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This paper develops an exphcitly aggregated
Ilfe-cycle model which allows for finite horizons and
declinmg individual labor supply The model can generate a common upward trend m aggregate
consumption.
labor income. and nonhuman
wealth, without relinquishing
Hall’s random walk at
the micro level. LIfecycle
factors are shown to imply that consumption
changes should be (a)
predictable
and (b) smoother
than in the infinite-horizon
model. Econometric
evidence using
postwar U.S. data suggests that neither consumption’s
predictabmty
nor Its excess smoothness
can be fully accounted
for by hfe-cycle considerations.

1. Introduction
Since Hall (1978) much research in the consumption
front has attempted
to interpret
the time series for aggregate consumption
and savings as the
solution to a dynamic optimization
program solved by an infinite-lirvd representatirle consumer facing an exogenous, stochastic labor-income
process.’
As is well known, tests of standard versions of the infinite-horizon
model
applied to postwar U.S. data reject some of its central predictions.
Two
findings are usually brought up as evidence against that model: (a) consump*I am grateful to Ohver Blanchard.
Rxardo
Caballero,
Angus Deaton. Jose De Gregorio,
Glenn Hubbard,
Danny Quah. Richard Startz, and an anonymous
referee. I am solely responsible for any remaimng
errors. This paper is a much revised version of the third essay in my
doctoral dissertation
at M.I.T. (19891.
‘Such a model 1s also known in the hterature
as the Permanent
Income model. a concept
originally
associated
with Friedman
(1957). Friedman’s
formulation
IS. however, much more
general than the model used in the recent hterature
and in no case does it imply that aggregate
time series be Interpreted
as the solution to the infinite-lived
representative
consumer program.
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tion is not a martingale
[Flavin (1981)], and (b) consumption
is too smooth
relative to permanent
income [Deaton (1987)].’
The present paper develops a framework
for the time-series
analysis of
aggregate consumption
which dispenses with the assumption
of an infinitelived representative
consumer.
The model shares the essential features of
explicitly aggregated
life-cycle models - as developed by Franc0 Modigliani
and coauthors” - while preserving
the convenience
and tractability
of the
infinite-horizon
model in terms of its econometric
implementation.’
Life-cycle models of consumption
typically stress the role of two factors
which, by their very nature, are ignored in infinite-horizon
models: (a) finite
horizons and (b) a life-cycle profile for individual labor income characterized
by retirement
- or low labor income - in a late stage of the cycle. The latter
feature
is henceforth
referred
to as ‘life-cycle savings’, since it tends to
induce additional
savings in early stages of the life cycle. In the model below
each of the two factors is regulated
by a parameter.
The infinite-horizon
model appears as a special case, corresponding
to a specific configuration
of
values for those parameters.
An important feature of the model is the existence of a one-to-one mapping
between the presence of finite horizons and/or life-cycle sarlings and the low
frequency properties of aggregate labor income, consumption, and nonhuman
wealth. In particular,
the model is capable of generating
a common upward
trend in those three aggregate series, without relinquishing
Hall’s martingale
model at the micro level.
The paper also reexamines
the evidence on ‘predictability’
and ‘excess
smoothness’
of consumption
in the context of the life-cycle model. Life-cycle
considerations
are shown to imply that consumption
changes should be (a)
predictable
and (b) smoother than is implied by the infinite-horizon
model. It
is thus important
to redesign the existing tests in order to filter out the
influence of life-cycle factors.
The plan of the paper is as follows. Section 2 develops the basic life-cycle
model. Section 3 examines its implications
regarding the long-run behavior of
aggregate
time series. Section 4 derives the model’s predictions
on the
predictability
and variability
of consumption
changes. Econometric
tests of
‘The ‘excess-smoothness’
result arises when labor mcome is modeled as a unit-root process.
When the same variable
IS modeled
as being stationary
around a deterministrc
trend, the
opposite result obtams: consumption
IS too variable relatrve to permanent
income. See Deaton
(1987) for details.
“Modigliam
(1986) offers
life-cycle literature.

an excellent

review

as well as complete

references

on the early

4Clarrda (1988), in mdependent
research, uses a tradrtional
Modigliani
life-cycle model with
certain lifetimes and retirement
period, in an attempt to explain the ‘excess-smoothness’
puzzle.
Despite its usefulness in showing the potential role of life-cycle factors in that puzzle, as well in
addressing
other issues, the aggregatron
propertres
of the Modrgliam life-cycle model make its
econometric
implementation
rather burdensome
except for some particular
cases.
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those predictions
using postwar U.S. data are carried
Section 5 summarizes
and concludes.
2. A life-cycle

model of aggregate consumption

and international

out in the same section.

and savings

The model developed
below is a discrete-time,
economy version of the overlapping-generations
(19X.5). Next 1 describe its basic ingredients.

2. I. Technolom
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quadratic-utility,
openframework
in Blanchard

capital mobility

Domestic
output
Y is given by an aggregate
production
function
Y, =
K”(A L )(‘-a), where K is aggregate capital, L denotes aggregate
‘labor
sefrvices”employed.
and A is an exogenous process describing the technology
level. We assume an open economy, with capital being perfectly (and instantaneously)
mobile across economies.
The world interest rate is constant and
equal to r. Under the assumption
of zero depreciation,
and letting yl be the
compensation
per unit of labor services, profit maximization
by competitive
firms implies r = (Y(Y,/K,)
and yl, = (1 - aXY,/L,).
Using the production
function
above, and assuming
a constant,
exogenously
given, value for L
(which we normalize to be one), we obtain
yf, = (1 - a)(

a/r)n’(‘-“)A,,

i.e., aggregate labor income is proportional
to the technology process
is thus determined
independently
of consumption/savings
decisions.

2.2. Demographics

and annuity

A, and

markets

Regardless
of his age, each consumer
alive in period t faces a constant
probability
p of dying in period t + 1, with 0 sp 5 1. As of t, the probability
of being alive at t +j is thus (1 -p>‘.
The size of each cohort at birth is normalized
to p, and is assumed to
decline deterministically
over time, at a rate also given by p. Using N,,, to
denote the size, as of period t, of the cohort born in period s (where t 2 s),
we have N, f =p(l -p)(‘-‘).
Thus, total population
at time t, N, = CL, _,N,,I,
is constant’and
equal to 1.
Following Blanchard
(198.5) and Yaari (1965), we assume the existence of
annuity markets whenever there is uncertainty
about death (i.e., when 0 <p
< 1). Annuity
firms make (receive) every period an annuity
payment
to
(from) each consumer holding positive (negative) financial wealth, and inherit
the wealth of that consumer
at his death. A zero-profit
condition
in those

J. Gali. Tune-senes analysrs of aggregate consumption and sacrings
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markets, together with the population
structure described above, implies an
effective gross return
on individual
nonhuman
wealth of (1 t-z), where
(l-tz)=(l+r)(l-p)-‘,
with (1 + r) being the ‘pure interest
rate’ and
(1 - p>Y ’ the ‘annuity rate’.5
When p = 0, the consumer’s horizon becomes infinite, no new cohorts are
born (or, equivalently,
they have zero size), and z = r (since annuities do not
exist). In that case the structure
of the life-cycle economy collapses to the
infinite-lived
representative
consumer
economy. When p = 1, each cohort
lives for one period and is fully replaced by the next cohort in the following
period. In the latter case the model is reduced
to a sequence
of ‘static
economies’ with no savings.
2.3. Optimal indir+dual beharior
In period t. each consumer born at time s maximizes
discounted
value of utility. Formally he solves:

maxE,

2 (1 +SF’(l

his expected

present

-p)‘U(c,.,+,),

/=0

subject

to
W

S.t+l+J

=

w,.,+,u

lim (1 + z)-‘WA,,+,
I-m

+z)

+tL+,

-c,,I+,’

= 0,

(1)
(2)

W is nonhuman
wealth, and
for j = 0, 1,2,. . . , and where c is consumption,
x at time t, for a
yl is labor income. x,,, denotes the value of variable
consumer
born in period s. 6 is the discount
rate. E,x,,,+,
denotes the
expected value of x5. l +J conditional on the consumer being alirte in period t + j,
given the information
available at time t. (1) and (2) are the budget constraint and transversality
condition,
respectively.
Individuals
are assumed to
be born with zero financial wealth, i.e., W,,, = 0.
Assuming
quadratic
utility and r = 6, the first-order
condition
of the
dynamic program above implies
E t-, AC,,, = 0,
i.e., indiridual consumption

(3)
is a martingale

with no drift.

5For a consumer
dying m period t, death occurs before labor income is earned and goods
consumed m that period, but after interest is earned on wealth invested at the beginning of the
period. The presence of annuities (together with a zero-profit condition on annuity firms) can be
seen as an effective transfer
of wealth within members
of the same cohort.
Specifically.
W,,,_,tl + r)pN,,,m,
LSeffectively transferred
to the (1 -p)N,,,_,
members who remain ahve,
each thus getting W,,,_,(l + r)p/(l
-p). Added to the usual return W,,,_,(l + r), this yields an
effective return equal to (1 + rW1 -p)-‘.
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Applying (3) to the intertemporal
budget constraint
of our consumer derived using (1) and (2) - we get the following
expression
for current
individual consumption:

where
&,=(l+z)-

: (l+z)-‘E,yl,,,+,
] -0

is a measure of human wealth in period t for a consumer born in period s.
Notice that the model for the individual consumer here is formally identical
to the standard representative
consumer
model. The only difference lies in
the presence
of an ‘augmented’
discount
rate, which reflects the shorter
expected horizons.
2.4. Labor supply and labor income ol’er the life cycle
The amount of (effective) labor services supplied by an individual
conover his lifetime
sumer, denoted by L,.,, is assumed to decline geometrically
at a rate (Y, reflecting underlying
changes in his productivity
and/or
hours
supplied. Specifically, we assume
L,,, = (T/p)(

1 - cy)?

where 0 I (Y< 1, and r = [ 1 - (1 - (Y)(1 -p)] satisfies the obvious aggregation/normalization
restriction
1 = L, = c: = _xL,,, N,. ,, where we drop the s
subscript to denote an aggregate variable. Obviously, the concept of declining
labor supply is meaningless
in the context of the representative
consumer
model. Thus, when p = 0 we will automatically
assume cy = 0.
From the previous assumption
it follows thath
Y/J,, = L,,,yl,

= (T/p)(

1 - &')yl,

.

(5)

‘Given p. Intergenerational
distribution
of aggregate labor income implied by (5) depends on
a single parameter
(Y. That specification
IS particularly
convenient in the subsequent
econometric
implementation, but the nice aggregation properties of the Blanchard-Yaari
framework
do not
depend on it. Given a general time-invariant
labor-supply
equation.
L,,, = Q(s, t), it IS not
difficult to show that aggregation
wdl go through as long as Q(s. t) is a function of (t-s)
only - i.e. Q = Q(t -s) - and satisfies 1 = xt::= _,Q(t - s)N,,,. In that case we can always
express
aggregate human
wealth
as H, = (1 + z)-‘c”=,,(l
+ z)-‘M,E, yl,,,,
where
M, =
PC:= _=Q(t + j - s)(l -p)‘-‘.
A class of functions sat&ing
the previous requirement
is given
by Q(t-s)=(l/p)~~=,~~(l
-cY,)‘-‘.
where r,=[l
-Cl-p)(l
-cu,)]/9.
I= l,...,q.Ascan
be
readdy seen, the specdicatlon
used in (5) corresponds
to 9 = 1
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2.5. Aggregu te beha uior

Expressions for the main aggregates can now be easily derived. Aggregate
nonhuman wealth, W, 5 Et= _J& I?,. ,, wilI satisfy

which captures the fact that, in the aggregate, the return on financial wealth
is r instead of .z, since annuity payments represent pure transfers among
consumers.
Aggregate human wealth, H, = EL= ._,N, ,hJ,,,, will be given by
H~=(l+z)-‘~(1+z)-~(l-or)‘E,y~~+,,
]“”
where the equality follows (after some algebraic manipulation)
definition of H,., and (5).
Aggregate consumption, c, = c: c _+ce f A’,, i, is given by

(7)
from the

Assuming that E(Ayl) exists and is equal to p, we can rewrite (8) in the
following convenient way:
c, = R +

zw,i- flyf, + Lt,,

(9)

where

and

Notice that (9) establishes a linear relationship between aggregate consumption, labor income, and nonhuman wealth identical to the one postulated in
the early life-cycle literature [e.g., Ando and Modig~iani (1963)]. The nice
aggregation properties of the Blanchard-Yaari
framework generate a very
simpie relationship between the coefficients of the consumption equation and
the underlying structural parameters. To the extent that aggregate labor
income shows positive average growth Q.L> 0) the constant term R will be
positive. In the presence of life-cycle savings ((u > O), p - the ‘marginal
propensity to consume’ out of yf in (9) - will be less than one. Note also that

J. Gali, Time-series analysis of aggregate consumption and sarings
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the disturbance
term U, has, by construction,
zero mean, but will typically be
serially correlated
and correlated
with W, and yl,. By setting p = (Y = 0 the
model yields the infinite-horizon
consumption
function c, = (P/T) + rW, + yl,
+ u,.’
Given initial values for yl and W, the joint behavior of aggregate consumption, non-human
wealth and labor income is fully characterized
by (61, (91,
and a stochastic process for aggregate labor income.

3. Finite horizons, life-cycle savings,
of macroeconomic
time series

and long-run

behavior

This section examines the implications
of the life-cycle model developed
above on the long-run
behavior of aggregate consumption,
labor income,
nonhuman
wealth, and savings. Much of the discussion is carried out under
the maintained
hypothesis that aggregate labor income is a unit-root process
with (positive) drift, an assumption
to be justified below on empirical grounds.

3.1. Long-run

beharior

of consumption

As noted above, the assumption
of equality between the discount rate and
the return on financial wealth implies that changes in indiridual consumption
are a martingale
difference
process with zero mean, independently
of the
stochastic properties
of labor income. That result does not carry over to
aggregate consumption.
As is shown next, and as long as p > 0, aggregate
consumption
will show a trend closely related to that in aggregate labor
income.
To see this, notice that aggregate consumption
in period t can be decomposed as follows:
t-l

ct =
s=

c

cs,tN,,t+4 tct
5

.

f’

-m

Applying the E,_, operator to both sides of the previous
using the martingale
result above, we get:
E,_,c,=

(1 -P)c,-,

expression

and

+PE,-,c,.,.

Thus E t_ ,c, has two components.
The first one corresponds
to expected
one-period-ahead
consumption
by those alive at t - 1 who will remain alive
‘When p = 1, z is not well defined
aggregate
consumption
function follows
given by c, = yl,.

and, as a result. neither is eq. (9)
trivially from the consumer’s
budget

In that case, the
constraint,
and is
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at t. The second component
reflects the level of consumption
by the new
cohort born at t, as expected at t - 1. The assumption
that individuals
are
born with zero nonhuman
wealth implies that c,., = zH,.,. Using the expression for individual human wealth above we can derive, after some manipulation,
Ct=(1-p)c,_,+~pyl,_,+~(l+z)(I-cu)-1~~~~~,-,l+77~.
(IO)
where IJ~ = c, - E,_ 1c, is the innovation
in aggregate consumption,
and r,
R, p, and u are defined as above. Two parameter
configurations
are relevant:
Case I: p = cy = 0 (infinite horizons).
In this case r = 0 and (10) collapses
to Hall’s (1978) martingale
result AC, = T(. The trends in consumption
and
labor income are ‘decoupled’: aggregate consumption
follows a random walk,
independently
of aggregate labor income’s low frequency properties.

Case II: p > 0, (Y 2 0 (finite horizons, with or without
this case r > 0, and we can express c, as an infinite
yl’s plus a zero mean disturbance
term:
c,=TR(1+z)/p(1-a)+~/3~(1-p)‘yI,_,_,+v,,
, =o

In
life-cycle savings).
distributed
lag of past

(II)

where
Vf= 5 (l-P)‘[(I‘(l+r)/(l-+-,~,+?&].
J=o
It is clear from (11) that, as long as p > 0, aggregate consumption’s
trend will
share the features of aggregate labor income’s trend. Thus, if yl is an Z(1)
process with drift, then c will also be. First-differencing
both sides of (11)
and applying the unconditional
expectation
operator yields:

E(Ac) = (O/P)PCL,
i.e., finite horizons
imply that average changes in c are proportional
to
average changes in yf. In the absence of life-cycle savings (cr = 0), we have
/3 = 1 and r=p,.
thus implying E(Ac) = k.’
‘For

small values of cy, E(Ac) will be very close to F.
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The nature of the link between
yl and c when p > 0 is now made
precise. By subtracting
c,_, from both sides of eq. (10):
AC,=

-PC,_,

+r@yl,_,

+ (r(l

+z)/(l

-a))[fi+u,-11

more

+17r.
(12)

If yl is an 1(l) process, both AC and u are Z(O), so it must be
(rpyl,_,
-PC,_ 1) is also Z(0). In other
words,
c and
cointegrated
- in the sense of Engle and Granger (1987) - with
ing vector [l, -T/3/p].
In the particular
case of CY= 0, that
vector simplifies to [ 1, - 11.

3.2. Long-run

behavior

of aggregate wealth and sarings

Using (6) and (9) the following expression
relating
wealth to aggregate labor income can be derived:

aggregate

W,+1=[1-(z-r)]Wj-Li+(1-j3)yl,-u,.
It is convenient

the case that
yl must be
a cointegratcointegrating

to consider

the following

nonhuman

(13)
three cases:

In this case r = z, /3 = 1, and 0 =
Case I: p = CY= 0 (infinite horizons).
p/r. Accordingly,
(13) simplifies to Campbell (1987)‘s ‘rainy day’ equation:”
s,=AW,+,

= --p/r--u,,

i.e., savings are stationary and their unconditional
expectation
is proportional
to average labor income growth, though with the opposite sign. Accordingly,
when yl is 1(l) with positive drift, nonhuman
wealth is 1(l) with negative
drift.
Case II: p > 0, (Y = 0
z > r, p = 1, 0 = k/z,
w,=-

p

z(z-r)

(finite horizons, no life-cycle
and (13) can be rewritten as:

-

f

savings).

In this case

[(l-(z-r)]‘ur-,-j.

, =0

‘Notice that savings are defined as the change in nonhuman wealth. In the context of a model
with no capital gains that defimtion is equivalent to disposable income minus consumption
- the
N.I.P.A. definition. In the presence of capital gains the present definition is the relevant one and
the one used in the subsequent
empirical work.
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If yf is Z(l), W will be Z(O) with unconditional
-_(Z_~/zpl. Accordingly,
savings will be stationary

In this case we have
life-cycle savings).
for nonhuman
wealth obtains:

Case Ill: p, (Y> 0 (finite horizons,
p < 1, and the following expression

w= -&y+

expectation
-Z_L/Z(Z - r> =
with zero mean.

5 [(l-(z-r)l'[(l-P)yl,_,_,-u,_,_,].

,=o

Thus W is a distributed
lag of yl and will share the latter’s low frequency
features. In particular,
if yl is an Z(1) process, W will also be Z(1). In that
case, savings will be Z(O) with a well-defined
unconditional
expectation:

E(s)=E(JW)=
Notice that (~?E(sl/a(ul>
use of the term ‘life-cycle
follows:
AW,=

(1 -P)P
(z_-y)

=:(~-p)~./~.

0 when Z_L
> 0, a property which motivates the
we can rewrite (13) as
savings’. Furthermore,

-(.~-r)W,_,+(1-~)yl,~,-fi-u,_~.

If yl is Z(l), we know u and AW are stationary, so it must be the case that
W and yl are cointegrated
with a cointegrating
vector [l, - (1 - p)/(z - r)].
In other words, the presence
of life-cycle savings links the trend in labor
income and that in nonhuman
wealth.‘”
Table
1 summarizes
the implications
of finite horizons
and life-cycle
savings on the order of integration
and the unconditional
expectations
of
consumption,
nonhuman
wealth, and savings, under the maintained
hypothesis of a unit root in labor income. Under that assumption
aggregate savings
are stationary independently
of the relevant horizon and/or
the presence of
life-cycle savings. From this, it follows that total income and consumption
will be cointegrated
regardless of the values of p and cr.
It is important
to stress at this point that a common trend in yl, W, and c
is not necessarily inconsistent
with any infinite-lived
representative
consumer
model. Indeed, a variety of representative
consumer models developed in the
imply a balanced
growth path for those
real business-cycle
literaturel’
variables, thus generating
a similar cointegration
result. In those models the
“‘It can be shown that C~fi/~?cu) < 0 and (@I/&X) < 0. Intuittvely, a higher value of (Y implies,
lower expected
hfettme resources
for those currently
alive and thus lower
consumption.
When (Y> 0. the W process becomes affected by the current level of yl [see eq.
(13)1. so that permanent
changes in yl will have a permanent
effect on W’s ‘steady-state’
value
and will thus generate the common trend between yl and IV.

cetaris paribus,

“See

Kmg, Plosser.

and Rebel0

(1988) for a survey of those models.
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Table
Long-run

properties

1

of c, W, and s when )‘I has a unit root.”
Assumptions

Cl[c.

on p and (Y”

p=cu=O

p > 0: u = 0

I(l)
0

01)

c
Et-lc)

-

y/l’

W
E(W)
CI[ W. I’! I’

I( 1)
-

s=AW
E(s)

I(O)
-(p/r)

443

p > 0: cy > 0
I(l)
(FP/Pb

t1.F

1)

I(O)
-w/=LJ
I(O)
0

(I. - I’P/p)
I(l)
(1. -(I

-p,/p,
I(O)

(I -Pb/p

“c denotes
aggregate
consumption,
W IS aggregate
nonhuman
wealth, 5-_tW is aggregate
savings, and ?‘I is aggregate
labor mcome. J is the first-dtfference
operator
E is the unconditional expectation
operator.
I(d) denotes integration
of order d. p 1s the mean of Jy1. p is the
one-period-ahead
death probabihty.
r is the interest rate -_=(I +r)/(1
-p), r=[l
-(I -a)
(1 -p)l, and p = z/f z + a) a is the rate of declme in Individual labor supply.
‘Under p > 0 fintte horizons are present. Under (Y> 0 life-cycle savmgs are present.
‘CI[.r, y/l denotes the cointegrating
vector between .\ and y(

drift in consumption
results from the interest rate being (on average) higher
than the discount
rate along the equilibrium
path, i.e., they require the
presence of significant intertemporal
substitution
effects.” The present model
provides an alternative
- though not incompatible
- source for the common
trends in c, yl. and W, based on life-cycle rather than intertemporal-substitution considerations.

3.3. Long-run

behavior

of c, yl, and W: The elidence

Fig. 1 plots the time series for aggregate labor income. consumption,
and
nonhuman
wealth
corresponding
to the
U.S.
economy
over
the
1954:IL1988:III
sample period. We use an updated version of the data set in
Blinder and Deaton (19851. The data are quarterly, seasonally adjusted, per
capita variables, measured
in 1972 dollars.‘3 A glance at fig. 1 suggests that
“Some recent work has attempted
to measure the sigmficance of mtertemporal
substitution
m
consumption.
Deaton (1987) argues that relaxing the r = 6 assumption
and mtroducmg
intertemporal-substitution
factors IS not likely to reconcile the infimte-hortzon
model with the observed
long-run features of the data, since consumption
growth has remamed positive even m periods
characterized
by persistent
negative real rates. Hall (1988) and Campbell and Mankiw (1989)
estimate the intertemporal
elasticity of substttution
m consumption
to be zero or close to zero.
13The consumption
data are for nondurables
and services, excludmg shoes and clothmg. The
ortginal
series is scaled up so that its sample mean matches
the sample mean of total
consumption.
The nonhuman
wealth data corresponds
to the MPS series for household
net
worth. A detailed description
of the way the labor Income series is constructed
from the NIPA
data can be found m Blinder and Deaton (1985). The data set was kindly provtded by Angus
Deaton and Anil Kashyap.
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Frg. 1. Postwar
terly. seasonally
scale: aggregate
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66
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67

U.S. time series for consumption,
labor income, and nonhuman
wealth. Quaradjusted, per capita values, in 1972 dollars. Sample period: 1954:1-1988:III.
Left
labor mcome (sohd line) and aggregate consumption
(short dashes). Right scale:
aggregate nonhuman wealth (long dashes).

the three time series may share a (possibly stochastic) common upward trend,
as is the case for many postwar U.S. series.
Tables 2, 3, and 4 formalize some of the intuition
obtained by looking at
fig. 1. Table 2 reports the sample means of AC, AW, and Ayl, and the
corresponding
t-statistics.
The three statistics are positive and significantly
different
from zero. In the life-cycle model developed
above (and given
p > 01, E(Ac1 > 0 results from finite horizons, whereas E(Awl > 0 is a consequence of life-cycle savings. Thus, in that model’s context, the finding of
significant positive drifts in consumption
and nonhuman
wealth support the
idea that both finite horizons and life-cycle savings play a significant role.‘”
Table 3 reports the results of Dickey-Fuller
(1979) and Phillips-Perron
(1988) tests for unit roots. All the test statistics corresponding
to yl, c, and W
fall within the 95 percent confidence
region and are thus consistent with the
hypothesis of a unit root in those series. Applied to the first-differences
of
“In the context of a similar framework,
Evans (1988) and Startz (1990) develop
two
alternative
regression-based
strategies
to assess the empirical
relevance
of finite horizons,
reaching opposite conclusions.
Neither paper allows for labor income decline. which may lead to
misspecitication
of the estimated equations If (Y> 0 - as the analysis m this paper suggests.
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Table 2
Sample

means of AC. JJI.
Sample

AC
31’1
3W

and JW.”

mean

r-statisticb

3.05
3.14
96.19

3.67
2.76
3.29

‘c denotes aggregate
consumption,
U’ IS aggregate
nonhuman
wealth. and >d is aggregate
labor income. J IS the first-difference
operator
Data: U.S. quarterly.
seasonally-adjusted,
1972
dollars. per capita variables. The sample period is 1954:I-88.111.
bt-statistlc
associated
with the null of a zero mean m the variable on the left column.
Computed
using a four-lag Bartlett-wmdow.

Table 3
Tests for umt roots.d.h
N(I, - 1)’

td
6’

z(p)

ZO,)

4’1
c
W

-4 18
-6.1 I
-5.13

- 1.51
- 2.53
- I.45

- 7.24
-8.12
- 10.34

- I.95
- 2.58
-2.14

JJ
3c
3W

-953x
- 103.75
- 60 93

-X.42
- 8.96
-6.13

- 100.59
- 112.22
- 53.86

- 8.54
-9.13
- 5.86

-20.7
- 27.4

- 3.45
- 4.04

- 20.7
- 27.4

- 3.45
- 4.04

Critical values”
5%’ level
1% level

‘c denotes aggregate
consumption,
W IS aggregate
nonhuman
wealth, and )‘I is aggregate
labor Income. 3 is the first-difference
operator.
Duta: U.S. quarterly. seasonally adjusted, 1972
dollars, per capita variables. The sample period is IY54:1-19X8:111.
hAll these statistics based on a OLS regressjon of each variable on its own lag, a time trend.
and an intercept.
‘Dickey and Fuller (1979) ‘normahzed
bias’ statlstlc.
“Dickey and Fuller (1979) t-statistic.
‘Phillips and Perron (1988) ‘normalized
bias’ stat&x.
‘Phillips and Perron (1988) t-statistic.
‘Critical values correspond
to the null of a umt root against a trend-stationary
alternative.
reported in Fuller (1976). A statistic value less than the critical value corresponds
to a rejection

the same variables, the test statistics systematically
reject a unit root at the 1
percent
level. The evidence
thus suggests that c, yl, and W are well
characterized
as Z(1) processes. Again, this is a result consistent
with the
presence of both finite horizons and life-cycle savings.
Table 4 reports the estimated cointegrating
regressions between yl and c
and between yl and W, as well as three statistics corresponding
to residualbased cointegration
tests. The asymptotic
distribution
of those statistics
under the null of no cointegration
is derived in Phillips and Ouliaris (1990).
The formal tests do not reject a unit root in the residual of the cointegrating
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Table 4
Tests for cointegratton.”

9
cc.yl)
(Y1.C)
(IV, $1
( yf, IV I

-

I)

w.c

mm,)”

Z(p)

ztt,Y

1.01
0.96

0 0:.
0.07

- 1.97
_ 2.12

- 7.44
- 8.00

- 1.88
- 2.01

21.44
0.04

0.04
0.04

- I.92
- 1.93

- 4.39
-445

-1.40
- I.46

Critical valuesg
- 17.03
- 3.06
10% level
-3.06
- 20.4
- 3.36
5% level
- 3.36
--.-.~.-.-.-_-_
-.--~
-.-“c denotes aggregate
consumption.
U’ is aggregate
nonhuman
wealth, and yl is aggregate
labor income. -1 is the first-difference
operator.
.&tu. U.S. quarterly,
seasonally adjusted, 1972
dollars, per capita variables. The sample period IS 1954:1-1988:III.
‘In (x, p) row, .$ is the OLS estimate in a cointegrating
regression
x = constant + [y + rt.
‘Durbin-Watson
statistic for the regression described above.
‘Augmented
Dickey-Fuller
test statistic applied to the fitted residuals from the comtegratmg
regression.
See Phillips and Ouliaris (1990) for a description
of the statistic.
‘Phillips
‘normalized
bias‘ statistic applied to the fitted residuals
from the cointegrating
regression.
See Phillips and Ouliaris (1990).
‘Phillips
f-stattstic
applied to the fitted restduals
from the cointegrating
regresston
See
Phtlhps and Oulians f 1990).
‘Critical values obtamed from Phillips and Ouliaris 11990).

regressions, and cointegration cannot be for~aliy established for either pair
of variabfes. This result weakens the evidence for the life-cycle model, since
the latter predicts cointegration. Of course, the fact that cointegration cannot
be established does not imply a rejection of that model. Nevertheless,
the large persistence observed in the residuals of the cointegrating regressions - reflected in Durbin-Watson
statistics close to zero - suggests the
existence of factors which affect the long-term behavior of the three series,
but which are ignored by the model. Among candidate explanations we have:
measurement error (particularly in the constructed labor income series),
highly persistent fluctuations in the value of financial wealth (e.g., persistent
‘bubbles’), persistent preference shocks, and liquidity constraints. Unfortunately, procedures for discriminating between those sources (or others) are
not obvious, and its development is beyond the scope of this paper.
3.4. Long-run behaclior and calibration of r, p, and a:
The life-cycle model can be calibrated in a way consistent with the
observed long-run behavior of different variabIes. Given (6), a natural estimate for r is given by the sample mean of tkV,+I - yl, + c,)/W, - 1, which
yields a value of 0.0042 (i.e., a 1.7% annual rate). Parameter p is calibrated
as the reciprocal of the consumer’s expected lifetime (in quarters), given a
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Table 5
Cahbration
Expected
40
45
50
55
60

of parameters

p. (Y, and p.

lifetime
0.0067
0.0055
0.0050
0.0045
0.0041

years
years
years
years
years

0.0020
0.0016
0.0014
OOOll
tJ.00 IO

0.0016
0.0013
0.001 I
0 0009
0.0008

0.839
0.856
0.870
0.882
0.892

0.865
0.880
0.892
0.902
0.910

“One-quarter-ahead
death probabtlity
consistent
wrth the expected
lifetime on the left
column.
‘Rate of decline m indrvidual labor supply consrstent with observed average savmgs. given ‘p’
on the second column
‘Rate of declme m relative labor income consrstent wrth the esttmated comtegrating
vector
for W’ and J$. given ‘p’ on the second coiumn.
“Margmal
propensity
to consume
out of labor mcome consrstent
with observed
average
savings, given ‘p’ on the second column.
‘Marginal
propensrty
to consume out of labor income consr\tent
wrth the estimated corntegrating vector for R’ and >d, given ‘p‘ on the second column.

reasonable
range of values for the latter. An estimate for a can then be
obtained using p’s definition and the previous results p = 1 - (ECs)a/l.~) or,
alternatively,
p = 1 -p.$,.. where [,,, is the coefficient
in th,e cointegrating
regression of W on ~1. ye caAn thus define the estimators
p, = 1 - (ipp/$J,
p, = 1 -p.$,,
G5 =z(l -PSI/p,,
and c?, -=(I -&I/p,,
where 2, fi, and 5,
are the available consistent
estimates for Eis), p, and .$,..
Table 5 reports the estimates
of p,, p,C. c?,, and G,,, obtained
under
alternative
assumptions
on the consumer’s expected horizon, ranging from 40
to 60 years. The estimates have a reasonable
order of magnitude
and do not
seem too sensitive to the horizon nor the procedure
chosen. Estimates
of
cx - the rate of decline in relative labor income - range between 0.0008 and
0.002 (0.3% and 0.8% at annual
rates). Estimates
of /3 - the marginal
propensity
to consume out of aggregate labor income in (9) - range between
0.83 and 0.91.
4. Finite horizons,
4.1. Predictability

life-cycle

savings,

of consumption

and consumption

puzzles

in the life-cycle model

In contrast
with the representative
consumer
model [Hall (1978)1, the
life-cycle model implies that changes in aggregate consumption
should be
predictable.
This can be easily seen by rewriting eq. (10) as follows:
E t_,3c,=

-pc,~,+~pyl,_,+~(l-tz)(l-cu)-‘[n+~,_,].
(10’)
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If p = (Y= 0, then r = 0 and eq. (IO’) collapses to the martingale result.
However, to the extent that p > 0 (and therefore r> O), changes in aggregate consumption will be predictabte by lagged labor income, lagged consumption, and any lagged variable correlated with u,_, (i.e., with lagged
expectations of changes in future aggregate labor income).” However, the
predictability of consumption implied by the life-cycle model is not unrestricted: (IO’) actually imposes restrictions on that predictability. Given a
univariate process for aggregate labor income, such restrictions can be tested
econometrically.
To illustrate this, assume that aggregate labor income
changes follow the AR(l) process (1 - pL) Jyl, = ~(1 - p1-t F,. This simple
model captures pretty well the serial correlation properties of labor-income
changes and has been used by many authors [e.g. Deaton (198711. The
life-cycle model implies a regression equation of the form:
d.k,=a,,+n,c,_,

+a,yz,_,-+-a,AyI,-,

+X,_,A +qtq

(141

where E,._ iqr = 0, X,_ 1 is a (1 X nr) vector containing any stationary variable
known as of period r - 1 (other than A$,_, or a stationa~ combination of
c,_ 1 and yi,_ ,I, and A is a Cm X 1) parameter vector. Under the AR(l)
assumption for dyl the model predicts that X,_, should not appear in (141,
i.e., A should be zero.
That restriction can be easily tested econometrically. Table 6 reports the
results of such a test. We specify Xr(Ayf,_,,~yl,_,,d~I,_,).
Row (1) in
that table reports the estimates of the regression of AC on four lags of Ayi.
Under the infinite-horizon model tp = (Y= 0) all the estimated coefficients
should be jointly insignificant, but the F statistic clearly rejects that hypothesis at a very low significance level. This rejection of the infinite-horizon model
corresponds, essentially, to the findings in Flavin (1981) and others.
Row (2) shows the coefficient estimates of a similar regression, but now
lagged c and lagged yl are also included as regressors, thus allowing for
finite-horizon effects. As discussed above, under the AR(l) assumption for
Ayl, the life-cycle model predicts that the coefficients on ity1,_,, 9,yl,_,, and
dyl,_, should be zero, Interestingly, even though yl and c are 1(l) series,
the OLS estimates of those coefficients are as~~totically
normal under the
life-cycle model’h [West (19881, Sims, Stock, and Watson (199011, which
allows us to test the A = (O,O,OYnull with the usual F statistic. The value of
‘“Notice that the predtctability
of consumption
changes does not hinge on the presence of
declining labor supply over the individual consumer’s lifetime (a > 01 but on fintte hwt~~n~.
“Note

a,(W-,

as AC, = constant + a,[~,-,
- 5, yl, _ ,I + (a,$, f a,)Yl, I +
A,(AyI,_, - p) + qt. where (1, - 5,) is the comtegrating vector between c

that (14) can be rewrttten

-kL)+C,,,

and yl implied by the model (see table 1) and F = E(3yI) > 0 as shown above (table 2). Such a
‘transformed’
regression
corresponds
to the regression
model analyzed by West (1988) and for
which OLS esttmates are asymptotically
normal.
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Table 6
Predictability
Dependent

variable:

2.736
(1.461)

(2)’

- 0.854
(1.348)

m the Ilfe-cycle model.J

Jc,

Explanatory
variables:
Constant
(l)h

of consumption

)‘I,-,

c, ~,

- 0.00’)
(0.010)

0.013
(0.010)

F

A.vl,_,

&I,_,

-l.?I,_i

A?‘I,_,

0.095
(0.011)

- 0.026
(0.01 1)

0.096
(0.041)

0.216
(0.044)

15.7?

0.087
(0.038)

- 0.037
(0.03Y)

0.085
(0.030)

0.201
(0.039)

1?.93d

‘Ic IS aggregate
consumption
and yl is aggregate
labor income. J IS the first-difference
operator.
Data, U.S. quarterly.
seasonally
adJusted,
1972 dollars, per capita variables.
The
sample period 1s 1954:1-1988:III.
hOLS regression
of Jc on four lags of Ayl. Standard
errors m brackets.
F statistic
corresponds
to the null that the coefficients on the four lags of Jyi are all zero. Sample period is
1955:1-1988:III.
‘OLS regressmn
of Jc on lagged c. lagged vl, and four lags of Ayl. Standard
errors m
brackets. F statistic corresponds
to the null that the coefficients on JyI,_?. -1yI,_,, and AyI,_a
are all zero. The sample period I$ lY55:1-19X8:111.
‘Slgndicant
at less than 1 percent level.

F obtained
is highly significant,
thus rejecting the simple restriction
on the
predictability
of consumption
implied by the life-cycle model. In other words,
even though the life-cycle model implies that consumption
changes should be
predictable,
the evidence suggests that much of that observed predictability
cannot be accounted
for life-cycle factors, i.e., consumption
changes appear
to be ‘too predictable’.
4.2. Variability

of conswnption

in the life-cycle

model

Recent evidence
using postwar U.S. data suggests that consumption
is
smoother than is implied by the infinite-lived
representative
consumer model
[Deaton (1987), West (1988a). Campbell and Deaton (1989)J.” The life-cycle
model developed
above suggests that the finding of excess smoothness
in
consumption
may be spurious, since it may arise from neglecting the role of
finite horizons and life-cycle savings. Eq. (9) above implies

vl=p

5 (l+z)-‘(1
/=O

-a)‘(E,-E,_,)AyL’1,+,,

(16)

“Attempts
to explain the excess-smoothness
puzzle by relaxmg some of the assumptions
m the
standard
infinite-horizon
model can be found in Christian0
(1987). Quah (1990). Diebold and
Rudebusch
(1990), Caballero 11990). Gali (1990). and Zeldes (1989). among others.
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where n1 is the innovation
in aggregate consumption
resulting from news
about future labor income.
Assuming
A$ follows the univariate
AR(l) process introduced
above we
can rewrite (16) as follows [Hansen and Sargent (1981)]:
(17)
where ‘I’ = p(l + z )/[( 1 + z) - (1 - (~)pl. If p, LY> 0 (and, accordingly,
z > r
and p < l), the innovation
in consumption
resulting from an innovation
in
labor income predicted by the life-cycle model is smaller than that predicted
by the infinite-horizon
model (p = (Y= 0, z = r, /3= 1). This results from the
wedge that finite horizons
and life-cycle
savings introduce
between
(a)
the revisions in expectations
of future aggregate labor income and (b) the
revisions in expected labor income accruing in the future to those who are
currently alive, i.e., those whose decisions affect current aggregate consumption.
Using (T(X) denotes the standard deviation of x, we have that a(k)
2 (T(T)
by construction.
Thus, (17) implies
@EV(dc)/a(F)

2 q.

The previous inequality can be tested econometrically,
given the values for
D, r, (Y, and z obtained above.” Table 7 reports the results of the test. @, the
ratio of standard deviations on the left-hand side of (18), is estimated to be
0.54, less than half the estimated value for 9, the lower bound implied by the
life-cycle model. Estimates of the latter range from 1.23 to 1.31. As indicated
by the t-statistic
the difference
is highly significant.
Thus, the evidence
suggests that consumption
is much smoother than a model allowing for finite
horizons and life-cycle savings predicts. Even though both factors decrease
the variability of consumption
consistent with optimal behavior by consumers,
reasonable
parameterizations
of the model consistent
with the long-run
properties of the data still imply a standard deviation for aggregate consumption more than twice the size of the observed standard deviation.”
“A similar test is carried out m West (1988a) in the context of a representative
consumer
model. The test uses a GMM procedure
[Hansen (1982)] with the just-identifying
orthogonahty
conditions
given by

[(dYl,-~L-PP(~~l,-,-~cL)l-lYl,~,
E

[(~)‘[,-~)--_~(~y~,_,-~)]~-a’(~)

=

0
0

, all t.

0
@cl-E(Jc))‘-a’(&)
[
For computational
simphctty. I assume that E(3c) and F are known and equal to their sample
counterparts.
Thus the parameter
vector estimated
is [p,r’(~),(~~(Jc)]l.
A test for ‘excess
smoothness’
can then be constructed
as a one-sided test of the nonlinear
restriction
implied by
(18) on the elements of that vector, with the inequality stgn replaced by an equality sign.

1 iI

‘“Usmg a traditional
life-cycle model,
allows for serial correlation
in LIyl

Clarida

(1988) reaches

a stmilar

conclusion

when

he
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Table 7
Excess smoothness
Estimated

Additional
Excess smoothness
Expected hfetime

AR(l)

m the life-cycle

model for 3~1: LvI, =

estimates:h

2.65
(0.65)

+

model.”

0.3233~1,_,
(0.08)

G(F) = 6.89. &(3c) = 3.73, 3 = G(&)/&(E)

+ e,. D.W. = 2.01
= 0.54, i= 0.0044

tests:
T”
1.23
1.28
1.31

40 years
50 years
60 years

(T-6)
0.69
0.74
0.77

t-statrsticd
7 42
7.62
7.75

‘C IS aggregate
consumption
and ~1 IS aggregate
labor income. 3 IS the first-difference
operator.
Data: U.S. quarterly,
seasonally
adjusted,
1972 dollars, per capita variables
The
sample period is 1954:1-1988:III
‘G(X) denotes variable I’S sample standard deviation.
‘q denotes
the variance
ratio o(~c)/(T(F)
predicted
by the hfe-cycle model under the
estimated
AR(I) model for 3~1, Y = 0.0044, and the p, value reported
in table 5 for each
assumption
on expected lifetime.
“The t-statistrc corresponds
to the null 4 = V.

5. Summary

and conclusions

In this paper we have developed an explicitly aggregated life-cycle model
which preserves much of the tractability
and easy econometric
implementation that characterize
the representative
consumer model.
The life-cycle model generates
a common
upward trend in aggregate
consumption,
labor income, and financial wealth. That trend is consistent
with individual
consumption
being a martingale
(without drift). The model
also implies that aggregate consumption
changes should be predictable
and
smoother than the representative
consumer
model predicts. Thus, the lifecycle factors appear
as a potential
explanation
of some of the puzzles
examined
in the recent consumption
literature.
However, formal empirical
tests applied to postwar U.S. data suggest that neither the predictability
nor
the smoothness
of consumption
changes can be fully accounted
for by
life-cycle considerations.
Further research is needed to pin down the source(s)
of departures
from the model’s predictions.
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