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Abstract

Consumption Euler relations are estimated with data from the 1986-1991 US Con-
sumer Expenditure Survey without creating a synthetic panel. The stochastic implications
of the permanent income hypothesis generally are not rejected, and there is little evidence
of liquidity-constrained or rule-of-thumb behavior. The results are robust with respect to
consumption category, changes in sample, and choice of instruments. © 1999 Elsevier
Science B.V. All rights reserved.
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1. Introduction

The US Consumer Expenditure Survey (CEX) seems an especially promising
data set for testing the permanent income/life cycle hypothesis (PILCH) at
a microeconomic level. The CEX follows households for fifteen months, collect-
ing information about expenditures on durable goods and nondurable goods
and services, household assets and income, and various socioeconomic vari-
ables. There are approximately 500 types of expenditure data and 20 types of
income data available for each household in the CEX. The CEX offers much
more comprehensive measures of consumption than previously available data
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sets, such as the Panel Study of Income Dynamics (PSID). We use the CEX here
to test consumption Euler equations.

Attanasio and Weber (1995) have used the CEX to test PILCH. They
construct a synthetic panel by chaining together the underlying data to intro-
duce a time element into data that otherwise are only cross-sectional. The
chaining is done by grouping households by year of birth of the household head.
These groups constitute random samples of each birth-year cohort in the
population, allowing the researcher to follow the cohorts across various years of
the survey. The individual households within the groups change as time passes,
but, under certain identifying assumptions, the group data can be treated as
panel data.? Attanasio and Browning (1995) and Browning et al. (1985) apply
the same method to the UK. Family Expenditure Survey (FES) data, which asks
households to keep a diary of expenditures on all goods over a two-week period,
after which the household is replaced by a new household. Attanasio and his
coauthors obtain results supporting PILCH; Browning, Deaton and Irish ob-
tain results that support PILCH at a gross level but reject it at a finer level.

The synthetic panel approach is interesting, but its strength is also its weak-
ness because it amounts to an aggregation procedure and thus vitiates the micro
nature of the underlying data. Treating the aggregated data as if they were panel
data requires identifying assumptions not obviously more appealing than those
needed with other types of aggregate data.’

In this paper, we use the CEX to test consumption Euler equations without
creating a synthetic panel. Our tests are of a similar nature to those traditionally
examined with the PSID, but our estimation method emphasizes the cross-
section rather than the time series element of the data. The main benefit of our
approach is that we avoid the aggregation problems associated with synthetic
panels. The main cost is that the time dimension of the CEX data is short (one
observation per household, six years of data), so our tests are weakest in
addressing the intertemporal aspects of PILCH. We regard our approach as
a complement to synthetic panels rather than a competitor. The two approaches
have different strengths and weaknesses and thus give different perspectives on
the issues at hand. To the extent that their results agree, we gain increased
confidence in those results; where the results differ, we have discovered areas for
further research.

2See Browning et al. (1985) for details.

3 For example, Attanasio and Weber (1995) remark that they must rely on the assumption that the
underlying population is homogenous over time, an assumption that could be violated if there is
a relation between mortality and wealth. An issue in the growth literature is precisely that there is
such a relation between mortality (and also fertility and migration) and wealth. See Chapter 9 of
Barro and Sala-i-Martin (1995) and the literature cited there. See Moffitt (1993) for a detailed
discussion of identifying assumptions needed for synthetic panel data.
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Our results support PILCH. The overidentifying restrictions implied by
PILCH generally are not rejected, there is no significant evidence of liquidity-
constrained or rule-of-thumb behavior, and the results are robust with respect to
consumption category, changes in sample, and choice of instruments. Our
results and those of Attanasio and Weber (1995) generally agree where they are
comparable. The main differences are that we do not find the interest rate
significant statistically or economically and our utility function is simpler than
theirs.

2. Models of consumption

We first summarize the usual PILCH model and then discuss two specific
alternatives to it.

2.1. The PILCH model

Consumer i chooses the time path of consumption that solves:

T
max Eito Z V(Ci; Hy, ) (1)

t=t,

subject to the budget constraint
Ai, t+1 = (1 + rit)Ait +Y,— Cit (2)

and the terminal condition 4;; = 0, where E;; denotes expectation conditional
on the information set I;,, V() is the utility function, C;, is consumption, H, is
a vector of household characteristics, Y; is real disposable income, A; is
household nonhuman wealth, and r;, is the real after-tax interest rate. This
specification of the household maximization problem treats income as
exogenous to consumption choice. One justification for this treatment is to
suppose that utility is separable in consumption and labor so that the utility
function in Eq. (1) actually is the subutility function for consumption. We
discuss separability in more detail later.

We suppose that the vector of household characteristics H;, comprises three
parts: those characteristics that cause transitory consumption, those that affect
the household’s rate of time preference, and those that affect household choice in
other ways, to be discussed presently. These three components are denoted T,
R;, and X, respectively:

Hit = (Tita Ri) Xit)'

Note that R; does not vary over time. In what follows, we treat T;, as unobserv-
able and thus treat transitory consumption as an unexplained residual. We
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suppose that the household’s rate of time preference p; is a function p(-) of R;, to
be specified later, and that the remaining household characteristics X, affect the
scale of household utility, as discussed later. We thus have the utility function

V(Ci; Hyy t) = U(C) T Xy[1 + p(R)]™ g
Finally, we suppose U(-) is the standard constant relative risk aversion function

cl 7 —1
U(C) =~ ——
—a
If consumer can borrow and lend freely, optimal consumption behavior is
characterized by the usual Euler relation:

E [(1 +7 v )V(Ciy v s Hiy pr 1, t + 1)] = VI(Cis Hy, 1),
or equivalently
A+7 s )V(Coir s Hy pr st 4+ Dy = VI(CigHy, 1), (3)

where ¢; ,; is consumer i’s forecast error in period ¢ + 1. We assume ¢ is
lognormally distributed. If expectations are rational, ¢; ,.; should be uncor-
related with information known at period ¢, so that E;(lng; ,+) = 0. Note that
the expectation is taken over time (t) rather than across households (i). Conse-
quently, the mean of the forecast error converges to zero when the time span of
the panel approaches infinity but not necessarily when the number of house-
holds included in the cross-section approaches infinity. We return to this point
below.

Substituting for V in Eq. (3), taking logs, using the approximation
In(1 + x) ~ x for x small, and rearranging gives

Ci 1+1 1 1 L (Xi 41 Lo (T 41
In[—— | =—7r; ——p. 4+ —Inl —— —In| ——
n< C; ocr”ﬁrl ocpl + o n X + o n T;

1 1 1 1 X;
—&ln &i,t+1 =3 Vi,z+1—&l)i +;1n<)’(—tﬂ> + i, 41, (4)
( it

where

1 T;
Mi, ¢+1 =~ |:IH<LH> +Ing 4 1:|~
o T

Eq. (4) generalizes the usual Euler equation used for estimation in three ways.
First, r; 4+, varies across households. Even if households face the same before-
tax interest rates, they typically face different after-tax rates. Second, variations
in family utility are allowed through the term In(X;, ,+/X;). We follow Zeldes
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(1989) in assuming that In(X; ,+1/X;) takes the form

X; F;,
ln<—X’:1> =T; 111( F:,T) + Mi i+ 1 (5)

where F;; denotes family size. This formulation assumes that household utility is
the sum of individual family members’ utilities, which all have the same form.
Third, the rate of time preference p; varies across households. Lawrance (1991)
argues that p; seems to vary substantially across household groups, so the usual
practice of imposing an identical rate of time preference may be inappropriate.
Following Lawrance (1991), we assume p; is a linear function of the average time
preference rate p, household-specific observables R;, and household-specific
unobservables v;:

pi=p+ R+ v (6)

Substituting Egs. (5) and (6) into Eq. (4) yields the equation for estimation:

Ci Fi

In( —1 = PBo + Biri,¢+1 + B21n L + B3R + € 1415 (7
Cit Fit

where Bo = — p/o, 1 = 1/, B> = /o, 3= —y/o, and e; 41 = 05_1(’71', t+1

—v; — Wi, ++1)- Eq. (7) is an expanded version of the equation Runkle (1991)

estimates with the PSID data.

2.2. Two alternatives to PILCH

Campbell and Mankiw (1990) argue that consumers fall into two groups,
receiving shares (1 — 4) and 4 of total disposable income Y;,. Consumers in the
first group behave according to PILCH as represented by Eq. (7), whereas
consumers in the second group simply consume their current income (“rule-of-
thumb” consumers). Combining the PILCH and rule-of-thumb consumers gives

Ci F;
h’l(%) = BO + Blri’ +1 T BZ 1n< Ftl:—1>

Y;
+ B3R; + By 1n<i,—t+l> +€i 1 t)

it

where B; = (1 — A)f;forj=0,....,3and ¢; ,+; = (1 — A)e;, ;+1. The transforma-
tion to log differences implies that B, is not the fraction 4 of rule-of-thumb
consumers, but as Campbell and Mankiw (1990) explain, Eq. (8) can be viewed
as a log-linear approximation of the true model. Further, it can be considered as
a misspecification test equation that nests the rule-of-thumb alternative. If
consumers in the economy can be represented by a single forward-looking
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permanent-income consumer, the estimated value of B, should not differ signifi-
cantly from zero.

The other major alternative to PILCH is the model of the liquidity-con-
strained consumer, for whom net assets can never be negative. The constraint
Aji; > 0 leads to the modified Euler relation

Eo[(1 +7 0+ )V (Civr Hi pv 1ot + DY c01 = VI(CigHy, 1), )

where ; ;1 > 1 is the Kuhn—-Tucker multiplier associated with the borrowing
constraint. If the constraint does not bind, ; ,.; equals one and the Euler
equation in (3) is satisfied. The Euler equation is

C; F;
ln< JH) = fo+ Piri 41+ P2 111( };H>

Cit it
+ B3R+ i1 + G (10)

where ;4 equals In(y; .+ ,) divided by the left side of Eq. (9) and has the same
properties as V; ,. ;. The more severe the liquidity constraint, the higher the
value of ;1 and therefore the steeper the consumption path compared with
that of the unconstrained case. Also, consumption can never grow more slowly
than in the unconstrained case as long as y; ;4 is nonzero (Zeldes, 1989).

Because y;, ;44 is unobservable, we cannot test directly whether a rejection of
PILCH is due to liquidity constraint. We use the same procedure as Zeldes
(1989) and Runkle (1991) and group the sample households by variables that
might determine whether or not households are liquidity constrained, i.e.,
observable variables correlated with ¥; ;. ;. Zeldes and Runkle propose several
possible criteria for splitting the household sample. We use two of them here:
whether the ratio of total liquid assets to after-tax income is greater than
2 (similar to Zeldes) and whether a consumer owned or rented his residence
(similar to Runkle).*

Indirect criteria to split the sample may do a bad job of separating con-
strained and unconstrained consumers and hence lead to low testing power (e.g.,
Japelli, 1990). However, as Altonji and Siow (1987) and Shea (1995) explain,
liquidity-constrained consumers should respond asymmetrically to income cha-
nges because liquidity constraints bind only when consumers want to borrow,
not when they want to save. Another kind of test for liquidity constraints, then,
is to allow income increases to have a different coefficient on consumption than
income decreases. This test also can distinguish between liquidity-constrained
and rule-of-thumb behavior. Rule-of-thumb consumers, who always consumer
their current income, neither borrow nor save to smooth consumption, whereas

*Given the asset information available in the CEX, we define liquid assets as the sum of checking
and savings accounts, US Savings Bonds, and the estimated market value of stocks, bonds, mutual
funds and other securities.
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liquidity-constrained consumers save when current income is high even though
they are constrained from borrowing when current income is low (Mariger,
1987; Zeldes, 1989; Seater, 1997). If PILCH is rejected because of rule-of-thumb
consumption behavior, consumption should be equally responsive to predicted
income increases and decreases, whereas if liquidity constraints cause the rejec-
tion, consumption should respond asymmetrically to income increases and
decreases. In the empirical section, we allow the positive and negative predict-
able income growth to have different coefficients.

3. Data and estimation issues
3.1. Data

The data used in this study are from the 1986-1991 US Consumer Expendi-
ture Survey (CEX).” The CEX begins in 1980, but there was a change in survey
methodology after 1985, making the pre- and post-1985 data not fully compara-
ble. We therefore have restricted attention to the post-1985 data. The CEX
provides detailed and extensive data on consumption expenditure, income,
socioeconomic, and demographic characteristics of American households. Inter-
viewers visit approximately 4,500 consumer units every three months for a
fifteen-month period. Information collected in the first interview is not available
in the public use tape, so in what follows we refer to the second interview
completed by the household as the first interview. Approximately 500 types of
expenditure data are collected in all the interviews, but questions on incomes are
asked in the first and fourth (last) interviews only. Income values obtained in the
first interview are carried over to the second and third interviews except when
a household member has new employment information or has changed occupa-
tion. In such cases, the earned income history of the consumer unit is reconstruc-
ted over the intervening time period (BLS, 1990). The appendix gives more
details on the CEX’s definitions of consumer units and income.

To estimate Eq. (8), there must be at least two consumption and income data
points for each household in the survey. The CEX data meet this requirement,
and the two observations used are taken from the first and fourth quarterly
interviews. Because Eq. (8) contains logarithms, we include in the sample only
households with positive average income and expenditures in both interviews.

We use the following alternative definitions of consumption expenditure:
nondurable goods and services, food, apparel and services, utilities, transporta-
tion, and medical care. The last five series are the main components of the first

5 The CEX begins in 1980, but there was a change in survey methodology after 1985, making the
pre- and post-1985 data not fully comparable. We therefore have restricted attention to the
post-1985 data.
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series. These components almost certainly are not measured equally well in the
CEX, but the results are much the same across the various components, as we
shall see. Nondurable goods and services are defined as in the US National
Income and Product Accounts. To facilitate comparison with studies that have
used the PSID, we use the PSID’s definition of food expenditures as our
definition of food: expenditures on food at home and away from home and on
alcoholic beverages.

We measure income as disposable income, defined as before-tax income
minus income taxes (federal, state and local), property taxes, deductions for
retirement (social security, government, self-employed, private pensions and
railroad retirement), and occupational expenses. We convert nominal quantities
to real terms with the 1987 base-year CPI deflator. For regressions involving
total expenditure on nondurables and services, we use the general CPI; for
regressions involving a subset of expenditures, such as Apparel and Services, we
use the appropriate commodity-specific CPL

The CEX measures assets only in the last interview. We analyze consumption
changes between the first and last interviews, so the right measure of assets
would be the amount held in the first interview. The CEX procedure therefore
injects an additional element of noise into the measure of assets. We doubt this
extra measurement error is large for most households.

We calculate the real after-tax interest rate r;, for each household using the
formula

Fi = il — 1) — 7,

where i, is the nominal interest rate, 7;, is the marginal tax rate of household i,
and 7, is the inflation rate. This formula reflects the fact that income tax laws
generally do not index interest earnings/payments for inflation. We use the
one-year Treasury bill rate for the nominal interest rate and the ex post growth
rate of the CPI for the inflation rate. There is no information on t;, in the CEX,
so we approximate it for each household by dividing the household’s total
federal, state, and local income taxes paid by the household’s total income
before taxes. This average tax mismeasures the appropriate marginal tax to the
extent that the household’s tax is not proportional. Federal and many state
income taxes are progressive rather than proportional, but even for progressive
income systems, there is a high correlation between average and marginal tax
rates (Seater, 1982). Also, some state income taxes and most non-income taxes,
such as sales taxes, are proportional. Thus the average tax rate may not be a bad
proxy for the marginal rate. Note that r;, varies across the CEX households for
three reasons: households interviewed from 1986 to 1991 are pooled, which
means they face different values of i,, given everything else; 7, varies across years;
and t;, varies across households and years.

We restrict our sample to households with complete interviews and complete
income reports. We exclude households with the reference person engaged in
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farming, forestry and fishing (131 households) because we cannot differentiate
between their consumption and work-related expenditures. We also exclude
self-employed (840 households) because income data for self-employed workers
are known to be seriously underestimated and inaccurately reported. Finally, we
follow previous empirical work in excluding households with extreme changes
in income or consumption to limit the influence of outliers. In most of our
regressions, we exclude any household with income growth over 400% or
consumption growth over 300% , although we also explore the effect of making
no outlier exclusions at all. Our criteria for excluding outliers are weaker than
those used in previous work.°

After we applied these filters, 12,908 households remained in the sample,
distributed approximately evenly over the six years included in the sample (i.e.,
about 2,150 per year). Each household is present for only one year. We thus have
no panel element to our data; rather, we are doing a pooled cross-section, time
series regression. The cross-section dimension is large; the time dimension is
small.

3.2. Choice of instruments

Least squares estimation of Eq. (8) requires that AlnY; ,.; and r; ,+; be
uncorrelated with the compound error term e; ... These conditions are not
likely to be satisfied. The forecast error ¢ arises from new information. Income is
a decision variable, so new information that affects consumption choice also
may affect income choice. The household’s tax rate is effectively a choice
variable, too, because it depends on the household’s income. Also, the tax rate
depends, through deductions, on the kind of consumption expenditures made. It
seems possible — indeed, likely, given that e; .. includes transitory consump-
tion — that the composition of consumption and thus the tax rate depends on
€ ;+1. Thus both AlnY; ,;; and r; ,+; may be correlated with the error term.
These problems are compounded by the fact that the CEX survey is conducted
by recall, not record keeping. It seems possible that errors in recalling consump-
tion, income, and tax payments are correlated, perhaps because households
have different mind sets when answering survey questions.

¢ Altonji and Siow (1987) exclude households whose real food expenditures increase by more than
400% or decrease by more than 75% from the previous year, and those in which real family incomes
increase by more than 500% or decrease by more than 80%. Zeldes (1989) excludes households
whose consumption levels increase or decrease by more than a factor of 3. Runkle (1991) excludes
households whose food consumption grew by more than 300% or fell by more than 75%.
He also excludes farmers, self-employed heads of households, heads of households over 65 years old,
and observations on any household for the year when heads of households were divorced or
married.
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We attempt to overcome these problems by estimating with instrumental
variables. Because the choice of instruments always is somewhat arbitrary,
we use four alternative sets of instrumental variables to help ensure that
the test results are not sensitive to the choice of instruments. The first
set Z1 comprises eight occupational variables, the interaction of occupation
and age, ecight earner composition variables (i.c., which household members
are earners), four regional variables, and the beginning-of-sample
real interest rate. The second set Z2 comprises four regional variables,
eight earner composition variables, human capital variables represented
by six education variables and their interaction with age, and the
beginning-of-sample real interest rate. The third set Z3 comprises four
types of employees, eight earner composition variables, four regional
variables, and the beginning-of-sample real interest rate. The fourth set Z4
combines Z1, Z2 and Z3. Detailed descriptions of the instrument sets are in
Table 1.

These instruments all are known at time ¢. It seems likely that much observed
income change can be explained by human capital, occupation, and region of
the country, and considerably less likely that these variables can explain much of
the residual in consumption change. These instruments thus should be corre-
lated with AlnY; ;,; but not with ¢; ;4. Also, it seems at least possible that
some of the instruments, such as occupation and earner composition, reflect
household tastes and thus may explain the household’s choice of income level
and composition of consumption. We hope that these variables thus are cor-
related with the tax rate component of the real interest rate but uncorrelated
with & ;4.

Finally, there is no recall error associated with any of these variables, so
they should not be correlated with household recall errors concerning consump-
tion.

3.3. Aggregate components in the error term

There may be an aggregate time-specific component in ¢; ,; ;. Such a com-
ponent could arise, for example, from unanticipated macroeconomic shocks that
lead all households to make common mistakes in forecasting future economic
variables (Mariger and Shaw, 1993). When ¢ .., contains an aggregate com-
ponent, the mean of the forecast error converges to zero as the time series
observations per household in the panel go to infinity but not necessarily as the
number of households included in the cross-section goes to infinity. Ignoring
such an aggregate component can lead to inefficient and perhaps even inconsist-
ent parameter estimates, so we include period dummies in our regressions to
capture the effects of aggregate shocks (Chamberlain, 1984; Hayashi, 1985).
There is one dummy for each month of each year covered by our sample.
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Table 1
Instrument sets

Instrument sets Z1

8 occupation variables
Managerial and professional specialty; Technical, sales, and administrative support; Service;
Farming, forestry, and fishing; Precision production, craft, and repair; Operators, fabricators,
and laborers; Armed forces; Self-employed

Occupation variables interacted with age

8 earner composition variables
Reference person only; Reference person and spouse; Reference person, spouse and others;
Reference person and others; Spouse only; Spouse and others; Others only; No earners

4 region variables
Northeast; Midwest; South; West

Instrument set Z2

7 education variables
Elementary; Less than High School graduate; High School graduate; Less than College
graduate; College Graduate; More than 4 years of college; Never attended school

Education variables interacted with age

8 earner composition variables
Reference person only; Reference person and spouse; Reference person, spouse and others;
Reference person and others; Spouse only; Spouse and others; Others only; No earners

4 regional variables
Northeast; Midwest; South; West

Instrument set Z3

4 types of employees:
Employee of a private company, business or individual working for wages or salary; A Federal
government employee; A State government employee; A Local government employee; Self-
employed in own business, professional practice or farm

8 earner composition variables
Reference person only; Reference person and spouse; Reference person, spouse and others;
Reference person and others; Spouse only; Spouse and others; Others only; No earners

4 region variables
Northeast; Midwest; South; West

Instrument set Z4
All variables in Z1, Z2 and Z3

A dummy takes the value of one if a household’s final interview occurred in that
month and takes the value of zero otherwise.”

The interpretation of time dummies in a cross-sectional regression depends on
the identifying restriction one imposes. The traditional identifying restriction is

7The CEX is a rotating panel in which households are replaced each month. Even though
households are interviewed once a quarter, the quarters pertinent to households generally are not
identical to quarters of a calendar year, which is why we need monthly dummies even though the
data sampling intervals are three months long.
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to assume that the informational error component ¢; 4 ; contained in e; ,+{ can
be additively decomposed into an aggregate part, common to all households,
and a household-specific part. The time dummy then captures the aggregate
part. An alternative identifying restriction is to assume complete markets. In
that case, the informational error component ¢; ;4 is zero, and e; ;. ; consists
only of transitory consumption and other specification errors. The time dum-
mies then can be interpreted as the change in the price of contingent claims. See
Altug and Miller (1990) and Miller and Sieg (1997) for discussions of these issues.

As always, choice among identifying restrictions is somewhat arbitrary. We
consider the assumption of complete markets more incredible than the assump-
tion of an additively-decomposable error, so we adopt the traditional identifying
restriction. We thus interpret our time dummies as capturing the aggregate
component of the error term.

An advantage of the synthetic panel approach discussed in the Introduction
and used by several authors is that it avoids the issue of aggregate shocks
entirely. By including many time periods, the method can suppose that aggreg-
ate shocks average out, that is, that we really are taking an expectation over time
rather than just across households. To succeed, however, must be long enough
for any aggregate shocks to average out. As we mentioned earlier, the CEX
begins in 1980 but has a break in methodology between 1985 and 1986. Thus we
have only six years of consistent data (either 1980 to 1985 or 1986 to 1991). In
our judgement, such a span is much too short for one to believe that aggregate
shocks have averaged out.

It is not obvious whether our identifying restrictions are more or less plausible
than the identifying restrictions required for a synthetic panel (see the discussion
in the Introduction). All one can say with confidence is that the restrictions are
different. The two approaches thus provide different perspectives on validity of
PILCH. Where they agree, the two approaches increase confidence in the results
obtained; where they differ, they suggest avenues for future research.

3.4. Household-specific components in consumption

Household consumption may be explained in part by variables specific to the
individual household. Such household-specific influences would cause heterogen-
eity in the compound error term, so we attempt to capture them in Eq. (8) with the
taste and time preference variables F and R discussed earlier. The scale variable
F is the logarithmic change in family size; the vector of variables R determining
the rate of time preference are the logarithm of age and dummies for race
(white = 1; non-white = 0) and sex (male = 1; female = 0) of the household head.

3.5. Separability of utility

In some of our regressions, we estimate Eq. (3) using a component of total
consumption expenditure, such as transportation or food, as the dependent
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variable. This procedure is legitimate only if utility is separable in the various
components of consumption. Testing for such separability is difficult. Varian
(1982) has proposed non-statistical tests, but we do not attempt to apply them
here. We thus regard our results for such regressions as tentative.

We also have assumed that utility is separable in consumption and labor so
that we can analyze consumption alone. If this assumption is violated and labor
supply is correlated with income, we probably would observe that consumption
is excessively sensitive to changes in income (Deaton, 1987), but this apparent
evidence against PILCH would reflect failure of the auxiliary separability
assumption rather than of PILCH itself. We examine the adequacy of our
separability assumption in the following manner. Using the utility function

1- 1-
cin L

V(Ci, Li; Hyy, t) = l—al—p

XuTiW(1 4+ p)"

in Eq. (3), where L;, is labor supply of individual i at period t, we can take logs
and apply Taylor’s approximation to obtain an estimating equation similar to
Eq. (4) but with the change in labor supply as an additional regressor. We
estimate a version of Eq. (4) that includes the change in the annual number of
hours work of the household head to examine the sensitivity of B, to the
assumption that utility is separable in consumption and labor.

4. Empirical results

We now turn to our estimation results.

4.1. Instrument adequacy

Nelson and Startz (1990) show that IV estimation can be misleading if the
instruments are weakly correlated with the original variables. In the empirical
analysis, we use both the adjusted R? and F-statistics from the first stage
regression to determine the forecasting power of the instruments. Rows 8 and
9 of Table 2 report the adjusted R statistics from the regressions of AInY;
and r; on the instruments; p-values for F-tests of the joint insignificance of the
instruments are in brackets.® In the r; regression, the adjusted R? statistics are

8 For the case with one right-hand side variable and one instrument, Nelson and Startz noted that
the R? statistic obtained from the first-stage regression should be strictly greater than 2/N, where
N is the sample size, to avoid an erroneous inference. They also noted that the 2/N criteria may not
be directly applicable for the case of multiple explanatory and instrumental variables, as in this
study. Nonetheless, it is encouraging to note that the adjusted R* we obtained are greater than 2/N,
as required in the simple one-instrument case.
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high and the F-test of joint insignificance rejects the null for every instrument set.
In the AlnY;_, . regression, the adjusted R statistics are low for every instrument
set but nevertheless the F-test for joint insignificance of the instruments rejects the
null in all cases. The instrument sets therefore perform adequately, although it
would be better if the adjusted R* were higher in the AlnY; ,; regression.

4.2. What to expect in the estimation

Before we proceed to the estimation results for the Euler equation, we should
discuss what we can expect from them. If PILCH is correct, coefficient B, in
Eq. (8) will be statistically insignificant. The other explanatory variables in Eq. (8)
are the interest rate r;, the change in the family size variable F;, and the vector
R; of possible determinants of the household rate of time preference. For the
moment, ignore F; and R;, so that only r; remains. Can we expect r; to be
significant? Using the PSID, Runkle (1991) finds that it is. However, the PSID has
a much longer time-series component than does the CEX. Our sample spans only
six years, and for any given household, the CEX only spans four quarters.
Consequently, in our regressions most of the variation in r;, arises from cross-
section differences in marginal tax rates, which are not very large. Even if r;, really
is important in household intertemporal allocations, it may be insignificant in our
regressions simply for lack of variation.” In that case, Eq. (8) would reduce to
a regression of the change in consumption on the error term, as in Hall (1978),
which of course would have an R? of zero and an adjusted R? that was slightly
negative. Even if there is enough intertemporal variation to make r; significant,
most of the variation in our data is cross-sectional, so the adjusted R? still should
be quite low. Finally, it seems quite possible that the family size and time
preference variables F;; and R; will explain a small part of the change in consump-
tion even if they are statistically significant. We can expect, then, a very low
adjusted R? if the PILCH model is correct. If PILCH is false and B, is significant,
then the adjusted R-squared may be large. The tests of the model, however, are
not the size of the adjusted R* in Eq. (8) but rather whether or not the overiden-
tifying restrictions are satisfied and whether B, is statistically insignificant.

4.3. Tests of the basic model

We have estimated Eq. (8) with and without time dummies. The F-statistics for
the hypothesis of joint insignificance of all time dummies is reported in the last line

9 Also, as noted earlier, there is some error in our measure of marginal tax rates. One possible
alternative is to use a tax-exempt interest rate, but we doubt that would be any better than what we
have done because so few households own tax-exempt securities and those that do are almost entirely
in the upper end of the income distribution, rendering them unrepresentative.
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of Table 2. The dummies as a group are statistically significant for all instrument
sets and all consumption groups except medical expenditures. The significance of
the time dummies means that aggregate shocks are not negligible; however, the
coefficient estimates and all other test results are much the same whether or not
time dummies are included. Thus, aggregate shocks seem to be statistically but
not economically significant. This result is consistent with Pischke’s (1995) finding
that the aggregate phenomena account for only a small part of the variation in
household income.

Table 2 presents the two-stage least squares estimates of Eq. (8). The main test
of PILCH is whether B,, the elasticity of consumption with respect to current
income, is significant. For total nondurable goods and services expenditure, the
estimated values of B, range from 0.013 to 0.215 but are insignificant at the 5%
level in all instrument sets, as PILCH predicts.!® Table 2 also reports results of
tests of the overidentifying restriction that the residuals obtained from the second
stage regression are uncorrelated with the instruments. PILCH predicts a zero
correlation. If the overidentifying restrictions are valid and the residuals are
homoscedastic, then N (sample size) times the R? from a regression of the second
stage residual series on the instruments is asymptotically > distributed with
(k — z) degrees of freedom, where k is the number of instruments and z is the
number of estimated parameters (Hansen, 1982). The p-values of the y? statistics
show that the data never reject the overidentifying restrictions at the 90%
level. Thus PILCH passes this test, too. The same results emerge from the
regressions using subsets of consumption expenditure. The estimates of B, are
statistically insignificant for all expenditure groups; they usually are of small
magnitude except for transportation, for which they are of moderate magnitude.'*
Also, the overidentifying restriction never is rejected.

The estimated intertemporal substitution elasticity B, is small for all cate-
gories of consumption, never exceeding 0.03, and usually is statistically insig-
nificant at the 5% level. These results provide no support for the hypothesis that
consumers move consumption across periods as a result of changes in their
expected real returns and is consistent with Hall’s (1988) findings that B, is small
and likely to be zero. In contrast, Shapiro (1984) and Zeldes (1989), using PSID
data, report values of B; that are relatively large but often statistically insignifi-
cant, and Runkle (1991), also using the PSID, found B; to be approximately 0.50
and statistically significant. Attanasio and Weber (1995), using a synthetic panel
constructed from the CEX, obtains a significant effect of the interest rate. As

10 These estimates are within the range found in other studies, e.g., 0.17 in Japelli and Pagano (1989),
0.56 in Campbell and Mankiw (1990), 0.20 in Hall and Mishkin (1982), and 0.28 in Delong and
Summers (1986).

1 Shea (1994) found similar results using US aggregate transportation expenditure data. Our
results, however, do not support his conclusion that PILCH cannot be rejected using food consump-
tion but can be rejected using other components of consumption.
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mentioned earlier, our finding of a small and insignificant coefficient may only
reflect lack of enough intertemporal variation in the data to make a test of
significance informative.

The results for the taste and time preference variables depend somewhat on the
measure of consumption used. The coefficient on race is positive and statistically
significant for total nondurables and services and for transportation but is
insignificant for all other subcategories of expenditure. These results give only
mixed support to Lawrance’s (1991) finding that nonwhite households
have higher time preference rates and thus flatter consumption profiles than
white households. Age is significant for food, utilities, and medical care but
not for the other categories or for total nondurables and services. The sex
variable is insignificant for all categories except half the time for food. At
least one time preference variable is significant for every category of expenditure
except clothing. Our taste variable, change in family size, has a statistically
significant positive effect at least some of the time on all categories except
transportation.

One can argue that households whose incomes fluctuate the most are likely not
to behave according to PILCH. Consequently, our excluding from the sample
households with income or consumption changes of more than 400% or
300%, respectively, may bias our results toward PILCH. We therefore re-
estimated the model without excluding households with large changes in income
or consumption, but the results were virtually unchanged.

We also tested our auxiliary assumption that utility is separable in consump-
tion and labor by reestimating Eq. (8) with a labor supply variable AlnL; ;4
(the change in annual number of hours worked) added. This variable is
significant only in food regressions, and the estimated value of By is affected only
marginally and remains insignificant in most cases. Our separability assumption
seems valid.

The results in Table 2 thus provide strong support for PILCH. Also, our
results generally agree with those of Attanasio and Weber (1995), obtained
with a synthetic panel constructed from the CEX. They, too, find support
for PILCH and find that changes in family composition are important
explanatory variables. The main differences between our results and theirs
are that (i) they obtain interest rate coefficients larger than ours and
sometimes significant, and (i) we obtain agreement with PILCH using a
much simpler utility function than theirs. Attanasio and Weber present
evidence that they obtain significant interest rates precisely because they allow
a more complicated utility function than our simple CRRA. To obtain reliable
estimates of the intertemporal parameters of such a function, one almost
certainly needs data with a considerably longer time dimension than ours
contain. Attanasio and Weber’s use of a synthetic panel provides this dimension,
but as we argued earlier, it is not obvious this benefit outweighs the synthetic
panel’s costs.
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4.4. Tests for liquidity-constrained behavior

Although the foregoing results show that B, is not significant for the entire
sample, they do not necessarily imply that all households behave according to
PILCH. Following Zeldes (1989) and Runkle (1991), this section explores the
possibility that the model may be rejected for groups of households likely to be
liquidity-constrained.

We divide households in the CEX into three groups: (a) those whose total liquid
assets exceed their two-month after-tax income, i.e., households unlikely to be
liquidity-constrained; (b) those with no total liquid assets, i.e., households likely to
be liquidity-constrained; and (c) those for whom the ratio of total liquid assets to
two-month after-tax income is between zero and one. We then omit households in
group (c) to minimize the possibility of falsely including unconstrained households
in the no-asset group or including constrained households in the high-asset
group.'?

Table 3 presents some of the characteristics of the two household groups used
in our sample. There are 1,440 households with no liquid assets and 4,153
households with liquid assets greater than their two-month after-tax annual
income. Households with no liquid assets have lower average annual income and
are relatively younger, less educated, and more likely to be non-white. They also
mostly are headed by a female, have no earners, have larger family sizes, and live
in the southern part of the United States.

If liquidity/borrowing constraints are an important source of departure from
PILCH, then income changes should have positive and significant effects in
explaining consumption growth in the no-asset (constrained) group but not in the
high-asset (unconstrained) group. Table 4 shows the estimates of B, for the two
household groups and the various measures of consumption. In all cases but one,
B, is statistically insignificant.

Runkle (1991) suggests dividing the sample by housing tenure on the grounds
that renters are more likely than homeowners to be borrowing-constrained.
Table 5 reports the estimates of B, for renters and owners; B, is significantly
different from zero in only two cases.

Table 6 reports two estimates of B,, By and B, in which income growth is
subdivided into increases and decreases. Under liquidity constraint, consumption
should be more responsive to income increases than decreases (Bf > B} ), and at
least B and possibly B; should be significantly different from zero. Under
rule-of-thumb, on the other hand, consumption should be equally responsive to
income increases and decreases (B = B;), and both Bf and B; should
be significantly different from zero. In fact, however, none of the estimated

12 Also, we exclude households flagged by the survey interviewer as giving invalid responses about
liquid asset information.
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Table 3
Characteristics of 1986-1991 CEX households

$0 liquid asset High liquid asset
(N = 1,440) (N =4,153)
Annual income $11,127 $27,829
Age 25 and below 130 (9%) 114 (3%)
25-65 996 (69%) 2840 (68%)
65 and above 314 (22%) 1,199 (29%)
Race White 888 (62%) 3,922 (93%)
Non-white 552 (38%) 274 (7%)
Sex Male 676 (47%) 2,928 (711%)
Female 764 (53%) 1,225 (29%)
Region Northeast 307 (24%) 783 (21%)
Midwest 287 (22%) 946 (25%)
South 491 (38%) 984 (26%)
West 211 (16%) 1,029 (27%)
Education Elementary 429 (30%) 366 (9%)
less than High School 373 (26%) 395 (10%)
High School Graduate 433 (30%) 1,178 (28%)
less than college 150 (10%) 883 (21%)
College graduate 34 (2%) 639 (15%)
More than college 21 (2%) 692 (17%)
Family size 1 369 (26%) 1,150 (27%)
2 329 (23%) 1,517 (37%)
3 254 (18%) 664 (16%)
4 196 (13%) 522 (13%)
5 144 (10%) 228 (5%)
6 and more 148 (10%) 72 (2%)
No. of earners 0 530 (37%) 1,019 (25%)
1 518 (36%) 1,368 (33%)
2 298 (21%) 1,335 (32%)
3 and more 94 (6%) 431 (10%)

coefficients is statistically significant except BJ for the Z4 instrument set in
transportation expenditures.

We find virtually no evidence that either borrowing constraints or rule-of-
thumb behavior is significant in explaining consumption.

5. Conclusion

We have used comprehensive US household expenditure data from the
1986-1991 Consumer Expenditure Survey (CEX) to test the permanent
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income/life-cycle hypothesis (PILCH) against the alternative hypotheses of rule-
of-thumb and liquidity-constrained consumers. Because the raw CEX data have
a time dimension, the CEX has elements of a panel data set. We thus have
conducted our test without having to resort to construction of a synthetic panel.

Our principal finding is that consumption behavior is consistent with PILCH.
In particular, we find no evidence that current income movements cause changes
in total consumption of nondurable goods and services or in several subcategories
of consumption. Also, the results offer no support for the hypothesis that liquidity
constraints affect consumption significantly. These results confirm and complement
the findings of several previous studies that used micro data, but our results also are
an advance in that our data set is much more comprehensive than the often-used
PSID and because we have not had to rely on the identifying assumptions
necessary for the validity of the synthetic panels that some studies have used.

Appendix A. Some details of the CEX data

A ‘consumer unit’ in the CEX consists of either (i) two or more people, usually
living together, who are related by blood, marriage, adoption, or some other
legal arrangement, and who pool their income to make joint expenditure
decisions, or (ii) a person living alone, sharing a household with others, or living
as a roomer in a private home, lodging home, or hotel, and who is financially
independent. In each such unit, a reference person is identified as the person
identified by the respondent when asked to start “with the name of the person or
one of the persons who owns or rents the home” (US BLS, 1990). We have used
the term ‘household’ to mean ‘consumer unit’.

The CEX defines household income before-tax as the sum of regular income
(wages and salaries, income/loss from farm and nonfarm business, social secur-
ity, railroad retirement, pensions, workmen’s compensation, interest on savings
accounts and other assets, rental income and income from roomers, and regular
support from alimony), value of in-kind benefits (unemployment compensation,
food stamps, and public assistance or welfare payments), and other income
(money received from care of foster children, cash scholarships and fellowships,
and stipends not based on working). To protect the confidentiality of survey
participants, a topcoding procedure is used in which all incomes over $100,000
are lumped together and reported as $100,000. This topcoding procedure seems
unlikely to affect our estimation results because few households earn more than
$100,000.
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