VARIABILITY OF DURABLE AND NONDURABLE
CONSUMPTION: EVIDENCE FOR SIX O.E.C.D. COUNTRIES

Jordi Gali*

Abstract—We estimate consumption variabihity ratios for both
durables and nondurables consumption, using data for six
OECD countries Our methodology, which relies on a long-run
restriction imphied by the consumer’s intertemporal budget
constraint, overcomes many of the problems inherent to previ-
ous approaches. Some important departures from the perma-
nent income model emerge: (1) nondurables consumption
shows mild excess smoothness in the United States and Italy,
and mild excess volatility in Japan and France, and (ii) durables
consumption shows extreme excess smoothness in all coun-
tries Alternative factors capable of generating the differences
in volatility across types of goods are discussed.

I. Introduction

ODERN formulations of the permanent

income model, as developed in Hall (1978)
and Flavin (1981), provide an essential reference
framework for understanding the dynamic behav-
ior of consumption and savings. Because of the
important role played by those variables in busi-
ness cycle models, a large amount of work has
been devoted to developing tests of the perma-
nent income hypothesis (PIH), and to characteriz-
ing and interpreting the rejections of that hypoth-
esis detected in the data.

Much of the recent work has focused on two
departures from the permanent income model: (i)
consumption changes are predictable (Flavin
(1981)), thus violating the martingale property
implied by the PIH, and (ii) consumption appears
to be smoother than is implied by the permanent
income model (Deaton (1987)). One can interpret
many recent papers in this area as attempts to
explain both puzzles by introducing features like
liquidity constraints (Campbell and Mankiw
(1989)), unobservable components in income

Recewved for publication June 7, 1991. Revision accepted
for publication June 19, 1992.

* Columbia University

A previous version of this paper was circulated under the
title “International Evidence on Consumption Vanability 7 1
am grateful to participants at the CEPR International
Macroeconomics Programme Meeting (El Esconal, 1991), the
discussant Samuel Bentohla and two referees for useful com-
ments and suggestions. I also thank Joon-Ho Hahm for valu-
able research assistance. I am solely responsible for any
remaining errors and misinterpretations.

Copyright © 1993

(Quah (1990)), unrestricted information sets
(Campbell and Deaton (1989), West (1988)), and
finite horizons (Clarida (1988), Gali (1990)),
among others.

In the present paper we revisit and extend the
evidence on aggregate consumption’s relative
variability, i.e., the extent to which aggregate
consumption is smoother or more volatile than is
justifiable on the basis of news about current and
future income.

Our approach builds on Gali (1991). The
econometric strategy developed in that paper al-
lows one to identify and estimate measures of
permanent income variability which rely on rela-
tively weak assumptions and thus avoid some of
the shortcomings of previous approaches. Briefly,
Gali (1991) shows that, as long as the intertempo-
ral budget constraint is met, the autocorrelogram
of consumption changes provides all the informa-
tion required to make inferences on the vari-
ability of unobservable permanent income in-
novations. The results in Gali (1991), based on
postwar U.S. data, imply that the variability in
nondurables and services consumption is about
70% of that predicted by the PIH model. Simple
departures from the basic version of that model
—e.g., habit formation or liquidity constraints—
were shown to be capable of explaining the ob-
served excess smoothness.

Here we extend the analysis in Gali (1991) in
two main directions. First, we show how the basic
framework can be modified to simultaneously en-
compass consumption of both durables and non-
durables, where the latter will henceforth include
both nondurable goods and services. Under some
assumptions, we can construct two statistics that
measure the extent of excess smoothness or ex-
cess volatility in nondurables and durables con-
sumption independently. Second, we apply our
approach to consumption data for the United
States, as well as a number of O.E.C.D. countries
for which appropriate data are available. That
cross-country evidence is used, following Jappelli
and Pagano (1989) and others, to assess the plau-
sibility of the liquidity constraints hypothesis.
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VARIABILITY OF DURABLE AND NONDURABLE CONSUMPTION

II. A Theoretical Framework for the Time
Series Analysis of Durables and
Nondurables Consumption

A. A Benchmark Permanent Income Model

We start by developing a simple version of the
permanent income model which integrates both
durable and nondurable goods consumption.

The representative consumer solves the follow-
ing optimization problem:

max Ey ¥ (1+ p) ~(Uy(en,) + Fi(k,))
(=0

subject to

w,+1=w,(1+r) +yt'—(cnt+("dt) (1)
k,=k,_(1-28)+cd, (2)
cn, ko2 05 lim Ey(1 + ) Twe=0 (3)

where cn is consumption of nondurables, cd is
expenditures on durable goods, k is the stock of
durable goods, w is nonhuman wealth (excluding
k), & is the depreciation rate, and y is labor
income. The rate of return on nonhuman wealth
is assumed to be constant, and is denoted by r.
Notice that our specification of preferences as-
sumes separability between cn and k, while al-
lowing for time-dependent utility functionals.
Units of capital are normalized so that their price
(by assumption constant) equals the price of the
nondurable good, which in turn is normalized to
unity.

The solution to the problem above satisfies the
Euler equation

U_i(en, ) =((1 +7) /(1 +p))E,_,U/(cn,)
(4)

and an intratemporal efficiency condition
Frl(kr) =TU,’(CH,) (5)

relating the marginal rate of substitution between
k and cn to the implicit rental cost 7= (r +
8) /(1 +r)t

When both (4) and (5) hold, it follows that

F_y(ki-) =((L+r)/(1 +p))E,_F/(k,).
(6)

lAssummg an nterior solution, conditions (4) and (5), com-
bined with the transversality conditions limy_,, Eo(1 +
p) TUz(enp)Wr = 0 and mq,, Ef(1 + p) " TUp(cnp)ky =
0, are necessary and sufficient
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We specialize our model by assuming r = p,
and the following specification for preferences:

Ulen)) = —0.5(x, —en)’ X, =xo+ayt
Fk) = —-050(Q, - 0k,)% Q,=Qy+ ayt

where 6 is the amount of “services” per period
provided by one unit of durable goods, and y,
and (), can be interpreted as consumption bliss
levels. Under the previous assumptions, (4) and
(6) can be rewritten as

Acn, =a, + £, (7
Acd, = ay+ (1= (1 - 8)L)&, (8)

where a, = (8a,/0). By construction, ¢,, =
cn, —E, cn, and €, =cd, — E,_;cd, are the
innovations in nondurables and durables con-
sumption, respectively. (7) is just the well-known
martingale result originally derived in Hall (1978),
whereas (8) is its durable goods version, intro-
duced in Mankiw (1982).

We can rewrite (5), after some manipulation,
as follows:

cd, = (8y/0)cn, + u,
where vy = (7/v0), and

u, = (8/6)(Q — vxp) + [(1 = 8)a,/8]
+[a, = (8v/0)a,]t + (v/6)(1 - 8)¢,,.
Since u is a stationary process (around a deter-
ministic trend) it follows that cn and cd are
“stochastically cointegrated” with a cointegrating
vector [1, —(8y/0)].

The previous cointegration result, together with
the intertemporal budget constraint, allows us to
pin down the relationship between innovations ¢,
and £,, and their “fundamental” determinant,
i.e., news about future labor income. At this point
it is useful to introduce the notion of permanent
income yp, as defined in Flavin (1981). Letting
A=1/ +r),

)

w,=r|W,+2A Z/\JE,y,ﬂ )
1=0
The innovation in permanent income, ¢, = yp, —
E,_,yp,, is thus given by

& =rA Z /\I(Ez - Er—l)yr+1'
=0
Such news about current and future income is
the only source of consumption fluctuations in
the model above.
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The dynamic budget constraint (1) and the
transversality condition in (3) can be used to
derive the standard intertemporal budget con-
straint. Applying the law of iterated expectation
to the latter, we get

rA Y, N(E,— E,_))(cn,,, + cd, ) =¢&,
1=0

(10)

which has a simple interpretation: if the intertem-
poral budget constraint is satisfied, the present
discounted value of revisions in expected future
consumption must match the innovation in total
wealth &/r.

We postulate a simple linear relationship be-
tween innovations in cxn and ¢d and contempora-
neous innovations in permanent income:

& = Boéss € = (I/B)Bdgt

where B, and B, are constants to be determined.?
The permanent effect on ¢z of a one unit innova-
tion in permanent income 1s thus 8,. The corre-
sponding effect on cd is given by B,. The cointe-
gration result above thus implies B, = (8y/60)8,.
An additional restriction on the B’s, resulting
from the need to satisfy the intertemporal budget
constraint, follows from (7), (8) and (10):

B, + (7/8)Bs= 1.

B, and B, can now be solved for in terms of
the exogenous parameters of the model:

B, =16/(8+7v);

Letting o,(Acn) and o,(Acd) denote the
standard deviations of Acn and Acd implied by
the permanent income model above, we have

o4 (Acn) = [6/(8 + 7y)]o(£) (11)

o.(Acd) = Y1 + (1 —8)°
x[y/(8 + 7)o (£), (12)

which pin down o,(Acn) and o,(Acd) as func-
tions of the exogenous parameters r, 8, 8, v, and
a(£).

Our goal is to compare o, (Acn) and o, (Acn)
with the corresponding empirical standard devia-
tions of nondurables and durables consumption,
which we denote by o(Acn) and o(Acd). With
that purpose in mind we introduce the following

2 Premultiplication of 8, by (1/8) 1s just a convement
normalization

Ba=8v/(6 + )]
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statistics:
¢, = o(Acn) /o, (Acn)
¢, =0(Acd) /o (Acd).

Values of ¢ less than one are naturally inter-
preted as evidence of excess smoothness, whereas
values greater than one correspond to excess vari-
ability. Unfortunately, estimation of ¢-type statis-
tics faces a major difficulty: o,(Acn) and
o, (Acd) are not observable. Even if we knew
and /or were able to estimate B8, and B,, there
would still remain the question of how to identify
and estimate ¢(¢). This is especially problematic
because neither permanent income yp nor its
innovation & are observable, since they depend
on (unobservable) expectations. That problem is
often tackled in the literature by assuming that
some transformation of labor income follows a
univariate ARMA process.> That approach has
two important shortcomings: (i) the estimates of
@-type variance ratios are extremely sensitive to
the assumption made on the order of integration
of labor income, i.e., on the particular transfor-
mation of that variable used, and (i) the ap-
proach implicitly (and arbitrarily) assumes that
consumers use only information contained in cur-
rent and past values of labor income in order to
predict future labor income.

In West (1988) and Campbell and Deaton
(1989), a methodology is developed to test the
PIH using estimates of ¢-type ratios, without
imposing any restriction on the consumer’s infor-
mation set. However, as stressed in Flavin (1988),
the estimated variability ratios are only correct
under the PIH null, so they should be used only
for the purpose of testing that null.*

The approach taken in this paper, originally
developed in Gali (1991) and extended here to
handle durables consumption, does not require
any restriction on the information set used by
consumers to form their expectations about fu-
ture income. Its main advantage relative to the
West and Campbell-Deaton approaches lies in its
robustness to a wide range of departures from the

3 For a further discussion on this 1ssue, with complete refer-
ences, see Gali (1991)

4 The outcome of those tests systematically rejects the PIH
model for nondurables, thus implying that the estimates of ¢
obtained by both the West and the Campbell-Deaton proce-
dures, though sufficient to reject the PIH null, are no longer
“adnussible” estimates of the true ¢
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PIH model. Additionally, that approach does not
rely on any assumption on the stochastic proper-
ties of the labor income process.’

B.  Departures from the Permanent Income Model
and Identification of Variability Ratios

As a rather unrestricted alternative to the per-
manent income model specified above we postu-
late the following models for Acn and Acd:

Acn, = a, + B,(L)¢, + ¢,(L)m, (13)
Acd, = a, + Bd(L)ft + d’d(L)Vt (14)

where B,(L), B,(L), ¢,(L), and ¢,(L) are poly-
nomial functions in the lag operator L.

Thus, two different sources of consumption
movements are allowed for: shocks to permanent
income (¢) and preference shocks (n and »). We
assume that the latter are serially uncorrelated,
and uncorrelated with innovations in permanent
income at all leads and lags. The long-run effect
of a permanent income innovation on cn is given
by B,(1), whereas the corresponding effect on ¢d
is equal to B,(1). Notice that (13) and (14) nest
the permanent income model developed in the
previous section, which corresponds to 8,(L) =
0/(6 +7y), BAL)=(y/(0+1y) (1 -1 -
8)L), and ¢,(L) = ¢ (L) = 0.

Even if the permanent income model does not
hold, the intertemporal budget constraint and,
consequently, equation (10) must be satisfied for
all possible realizations of £, n, and v. Accord-
ingly, the following restrictions on the parameters
of consumption processes (13) and (14) must
hold:*®

Ba(A) + Ba(A) =1
b,(1) = dy(1) = 0.

(15)
(16)

Assuming continuity of the polynomial func-
tions B,(A), B,(A), ¢,(A), and ¢,(A), at A = 1,

> That has two advantages. First, we do not need to make
any assumption on the order of integration of labor income
Second, our results are robust to the presence of different
components 1n labor income unobservable to the econometn-
cian, thus overcoming the problem pointed out by Quah
(1990)

®In (15) we are implicitly assuming that n, and v, are not
perfectly correlated Otherwise, 1e., 1f n, = wv,, all ¢, the
corresponding restriction would be ¢,(A)m + ¢,(A) = 0, but
¢,(A) and ¢,(A) would not be independently restricted.
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the following limit result obtains:
lim (8,(1) + B4(1)) = 1 (17)
lim ¢,(1) = lim¢,(1) =0 (18)
r—0 r—0

where the limit is taken for a sequence of
economies whose associated interest rates con-
verge to zero.

We need to make a further assumption: in the
absence of preference shocks, efficiency condition
(5) is assumed to hold at zero frequency. In other
words, we assume that the eventual presence of
short-run deviations from the PIH does not pre-
vent consumers from equating the marginal rate
of substitution between durables and non-
durables to their relative price, in the long run,
and absent preference shocks. Accordingly, the
cointegration result in (9) will still hold, thus
implying

Ba(1) = (8v/6)B.(1). (19)

Combining (17) and (19), and given that

lim r — 8 = 0, we get
r—0

lim {8,(1) = [6/(6 +7v)}} =0 (20)
lim {B,(1) ~ [3y/(6 + )]} =0 (21)
which will play a central role in what follows.

The following lemma is the basis for much of
the analysis below.

Lemma: Let f(w) and f,(w) be the normal-
1zed spectra of Acn and Acd, respectwely. Define
w(d) =8/V1+ (1 —8)>. Under the consump-
tion model given by (13) and (14) the following
limit results hold:

tim [{1/y277,(0)} ~¢.] =0 (22)
lim [{w(8) V271 )~ 0a] =0 (23)

Proof: See appendix.

In practice, and given the continuity of our poly-

nomial functions, {1/+/27f,(0)} = ¢, and
{n(8)/ y2mf,(0) } = ¢, will generally be good

approximations for plausibly low interest rates.’
The lemma above thus implies a strong connec-
tion between the consumption variability ratios
¢, and ¢, introduced in the previous section and
the normalized spectrum of the durable and non-

7See Gali (1991) for some numerical examples illustrating
the accuracy of the approximation.
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durable consumption processes. Identification of
o.(Acn) and o,(Acd)—ie., the measures of
consumption variability under the PIH model—
relies on three basic assumptions: (i) the in-
tertemporal budget constraint is met with equal-
ity, and (ii) there is a linear stationary represen-
tation for consumption changes, in terms of a
distributed lag of permanent income innovations
and preference shocks, and (iii) the efficiency
condition relating the MRS between durables
and nondurables to their relative price is satis-
fied, at least in the long run. Assumptions (i) and
(ii) played a central role in the identification of
o(¢) in Gali (1991) in a model with only non-
durable goods. Assumption (iii) makes it possible
to extend that analysis to the case of durables.

Given the results above, we can use any of the
available consistent estimators of the normalized
spectrum at frequency zero f,(0) to construct a
consistent estimator for ¢,. A similar strategy can
be followed in order to estimate ¢, though in
the latter case we must condition the estimate on
a given value of 8, the depreciation rate for
durable goods.

II1. International Evidence on
Consumption Variability

A. Estimation of ¢, and ¢,

Given a real return on nonhuman wealth close
enough to zero, the results in the lemma above
suggest the use of the following estimators:

$, = 1/y27£,(0)
¢4 = n(8) /Y 2mf,(0)

where £,(0) and £,(0) are consistent estimators
for the normalized spectrum of Acn and Acd at
frequency zero.

The results reported below are based on the
Bartlett estimator,® defined as

il

M
£(0) = (1/277){1 +2Y [1- (S/M)]ﬁ,(S)}

s=1
i=n,d
where p,(s) is a consistent estimator of the auto-
correlogram of either Acn or Acd at lag s, and M
is the parameter controlling the window size.

8 For a detailed discussion of the Bartlett estimator, see
Priestley (1981)

THE REVIEW OF ECONOMICS AND STATISTICS

Consistency of the above estimator requires that
M — « and (M/N) — 0, as N — o, where N is
the number of observations available. In practice,
however, N is given and a finite value of M has
to be chosen, which involves a trade-off between
the bias and variance of f,(0). Below we report
estimates based on different M values, in order
to check the robustness of the results.

B. Data

Our data come from two different sources.
Data for the United States were obtained from
Citibase, and cover the period 1947:1-1989:4.
Data for five other countries (Canada (1960:1-
1989:4), United Kingdom (1963:1-1989:4), Japan
(1970:1-1989:4), France (1970:1-1989:4) and Italy
(1970:1-1989:4)), were taken from OECD’s
Quarterly National Accounts publication, table 6b.
Our choice of countries and sample periods was
made on the basis of data availability. For each
country two consumption measures are used, cd
corresponds to consumption expenditures on
durable goods. cn is the difference between total
private consumption expenditures and cd, and
thus includes both nondurables and services. Per
capita series were constructed using quarterly
data on population size. The corresponding data
for the United States were obtained from
Citibase. Quarterly measures of population size
for the remaining countries were constructed by
interpolating between annual mid-year estimates
taken from IMF’s International Financial Statis-
tics. With the exception of Japan, all data were
already seasonally adjusted. We seasonally ad-
justed Japanese data by regressing Acn and Acd
on seasonal dummies, allowing for a time trend in
the seasonal when significant.

All the time series finally used are expressed in
constant domestic prices, annual rates, seasonally
adjusted, and on a per capita basis.

C. Prelimunary Analysis: Unit Roots
and Cointegration Tests

Implicit in the analysis above is the assumption
that both c¢n and cd are I(1) processes, i.c.,
processes stochastically integrated of order one.’
The unit root in consumption has some theoreti-

% That assumption 1s implicit in (13) and (14), combined with
our assumption of continuity of 8,(A) and ¢,(A) at A = 1.
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TasLE 1.—Unit Root TEsTs

United United
States Canada Kingdom Japan Italy France
Nondurable, levels
ADF? -2.73 -1.78 0.88 -178 -3.86° -2.57
zZb —-238 —194 074 -244 =215 -274
Durables, levels
ADF -1.36 -1.76 —-1.70 -255 -139 -2.15
Z -1.57 -2.01 —2.28 -209 -082 —-237
Nondurables, differences
ADF -7.70¢ —6.83¢ —5.79¢ -17.39¢ -333¢ —7.88¢
z —-1106° -1037° -10.16° -10.96° —3.339 —12.54¢
Durables, differences
ADF -9.02¢ —648° —14.83° —736° —366° —6.08¢
VA —1431° —-1140¢ —15.65°¢ -612¢ —484°¢ —862°¢

* Augmented Dickey-Fuller (1979) t-statistic, based on an OLS regression of each vanable on its own lag,
1ts lagged first-difference, a time trend, and an intercept Asymptotic critical values are —3 12 (10%) and —3 41

(5%)

b Phillips-Perron (1988) ¢-statistic, based on an OLS regression of each variable on 1ts own lag, a time trend, and
an intercept Asymptotic critical values are —3 12 (10%) and —3 41 (5%)

€ Significant at the 5% level
Significant at the 10% level

cal appeal: it arises in a variety of models as a
result of households’ willingness to smooth con-
sumption over time, independently of the order of
integration of the labor income process.!°

Table 1 reports the results of unit root tests
based on ADF (Dickey and Fuller (1979)) and
Phillips-Perron (1988) t-statistics applied to the
data described above. The tests systematically fail
to reject the unit root null against the trend-
stationary alternative at conventional significance
levels. The only exception to that result is given
by the ADF test applied to nondurables con-
sumption in Italy, which rejects the null of a unit
root for that series at the 5% significance level.
When similar tests are applied to first-differences
Acn and Acd, all the statistics reject the unit root
null at low significance levels.

The long-run identifying restriction (19) implies
that, in the absence of preference shocks, ¢n and
cd should be cointegrated. In the context of our
model, lack of cointegration between the two
variables may still result from the presence of a
unit root in the “preference” components of cn
and cd. However, as shown above, and given
sufficiently low interest rates, the requirement
that the intertemporal budget constraint is met
implies that ¢,(1) = 0, for i = n,d. Accordingly,
if both our identifying assumption and our ap-

10 There are exceptions, however, including RBC models
(e.g , King, Plosser and Rebelo (1988)) and overlapping gener-
ations models (e.g. Gali (1990)), when the driving technology
process 1s stationary.

proximation are correct we should expect cn and
cd to be nearly cointegrated.

Table 2 reports the results of several cointegra-
tion tests. The first set of statistics is based on the
residuals of an OLS regression of cd on cn, a
time trend and an intercept (regression #1), the
second set being based on the residuals of the
“inverted” regression (regression #2). We report
both the ADF and Phillips ¢-statistics associated
with the null of a unit root in the residual of the
cointegrating regression (see Phillips and Ouliaris
(1990)). For each country, we apply each statistic
to data covering the full sample period, as well as
a truncated sample excluding data of the eighties.

The results based on the full sample are far
from overwhelming. Using the residuals from the
first regression, cointegration can only be estab-
lished at conventional significance levels for the
United Kingdom and France, and, in the latter
case, only with the Phillips #-statistic, at the 10%
level. The tests based on the second regression
suggest that cointegration may be present also in
Japan and the United States, but in both cases
that result is supported by only one of the two
statistics only. When we exclude the eighties from
our sample period the results become much
stronger. Cointegration can be established with at
least one statistic for all countries considered, at
a 5% significance. Notice that the test results are
not substantially affected by the cointegrating re-
gression used with the exception of Italy. Given
the previous results, we choose to present sepa-

Copvyright © 2001. All Rights Reserved.



424 THE REVIEW OF ECONOMICS AND STATISTICS
TABLE 2 —COINTEGRATION TESTS
United United
States Canada Kingdom Japan Italy France
CI Regression #1°
Full sample
ADF? —-2.94 -171 -3.81° —-296 -0.86 -267
VA -298 -197 —-579¢ —-295 —-055 -357t
Truncated sample
ADF —4.11¢ -3.03 -371f —467° -2.14 —-2.97
Z —4.12¢ —393¢ —5.81¢ —4.46° —1.58 —4.24°¢
CI Regression #24
Full sample
ADF -373t  -170 —~260 —2.43 -2.83 2.67
Z -346 —222 —5.51° —5.22¢ -2.79 —6.21°
Truncated sample
ADF -4 30°¢ -310 -251 -300 —-387° —384¢
Z —4.54¢ —5.18¢ -5.81° -9.07¢ —461° -1281°¢

% Tests based on the residual of an OLS regression of c¢d on c¢n, a ime trend, and an intercept
Augmented Dickey-Fuller f-statistic corresponding to a unit root test on the residual of the cointegrating
regression Asymptotic cntical values are —3 51 (10%) and —3 80 (5%) See Phillips and Oulians (1990)
¢ Phillips ¢-statistic corresponding to a umt root test on the residual of the cointegrating regression Asymptotic
cnitical values are —3 51 (10%) and —3 80 (5%) See Phillips and Oulians (1990)
Tests based on the residual of an OLS regression of ¢z on c¢d, a time trend, and an intercept

¢ Significant at the 5% level
Significant at the 10% level

TaBLE 3.—NONDURABLES VARIABILITY RATIOS

United United
M States Canada Kingdom Japan Italy France
Full sample
5 0749 0.834 0775 1145 0563 1.274
(< 0.01) (< 0.01) (<001) 014) (< 0.0D (0.05)
10 0679 0726 0.642 1.158 0560 1.294
(<001 (< 0.01) (<001 0.27) (<001) (0.10)
20 0.637 0.636 0586 1161 0.656 1187
(<001 (< 0.0D) (<001 (0 30) (<001) 022)
Truncated sample
5 0.767 0928 0954 1175 0.573 1.426
(< 0.01) 0.23) (031) 022) (< 0.01) (0.05)
10 0.725 0.821 0.885 1210 0.654 1504
(< 0.01) (0.06) (0.13) 029 (<001 (003)
20 0.642 0.704 1.118 1207 0675 1.373
(< 0.01) (003) (0 68) ©0.27) 0.02) 0 04)

Note Figures reported are the estimates of vanability ratio ¢,,, using a Bartlett-window of size M Figures 1n
brackets are p values for the Hy ¢, = 1 null See description of estimator and data 1n mam text

rate evidence for both the full sample and the
truncated sample excluding the eighties in the
remainder of the paper.

D. Empirical Results: Variability Ratios
for Nondurables

Table 3 reports the estimates of variability ra-
tio ¢, for each of the six countries considered.
For each country and sample period we report
the estimates corresponding to three different

values of the window size M. In brackets, we
report the p-values corresponding to a one-sided
test of the null hypothesis H,: ¢, = 1, against the
relevant alternative.!! The use of asymptotic dis-
tribution in such tests is pqtentially misleading
since, among other reasons, f,(0)-type estimators,
though consistent, are biased in small samples.'?
Consequently, we report simulated p-values, ob-

"' That 1, Hy, @, < 1if @, 1s less than one, Hy. ¢, > 1if
¢, 1s greater than one.
12 See Gali (1991) for more on this 1ssue
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TABLE 4.—DURABLES VARIABILITY RAaTIOS

United United
M States Canada Kingdom Japan Italy France
Full sample
5 0037 0.034 0052 0041 0020 0.033
(<001) (<001) (<001) (<001) (<001 (<001
10 0.036 0.033 0.056 0.041 0.018 0035
(<001) (<001 (<001) (<001 (<001 (<001
20 0.037 0.033 0.062 0042 0017 0.040
(<00 (<001) (<001 (<001) (<00D (<0.01)
Truncated sample
5 0.028 0.034 0035 0.045 0.021 0.057
(<001 (<001) (<001 (<001) (<001 (<001
10 0.026 0030 0033 0052 0.024 0075
(<001) (<001) (<001) (<00 (<001) (<001
20 0.025 0.028 0037 0.058 0.026 0083
(<001) (<001) (<001 (<00 (<001 (<001

Note Figures reported are the estimates of variability ratio ¢4, using a Bartlett-window of size M Figures in
brackets are p values for the Hy ¢4 = 1 null See description of estimator and data in main text

tained from the empirical distribution of the esti-
mator ¢, under the PIH null, given the relevant
sample size."®

The point estimates of ¢, are significantly less
than one in the United States, Canada, United
Kingdom and Italy, and their values are not much
affected by the window size. Since those esti-
mates are consistent for the “true” ¢, ratio (de-
spite the rejection of the PIH null), the results
imply that consumption is too smooth in those
countries, relative to the prediction of the perma-
nent income model. That excess smoothness
finding is strongly significant for the four coun-
tries when data for the full sample are used, but
is somewhat weakened for Canada and the United
Kingdom when we use the truncated sample.

For both Japan and France, the §, estimates
are greater than one for all window sizes, but are
only significantly so (for most window sizes) for
France. The results thus point toward evidence of
excess volatility in nondurables consumption in
the latter country. The variability of nondurables
consumption in Japan appears to be in the range
predicted by the permanent income model.

E. Empirical Results: Variability Ratios
for Durables

Table 4 reports the estimates of variability ra-
tio ¢,, denoted by ¢,. The estimates reported are

BIna previous version of this paper tests of a continuous
time version of the PIH were also performed and reported
None of the conclusions were substantially altered by that
modification.

conditional on a value of 0.05 for 8, which roughly
corresponds to a 20% annual depreciation rate.
The previous number is the average rate implicit
in the gross expenditure on durables and durables
net stock series in the United States, as reported
in Bernanke (1985). The p value below each
estimate was obtained under the PIH null, which
corresponds in this case to the MA(1) process for
Acd in (8). The results are quite strong. All
countries show extremely low ¢, estimates, with
values ranging from 0.02 (Italy) to 0.06 (Japan).
In all cases considered the ¢, = 1 null can be
rejected at very low significance levels. The re-
sults thus suggest the presence of extreme excess
smoothness in the time series for durables con-
sumption, whose first difference is for all coun-
tries considered about 20 times less variable than
predicted by the permanent income model.

Even though our estimator ¢, is consistent for
the true variability ratio (conditional on &) there
are good reasons to believe it may be subject to a
serious bias problem in small samples, both under
the null and under alternatives “close” to the
null. In addition, the use of a “wrong” & value
may generate quantitatively misleading estimates,
even asymptotically.'* Interestingly, it is possible
to assess the relative variability of durables con-
sumption in a way which does not require obtain-
ing a (possibly highly biased) estimate of £,(0).
To see this, notice that under the permanent in-

“Let 6* and 6 denote the true and assumed depreciation
rates, respectively. For plausibly low values of both parame-
ters, imy . ¢, = (8 /6% )p,.
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TABLE 5.—DURABLES vs. NONDURABLES VARIABILITY

United United
States Canada Kingdom Japan Italy France
Full sample
9} « estimates?®
8 =0.05 18.75 11.49 8.83 8.78 1737 14.79
8 = 0.025 38.44 23.56 18.11 18.01 3562 30.34
5 =0.01 891 5.46 420 417 8.26 7.03
Q) estimates® 0.25 0.26 0.02 015 0.26 0.17
Truncated sample
(), estimates
& = 0.05 13.47 1072 12.17 5.62 19.00 1216
8§ =0.025 27.63 2199 2495 11.52 3897 2495
§ =010 6.41 5.10 5.78 2.67 9.04 5.78
{) estimates 021 0.24 0.18 0.20 0.21 0.21

2 Estmate of (, = o,(Acd/a,(Acn), 1€, the ratio of durables/nondurables standard deviations imphed by

the PIH model

b Estimate of Q = o(Acd, /a(Acn), 1€, the actual ratio of durables /nondurables standard deviations

come model developed above the standard devia-
tion of Acd relative to that of Acn (denoted by
Q,) is given by (see (1)-(12)):

Q, =0,(Acd) /o4 (Acn) = [8y/0]/n(d).
(24)

Under the maintained assumption of cointegra-
tion between cn and cd (see (9)), consistent esti-
mates of [8y/0] for each country were obtained
in the cointegrating regression of ¢d on cn. The
first three rows in table 5 show the estimate of
Q, (denoted by (),) implied by (24), given the
cointegrating vector estimates and wu(8) values
consistent with alternative assumptions on 8. Let
Q denote the actual variability ratio o(Acd)/
o(Acn). The fourth row in table 5 reports a
consistent estimate of (), denoted by ﬂ, equal to
the ratio of sample standard deviations. Clearly,
the difference between the estimates of predicted
(ﬁ*) and actual () ratios is very large for all
countries and depreciation rates considered.

Since we can always express ¢, = o(Ac?)/
o (Ac?) as

Py = (PnQ/Q*

and since the evidence in the previous subsection
pointed to values of ¢, relatively close to one, the
low values of Q/€), implicit in table 5 are an
additional manifestation of the extreme excess
smoothness shown by durables consumption rela-
tive to permanent income innovations. Similar

results are obtained when the truncated sample is
used, as reported in the second half of table 5.

F.  Empirical Results: Discussion

The results in the previous subsection can be
analyzed from two alternative angles: we can
focus on the observed patterns across goods, or,
alternatively, on the observed patterns across
countries.

Patterns across Goods: Our results provide
strong evidence against the permanent income
model for both durables and nondurables con-
sumption. Nevertheless, an important asymmetry
between the two types of consumption seems to
emerge. The rejection of the PIH in the durables
case is much stronger, with all the estimates
pointing towards the presence of excess smooth-
ness for all countries. On the other hand, rejec-
tions of the PIH for nondurables, though apply-
ing more or less strongly to all the countries
considered, are quantitatively small, and have
different signs for different countries.

That asymmetry in the size of variability ratios
across goods, if confirmed by further work, should
prove useful in the process of identifying the
sources of rejection of the permanent income
model. From that perspective, explanations of
excess smoothness that rely on habit formation
(e.g., Deaton (1987)) would require more ‘“habit
persistence” on the services of durable goods
than on nondurables consumption, a requirement
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on preferences that does not seem, at first
thought, particularly intuitive. Thus, the observed
differences in variability ratios across goods tend
to rule out an explanation based on habit forma-
tion.

On the other hand, the existence of significant
transaction costs (information gathering, illiquid
secondary markets, etc.) in the adjustment of the
stock of durables (likely to be little relevant for
nondurables purchases) may underlie a more
promising explanation. Excess smoothness in
durables purchases arises naturally in models with
either quadratic adjustment costs and “smooth,”
continuous adjustment at the micro level (e.g.,
Bernanke (1985)) or in more complex models
with fixed costs and “lumpy” adjustment at the
micro level, but sluggishness in the aggregate
(e.g., Bertola and Caballero (1990)).

Liquidity constraints and /or myopia may also
be consistent with the observed differences be-
tween the relative variability of durables and non-
durables consumption. If liquidity constrained
consumers follow a rule of thumb that consists in
spending a constant fraction of their income on
durables and the rest on nondurables, the time
series properties for their Acn and Acd will
resemble those of income changes. If income
follows a random walk, Acn will show no serial
correlation, regardless of the relative importance
of liquidity constrained consumers, and thus be-
have as if the PIH held. On the other hand, and
to the extent that liquidity constrained consumers
account for a significant fraction of aggregate
consumption, Acd will fail to show the large,
negative MA coeflicient found in (8), and thus
exhibit excess smoothness.

Patterns across Countries: If the liquidity con-
straints hypothesis is correct, departures from the
PIH model should be larger in economies with
poorly developed credit markets. Jappelli and
Pagano (1989) and Campbell and Mankiw (1991)
looked at the cross-country evidence on pre-
dictability of consumption, and concluded that
the evidence was roughly consistent with that
hypothesis. Here we look instead at the estimated
variability ratios.

On the basis of the size of the market for
consumer debt (Jappelli and Pagano (1989)) the
United States is likely to have the most developed
credit markets, followed by the United Kingdom
and Japan, both of which are in turn ahead of
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Italy. Jappelli and Pagano do not provide any
information for Canada and France, but Camp-
bell and Mankiw (1991) suggest Canada and
France should be classified as having well devel-
oped and relatively undeveloped credit markets,
respectively.

Perhaps surprisingly, no obvious correlation
emerges between estimated variability ratios for
different countries and their “relative position”
in the informal ranking above. The estimated
variability ratios for durables consumption, take
extremely low and not too different values for all
countries, without any clear correlation between
those values and the credit market ranking. For
nondurables the lack of correlation takes a dif-
ferent form: strong excess smoothness is detected
in countries with both well-developed credit mar-
kets (United States), and undeveloped ones
(Italy). On the other hand, the strongest evidence
of excess volatility can be found in France, where
consumers’ access to credit markets is probably
not too different from that in Italy.

Overall, and despite the informality of the pre-
vious discussion, it seems safe to conclude that
the international pattern of results above does
not provide further evidence supporting the li-
quidity constraints hypothesis as the main source
of PIH rejections.

IV. Summary and Conclusions

The present paper has extended the economet-
ric approach to identification and estimation of
variability ratios developed in Gali (1991) to the
case in which both durables and nondurables
consumption coexist. That approach avoids some
of the shortcomings of other methods found in
the literature. In particular, our method does not
impose any restriction on the stochastic process
for labor income nor on the consumers’ informa-
tion set. The estimators developed are consistent
under relatively unrestricted short-run departures
from the permanent income model.

Using our method, we estimate consumption
variability ratios for both durables and non-
durables consumption, using data for six OECD
countries. Some important departures from the
permanent 1ncome model emerge: (i) non-
durables consumption measures show mild excess
smoothness in the United States, Canada, United
Kingdom, and Italy, and mild excess volatility in
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France, and (ii) durables consumption measures
show extreme excess smoothness in all countries.

Those results seem consistent with the pres-
ence of significant adjustment costs and/or li-
quidity constraints. Given their different implica-
tions for policy, further research aimed at sorting
out their relative importance as sources of excess
smoothness is needed. That work will require
looking at alternative models’ predictions other
than those which can be expressed in terms of the
spectrum of consumption changes, and will thus
have to involve tools and information beyond
those used in the present paper.

APPENDIX

Proof of Lemma

Given (12), the spectrum of Acn at frequency zero is given
by

(03 = (1/27){B(1)’0%(£) + 6,(1)°a*(m)}.

Let f (w) = h,{w)/a*(Acn) denote the normalized spectrum
of Acn. It follows that

{1/V27 1.0}

= o (8cn)/VB(1)202(£) + du(1)20*(n)

Taking the hmit on a sequence of economies for which
r — 0, and using (15) and (16), we get

1m [{1/y277,@) } - {o(8en)/8,()a(©)}] =0
and (22) in the lemma follows, for (11) and (20) imply
lim [{o(acn)/B. (D (£)} = ¢] = 0

The durables case 1s handled symmetrically The spectrum
of Acd 1s given by

ha(0) = (1/2m){B.(1)’02(£) + 6,(1)°*(»)}.

It follows that

w(8)/y2mf.(0)
= u(8)o (Acd)/VB(1)202(£) + d,(1) 0% (») .

Taking the limit as » — 0, and using (15) and (16), we get
tm [{(8)/V27fu®) }
—{u(8) (8ed) /B, (Do (H)}] = 0.
From (12) and (21) we know

lim [{(3)e (Acd) /B (6)} - ¢a]-

which, combined with the result above, yields (23).
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