un-
surprising given that the partialR-squared
statistic from the first-stage regression is only

TABLE 2—GROWTH OF FOOD EXPENDITURE: BASIC RESULTS

(1) (2) (3)

First-stage results:a

PartialR2 0.012 0.011 0.010
F-test of excluded instrumentsb 15.40 15.07 10.57

(0.00) (0.00) (0.00)

Second-stage results:c

Dc21 20.039 20.046 20.038
(0.069) (0.070) (0.078)

Dfamily size 0.385 0.383 0.386
(0.017) (0.017) (0.019)

age 20.187 20.217 20.205
(0.061) (0.063) (0.074)

age2/1000 0.923 1.278 0.975
(0.565) (0.588) (0.707)

white — 1.746 1.354
(0.558) (0.618)

female — 21.447 21.579
(0.475) (0.542)

ln(1 1 r ) — — 0.536
(0.190)

joint significance of year dummies (p-value) 0.00 0.00 0.00
Test of overidentifying restrictions (p-value) 0.45 0.47 0.22
Number of observations 27,188 27,188 22,899

95-percent confidence interval for habit-formation parameter (20.18, 0.10) (20.19, 0.09) (20.19, 0.12)

a Excluded instruments are dummies for ranges of lagged money income growth, dummies for ranges of lagged hours
growth, and a dummy for whether head lost job in previous period.

b p-values are in parentheses.
c Standard errors are in parentheses.
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one-quarter as large as the baseline case. Fi-
nally, columns (5) and (6) show little change
in the results when the baseline instrument set
is augmented with dummies for the ranges of
the ratio of lump-sum receipts divided by
total money income and variables indicating
hours of work lost by the head and spouse
because of illness. In sum, all of the varia-
tions except for column (3) bound the true
value of a at a small positive value.

Table 4 presents results for consumption
growth defined as the proxies for growth in
nondurables and services. In general, the in-
struments have more predictive power for
these proxies than for food consumption—the
partial R-squared statistic is up to twice as
large as in the preceding tables. The proxies
have a smaller positive response to changes in
family size than food, and the coefficients on
the age variables indicate that the hump-

shaped pattern over the life cycle is less pro-
nounced for the proxies. The estimated
coefficients on the demographic variables
(not shown) are qualitatively similar to those
in the food regressions. Most important, the
estimated coefficients on lagged expenditure
growth remain small and precisely estimat-
ed—they again provide no evidence of habit
formation having a significant influence on
consumer behavior.19

19 Despite the aforementioned problems associated
with estimating a nonlinear specification, I reestimated
most specifications with the Euler equation in its nonlin-
ear form (8) as a check on the validity of the approxi-
mation used to derive equation (9). The results were
similar, yielding no evidence of habit formation at the
annual frequency. For example, for the specification that
was most comparable to that in the first column of Table
2, the estimate ofa was 20.18 with a standard error of
0.07.

TABLE 3—GROWTH OF FOOD EXPENDITURE: ALTERNATIVE INSTRUMENT SETS

(1) (2) (3) (4) (5) (6)

Instruments:
Money income growth x x x x
Hours growth x x x x
Lost job involuntarily x x x x
Lump-sum receipts x x
Illness x

First-stage results:
PartialR2 0.011 0.010 0.006 0.003 0.011 0.011
F-test of excluded

instrumentsa
15.07
(0.00)

27.58
(0.00)

12.73
(0.00)

15.08
(0.00)

12.00
(0.00)

9.47
(0.00)

Second-stage results:b

Dc21 20.046 20.085 20.096 0.633 20.058 20.054
(0.070) (0.076) (0.109) (0.380) (0.069) (0.070)

Dfamily size 0.383 0.382 0.382 0.387 0.384 0.385
(0.017) (0.017) (0.017) (0.021) (0.017) (0.018)

age 20.217 20.233 20.238 0.052 20.221 20.225
(0.063) (0.065) (0.072) (0.165) (0.063) (0.064)

age2/1000 1.278 1.399 1.433 20.662 1.305 1.359
(0.588) (0.597) (0.643) (1.263) (0.588) (0.602)

Test of overidentifying
restrictions (p-value)

0.47 0.91 0.59 0.99 0.25 0.05

Number of observations 27,188 27,188 27,188 27,188 27,188 25,052

95-percent confidence interval
for habit-formation
parameter

(20.19, 0.09) (20.24, 0.07) (20.31, 0.12) (20.13, 1.39) (20.20, 0.08) (20.19, 0.09)

a p-values are in parentheses.
b All specifications also include year dummies, a dummy for white head of household, and a dummy for female head of

household. Standard errors are in parentheses.
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V. Conclusion

This paper estimates the first-order condition
from a simple model of habit formation using
household data on food expenditures. The re-
sults, which are consistent across a number of
variations of the empirical specification, yield
no evidence of habit formation. The findings
also hold for several constructed proxies for
growth in nondurables and services consump-
tion. In most cases, the point estimates and
standard errors imply 95-percent confidence in-
tervals that exclude values ofa that exceed
0.15.

These estimates fall well short of the range
needed to explain the empirical regularities
for which habit formation has been suggested
as a solution. For example, Deaton (1987)
shows thata must equal 0.78 to fully explain
the “excess smoothness” of aggregate con-

sumption. Carroll and Weil (1994) calculate
that a would have to exceed 0.95 to explain
the observed relationship between high aggre-
gate income growth and subsequent periods
of high aggregate saving. Finally, Constantin-
ides (1990) shows thata must be approxi-
mately 0.80 to explain the historical equity
premium.

Some caveats apply in making these com-
parisons, however. First, any durability in
these data could partially or even completely
obscure habit formation. Durability tends to
offset habit formation in behavior: It makes
expenditure growth lumpy whereas habit
formation smooths it out. N. Gregory Mankiw
(1982) and Hayashi (1985) show that with
durability alone,â should be negative. Ferson
and Constantinides (1991) show that when
preferences exhibit habit formationandgoods
are durable, the sign ofâ reflects the domi-

TABLE 4—PROXIES FORGROWTH OF NONDURABLES AND SERVICES

(1) (2) (3) (4)

Weighted average of:
PercentD Food at home x x x x
PercentD Food away from home x x x x
PercentD Rent x x x
PercentD House value x x x
D Number of autos x x
PercentD Utility payments x

First-stage results:
PartialR2 0.013 0.016 0.022 0.023
F-test of excluded instrumentsa 16.87 9.86 12.81 10.09

(0.00) (0.00) (0.00) (0.00)

Second-stage results:b

Dc21 20.049 20.024 20.060 20.025
(0.064) (0.084) (0.074) (0.087)

Dfamily size 0.119 0.133 0.193 0.204
(0.005) (0.008) (0.011) (0.014)

age 20.022 20.033 20.035 20.109
(0.019) (0.033) (0.040) (0.052)

age2/1000 0.067 0.087 0.086 0.739
(0.177) (0.299) (0.361) (0.472)

Test of overidentifying restrictions
( p-value)

0.74 0.62 0.79 0.81

Number of observations 19,502 12,044 10,286 7,665

95-percent confidence interval for habit-
formation parameter

(20.18, 0.08) (20.19, 0.14) (20.21, 0.09) (20.20, 0.15)

a Excluded instruments are dummies for ranges of lagged money income growth, dummies for ranges of lagged hours
growth, and a dummy for whether head lost job in previous period.p-values are in parentheses.

b All specifications also include year dummies, a dummy for white head of household, and a dummy for female head of
household. Standard errors are in parentheses.
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nant effect. Unfortunately, one cannot esti-
mate separate habit formation and durability
parameters with the PSID data: When even a
simple model of durability is nested in a
model of habit formation, the resulting first-
order condition is too elaborate to be esti-
mated with these data. The durability issue is
most relevant for the constructed proxies for
growth in nondurables and services consump-
tion, some of which reflect behavior with
regard to very durable goods like autos. While
food is most likely completely nondurable at
the annual frequency, one should keep in
mind that the results hinge on the assumption
that preferences are separable in food and
other expenditures. If food were a comple-
ment to other expenditures, the durability of
related goods might affect the dynamics of
food spending.20

Finally, even if the food results reflect habit
formation alone, one cannot be completely
confident that they would generalize to
broader measures of consumption. The key
question—whether the strength of habits in
food is the same as that for the average con-
sumption good— has no obvious answer, with
only limited guidance provided by the exist-
ing literature. Some authors (e.g., Houthakker
and Taylor, 1970) point to physically addic-
tive goods like tobacco as examples of types
of consumption that are strongly habit-form-
ing. Tobacco is not included (at least in prin-
ciple) in the PSID food measures, which
correspond to outlays for “food that you use
at home” and money spent “eating out,” but
some expenditures on alcohol—another po-
tentially addictive good—are likely captured
in the latter component. On the other hand,
Muellbauer (1988) speculates that “habits”
might arise from adjustment costs associated
with changing consumption abruptly in re-
sponse to income shocks. Such an interpreta-
tion opens the possibility that habits are
weaker in food than in other goods since food
decisions are probably less complex and less
interwoven with other aspects of people’s

lives than decisions about spending on many
other types of goods.

APPENDIX A: SIMPLIFYING THE FIRST-ORDER

CONDITION

This Appendix shows that, ifr is constant
andT is large, the first-order condition

(A1) Et @MUi ,t 2 abMUi ,t11#

5 Et @~1 1 r !bMUi ,t11

2 ~1 1 r !ab2MUi ,t12#

implies

(A2) EtF ~1 1 r !b
MUi ,t11

MUi ,t
G 5 1.

The proof borrows heavily from Hayashi’s
(1985) proof. An alternative derivation is pro-
posed by Muellbauer (1988) and used by
Deaton (1992).

Rewrite equation (A1) as:

(A3) Et @~~1 1 r !bMUi ,t11 2 MUi ,t !

2 ab~~1 1 r !bMUi ,t12 2 MUi ,t11!# 5 0.

Let

(A4) t yi ,t1k 5 Et @~1 1 r !bMUi ,t1k11

2 MUi ,t1k#,

so that (A3) becomes

(A5) t yi ,t 2 ab t yi ,t11 5 0.

Condition (A5) must hold throughout life, im-
plying

(A6) syi ,s 2 absyi ,s11 5 0

s 5 t, t 1 1, ... , t 1 T 2 1,

20 For example, this might be the case if one ate in
high-priced restaurants only if one had expensive cloth-
ing.
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and syi ,t1T 5 2Es[MUi ,t1T]. Applying the
expectations operator at timet to (A6) yields:

(A7) t yi ,s 2 ab t yi ,s11 5 0

s 5 t, t 1 1, ... , t 1 T 2 1.

Now substitutexi ,t 5 tyi ,t1t into equation (A7)
to obtain:

(A8) xi ,s2t 2 abxi ,s2t11 5 0.

(A8) is a first-order difference equation inxi ,
with general solutionxi ,t 5 [(1/ab)txi ,0]. Un-
der the reasonable assumptions 0, b # 1 and
21 , a , 1, the equation is divergent andxi ,0
is small relative to the terminal value.21 If T 5
`, xi ,0 5 0, implying that

(A9) EtF ~1 1 r !b
MUi ,t11

MUi ,t
G 5 1.

APPENDIX B: DATA CONSTRUCTION METHODS

Proxies for Growth in Consumption of
Nondurables and Services

As Skinner (1987) emphasized, the PSID has
information not only about food expenditures, but
also about several other variables that are related
to household consumption: the market value of
owned homes, rent payments, utility payments,
and the number of automobiles owned by the
household. To combine these variables into prox-
ies for growth in nondurables and services con-
sumption, I usedConsumer Expenditure Survey
data to estimate regressions of the form:

D ln ci ,t 5 X i ,tb 1 ei ,t ,

whereci ,t is total consumption expenditure mi-
nus spending on house furnishings and equip-

ment, purchases of autos, motorcycles, boats,
and mortgage payments, plus the imputed rental
value of owned homes (which is assumed to be
6 percent of market value), all divided by the
PCE deflator for nondurables and services.X i ,t
represents some or all of the following vari-
ables: a constant term, the log difference of
expenditures for meals at home deflated by the
CPI for food at home, the log difference of
expenditures for meals away from home de-
flated by the CPI for food away from home, the
log difference of the market value of owned
home divided by the PCE deflator for space rent
on owner-occupied dwellings, the log difference
of rental payments divided by the PCE deflator for
space rent on tenant-occupied dwellings, the log
difference of utility payments divided by the CPI
for fuel and other utilities, and the difference in
number of autos owned by the household (maxi-
mum autos per household equals two). The esti-
mated coefficients from the regressions were then
used as weights to add up the corresponding vari-
ables from the PSID, producing proxies for
growth in nondurables and services.22

I drew the data from the 1985 CEX panel,
which contains information from the 1985:Q1
through 1986:Q1 interviews. Each house-
hold’s expenditures are recorded in the survey
for four consecutive quarters; that household
then leaves the sample and is replaced by a
new household. Thus, one cannot construct
annual changes in expenditure variables, as
in the PSID. Instead, I used three-quarter
changes in the relevant variables, seasonally
adjusting the levels using seasonal factors
obtained by regressing the levels on quarterly
dummies.23 I also dropped households with
extremely low (,$2,000) and extremely high
(.$100,000) annualized consumption, house-
holds with food expenditures equal to zero,
households with top-coded rent or house

21 The restriction on the rate of time preference, 0, b #
1, is standard in the literature.a # 21 is implausible
because it would imply that durable goods provide less
utility in the period they were purchased (periodt) than they
do in the subsequent period (periodt 1 1). Similarly,a $
1 is implausible because it makes no sense for habit forma-
tion to be so strong that periodt expenditures affect utility
in period t 1 1 more than periodt 1 1 expenditures do.

22 Skinner’s (1987) original analysis related thelevel of
consumption to thelevelsof the different components. The
components explained about 80 percent of the total cross-
sectional variance in CEX consumption. But, this does not
imply that changes in the fitted value of the Skinner equa-
tion will capture changes in consumption well. Since the
dynamics of consumption over time are the key determinant
of the estimated strength of habit formation, I based my
proxies onchangesin the components.

23 Very similar results were obtained using one-quarter
and two-quarter changes.
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value information, and households with heads
younger than 19 years. The resulting sample
contained 1,595 households.

The adjustedR2 statistics for the proxy re-
gressions ranged between 0.16 (for the regres-
sion that included only food variables) and 0.30
(for the regression that included all the vari-
ables). All of the independent variables were
significant at better than the 1-percent level in
all cases. More detailed results are available
upon request.

One potential problem with the proxies is that
I use data from only the 1985 CEX panel to
estimate the weights. I thus assume that the
relationship between changes in the compo-
nents and changes in consumption of nondura-
bles and services is fixed for the period from
which the PSID data are drawn. Such an as-
sumption would be violated if, for example,
income elasticities for different goods changed
over this period.24 Unfortunately, we cannot
explore how the relationship may have changed
over the PSID period because the CEX is not
available for much of it.25 However, I did rees-
timate the above regressions with data from
several CEX panels from the mid- and late
1980’s and found fairly small changes in the
coefficients over this period. More important,
alternative proxies constructed with the coeffi-
cients from these other regressions yielded sim-
ilar results concerning the strength of habit
formation.

Other Constructed Variables

1. Growth in Food Expenditures.—The log
difference of the sum of (1) expenditures for
meals at home and the value of food stamps
received deflated by the CPI for food at home,
and (2) expenditures for meals away from home
deflated by the CPI for food away from home.
Following most previous authors, I interpreted

the food variables as corresponding to con-
sumption during the month in which the PSID
interview took place and constructed the defla-
tors accordingly.

2. Growth in Number of Adult Male Equiv-
alents in the Household.—The log difference of
“annual food needs” divided by the cost of food
needed to feed an adult.

3. Dummies for Growth in Real Money In-
come.—Growth in real money income equals
the log difference of “family money income”
deflated by the CPI. Eight dummy variables
were defined, each taking the value 1 if growth
in real money income fell in a particular range.
(Table 1 shows the different ranges.)

4. Dummies for Growth in Hours Worked by
Family Members.—Growth in family member
hours equals the log difference of the sum of
“annual hours working for money” for the head,
spouse, and others. Eight dummy variables
were defined, each taking the value 1 if growth
in hours fell in a particular range. (Table
1 shows the different ranges.)

5. Dummy for Head Losing Job Involun-
tarily.—The variable equals 1 if the head has
become unemployed since the previous period
because (1) “company folded/changed hands/
moved out of town; employer died/went out of
business,” (2) “strike; lockout,” or (3) “laid off;
fired.” A similar variable can be constructed for
the spouse, but it is not available for the full
estimation period. Regression results based on
an instrument set including this variable and a
shorter estimation period are not significantly
different from those presented.

6. Dummies for the Ratio of Lump-Sum Re-
ceipts to Money Income.—The ratio equals the
midpoint of the bracket of reported lump-sum
receipts divided by “family money income.”
Dummy variables were defined, indicating
whether the ratio was less than 0.1, between 0.1
and 0.2, between 0.2 and 0.5, between 0.5 and
1, or greater than 1.

7. Log of the Real After-Tax Interest Rate.
—ln(1 1 r ) 5 ln(1 1 i (1 2 t) 2 p) for the
first six months of the year. This timing was

24 To the extent that changes in the relationship were
related to factors that affect all households roughly equally,
the analysis will likely be unaffected because the year
dummies included in most specifications control for aggre-
gate shocks.

25 The ongoing CEX panels are available only since
1980, and there are data quality concerns about some of the
panels in the early 1980’s.
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selected because most PSID interviews are con-
ducted between January and June.p is the CPI
inflation rate for this period.t is the household’s
marginal tax rate for this period.i is the average
12-month Treasury bill rate for the first half of
the preceding year.

Sample Selection

Most of the analysis uses data from 1974
through 1987. Although the PSID data set spans
a much longer time range, the interpretation of
some of the food variables is unclear prior to
1974, and the food questions were suspended
for several years after 1987.

Various households were excluded from the
sample: those that began the survey as part of
the special poverty sample, those that had one
or more “major assignments” to the relevant
expenditure variables, and those that had one or
more “outliers” during the sample period [de-
fined, as in Zeldes (1989), as an observation for
which consumption grows by more than 300
percent or falls by more than 66 percent].26

The sample also excluded certain observa-
tions. To capture only households that were
acting as a unit over time, I excluded observa-
tions for which either the head or spouse was
different than in the preceding period. I also
excluded observations for which the household
head is retired because lagged changes in in-
come and hours growth are good instruments
for lagged consumption growth only if house-
hold heads are not retired.

The sample used for many of the estimated
specifications contains 27,188 observations
from 3,153 households with as many as 13
observations of growth in food expenditures
each. The sample used in column (3) of Table
2 is smaller because the PSID marginal tax
rate variable was not available for all years.
The sample used in column (6) of Table 3 is
smaller because the variables corresponding
to work missed because of illness were not
available in all years. Finally, some of the

samples used in Table 4 were smaller because
the proxies were not defined in years in which
the current or lagged value of one components
took the value zero. (The exception here is
when both current and lagged values were
zero; in this case, I set the log difference to
zero.) In addition, not all of the component
series were available over the complete sam-
ple period: The number of automobiles owned
was missing for 1974 and 1987, and previous
year’s utility payments were missing between
1974 and 1976.
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