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given date, each individual’s consumption depends on the integral of
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assets will do so, so that the dispersion of total income will increase,
irrespective of the behavior of earnings. Because the result applies to an
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consistent with constant aggregate inequality over time. Cohort data are
constructed from 11 years of houschold survey data from the U.S., 22 years
from Great Britain, and 14 years from Taiwan. They show that within-cohort
consumption and income inequality does indeed grow with age in all three
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0. Introduction

This paper is concerned with the proposition that, for any fixed mem-
bership cohort of consumers, the cross-sectional dispersions of con-
sumption and income are increasing over time. Such a proposition is
perhaps not very surprising in a world in which the dispersion of earn-
Ings is increasing over time, but it holds more generally. The con-
sumption of each individual depends on lifetime earnings, so that, even
if individual earnings are stationary, consumption at any age depends
on the integral of all unanticipated income shocks up to that age. As a
result, if there is some degree of independence in the shocks experi-
enced by different individuals, dispersion within the group will be in-
creasing over time. While the dispersion of earnings does not change in
such a case, the dispersion of assets will be increasing during the work-
ing years of the life-cycle, and this implies that there will also be
widening inequality in the distribution of total income, defined as the
sum of earnings and asset income. These results do not imply that con-
sumption and income inequality will increase for society as a whole.
Inequality is greater among older cohorts, and less among the young,
but since young people are continually replacing the old, there is no
presumption that overall dispersion should increase. However, if people
live for ever, or if households do so through infinitely lived dynasties,
then society should experience ever-increasing inequality.

The fact that the permanent income hypothesis implies that the
variance of consumption should increase over time was originally
proposed by Benjamin Eden in correspondence with one of us, and
some of the more general propositions are implicit in Eden (1980). In
Section 1, we start from Eden’s insight and lay the theoretical ground-
work, starting from the case of independent random walks. We show in

what sense the result continues to hold when individual consumption



innovations are not assumed to be independent, and we show that the
result is more general than the certainty equivalence assumptions re-
quired to justify random walk consumption. We also discuss the role of
preference shifters. Most importantly, we show that the examination of
whether or not consumption dispersion increases with age can be useful
for testing alternative theories of consumption. If there is perfect
consumption insurance—effectively complete contingent markets—
consumption dispersion within age cohorts will be constant over time,
while if consumers are liquidity constrained, the cross-sectional disper-
sion of consumption should track the cross-sectional dispersion of in-
come over time. These implications are quite different from those of
unconstrained autarkic intertemporal optimization, and are readily exa-
mined on the data.

This taxonomy linking market structure to the dynamics of inequali-
ty is closely related to that in Lucas (1992) who explores a model in
which endowments are constant, but in which consumers experience
identical and independently distributed shocks to their marginal utilities.
Although Lucas’ framework is designed more to cast light on theoreti-
cal issues than are the empirically directed models of consumption and
saving with which we are concerned here, the dynamics of inequality
are essentially the same. In particular, Lucas shows that in a market
version of his model where consumers have access to a credit market,
there is ever growing inequality in consumption and wealth, while if
there is a cash-in-advance (liquidity) constraint, there exists a unique
stationary distribution of consumption, so that inequality is constant.

Section 2 is concerned with a more detailed examination of the
special case of the permanent income hypothesis. The availability of

closed-form solutions for the permanent income model allows us to be



much more precise about the life-cycle dynamics of consumption and
income inequality. We can also derive formulas for the behavior of
saving and assets, and see how retirement saving influences the spread
of inequality.

Section 3 contains empirical evidence for three countries using time-
series of household survey data for each. We use data from the US
Consumer Expenditure Survey (CEX) for 1980-90, from the Surveys
of Personal Income Distribution in Taiwan for 1976-90, and from the
British Family Expenditure Survey for 1979-90. Taiwan is included
because it is a high saving and rapidly growing economy, with consis-
tently high real interest rates, where household saving behavior is likely
to be very different from the US or the UK, where saving rates are low,
where few households possess significant financial assets, and where
borrowing constraints are likely to be prevalent. For the three countries,
we use constructed data on age-cohorts of individuals, using successive
surveys to track the evolution of their consumption and income levels
over time. The data for all three countries is in accord with the predic-
tions of intertemporal optimization theory; within-cohort consumption
becomes more dispersed over time for all three countries, and its rate
of dispersion is similar in the three cases. These increases in consump-
tion inequality are evidence against models of perfect insurance.
However, we also find that the within cohort dispersion of earnings
increases with age, so that it is difficult to rule out the possibility that
increasing earnings dispersion, combined with liquidity constraints, is
responsible for increases in the dispersion of consumption.

Section 4 concludes and draws out a number of further implications

of our results.



1. Theory
The permanent income model with independent shocks

Suppose that intertemporal preferences are quadratic, that the real
interest rate is constant and equal to the rate of time preference. Then
optimal intertemporal choice implies the permanent income hypothesis,

and consumption follows a random walk,
¢, =¢C, _,*tuU O

where i indexes the individual (or household) and ¢ the time period.
From (1), we can take variances over any set of households in existence

at both t-1 and t, to give
var (c) = var,_(c) +Gf (2)
where G~ is the period ¢ variance of u, and it is assumed that

cov(c, u,) = 0. 3)
Note that (3) is the cross-sectional covariance, not the covariance over
time. The latter has to be zero by the random walk property, that for
each i, u, is orthogonal to previously known information, including
¢,.,- Intertemporal allocation theory by itself does not imply (3). For
the moment we simply assume that it is true, that consumption innova-
tions are unrelated to consumption levels in' the cross-section, and

return to the issue below.



Given the permanent income hypothesis, and the orthogonality
restriction (3), equation (2) shows that the cross-sectional variance of
consumption will grow over time. Indeed, (1) gives the much stronger
result, that with independent innovations, the cross-sectional distribution
of consumption at ¢ is (second-order) stochastically dominated by the
cross-sectional distribution of consumption at t-1. The Lorenz curve
for consumption at ¢ lies entirely outside of the Lorenz curve atz-1.
The passage of time continuously spreads out the distribution of
consumption, and any measure of consumption inequality that satisfies
the principle of transfers will be increasing over time. Note that (1)
holds for individuals who are present in both periods ¢ and ¢-1, so
that the proposition that consumption inequality increases is only true
for a group with fixed membership, not for the population as a whole,
where old people are constantly being replaced by new-borns. Only if
people live for ever, or if families live for ever through eternal dynas-
ties does (2) imply that consumption inequality should be increasing
over time for society as a whole. The fact that most economies often
experience substantial periods of unchanging inequality would therefore
seem to be good evidence against the validity of the dynastic version of
the permanent income hypothesis.

It is important to note that the increasing dispersion of consumption
is independent of what is happening to labor income (earnings) and has
no implications for earnings inequality. For example, if each house-
hold’s earnings is a stationary stochastic process, typically differing
from household to household, cross-sectional earnings inequality will
remain constant while consumption inequality increases. By contrast, if
household earnings are integrated processes, such as random walks,

earnings inequality will increase over time. Matters are different for



asset income and hence for total income, a topic to which we shall

return below.
Non-independent consumption innovations

We now consider what happens when we drop the assumption that the
covariance in (3) is zero. In much of the microeconometric work on the
permanent income and life-cycle models, most notably Hall and
Mishkin (1982), it was assumed that the orthogonality over time for
each individual would imply a corresponding orthogonality over
individuals at a moment in time. The fact that the theory has no such
implications was noted by Chamberlain (1984) and emphasized by
Hayashi (1987), and has recently been seen as a serious potential
source of difficulty in using short panel data to test intertemporal
 allocation theory, see particularly Mariger and Shaw (1990) and Deaton
(1992: Ch. 5).
To see the difficulty, consider a simple example in which the
consumption innovation can be written in the form
u, = €, +ow, 4)
where w, is an ii.d. macro shock which affects different households
differently according to the parameters o,and €, is a component that
is i.i.d. both over time and individuals. Evaluating the covariance in (3)
gives

,
cov(u,c, ) = Gazwlw,_k. (5)
1



This is a random variable that will take on different values in different
time periods. However, the expectation of (5) over time is zero, and
this result generalizes under appropriate assumptions.

Write 6, for the covariance in (3), so that

0, E((cn_l—c,_l)(ui,—u,)lt)
(6)
= E(c,_u,lt) —c_ E(u,lt)
where variables with only ¢ subscripts are averages over households,
and where the explicit conditioning on ¢ is to emphasize the fact that
these are cross-sectional expectations. Take expectations of (6) over
time, and use the law of iterated expectations to give

E(8) = E{E(c, u,li)} - EXE (c,_u,li)) ™

it-1
The terms inside the braces relate to individual behavior over time,
about which the theory is informative. The first term is zero, because
individual innovations are orthogonal to individual lagged consumption
levels. The second term will be zero if we make the additional assump-
tion that lagged macro consumption is known to each individual. This
is a standard assumption in aggregating Euler equations, see particularly
Grossman and Shiller (1982), but it is by no means obviously correct,
and its failure can perhaps account for some of the rejections of
intertemporal choice theory in the macro data, see Goodfriend (1992),
Pischke (1991), and Deaton (1992, Ch. 5) for a review.

If we accept that people are informed about aggregate consumption,
this analysis shows that, although the dispersion of consumption need

not increase in every period, it can be expected to do so on average.



Relaxing certainty equivalence

As always, the algebra of consumption is most tractable under certainty
equivalence when the permanent income hypothesis holds, but the
result that consumption dispersion will increase is more general than
the permanent income hypothesis. With intertemporally additive prefer-
ences, and a constant rate of time preference, the evolution of con-

sumption is controlled by the Euler equation

(1+r,

t+1

YALc,

ir+1

) = (1+8)Mc,) +u, (8)

where A(c) is the instantaneous marginal utility (felicity) of consump-
tion function and r,, is the real rate of interest from z to r+1. If
impatience is large enough so that & 2r,,;, then the marginal utilities
of consumption become more dispersed over time, in every period if
the innovations are independent of lagged values in the cross-section,
otherwise on average. When the rate of interest is greater than the rate
of time preference, the distribution of marginal utilities in the cross-
section can either concentrate or disperse, depending on the cross-
sectional dispersion of the innovations.

The relationship between the dispersion of consumption and the
dispersion of marginal utilities depends on the function A(.). If the
distribution of marginal utilities in ¢ is stochastically dominated by the
distribution of marginal utilities in -1, the same will be true for the
distribution of consumption if the inverse function A™'(.) is concave.
Since A(.) is monotone declining, A7'(.) will be concave if and only
if A(.) is concave. We therefore have the result that the distribution of
consumption in ¢ stochastically dominates the distribution of consump-

tion in r+1 if 8 >r, and if the marginal utility of consumption
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function is concave. The condition that A(.) be convex is what gener-
ates a precautionary motive for saving, and has received a good deal of
recent attention as a potential explanation for a number of empirical
phenomena. The concavity of marginal utility generates the opposite of
precautionary saving, an ‘anti-precautionary’ motive, and might seem
to be implausible. That a strong enough precautionary motive should
inhibit the spread of inequality should not be surprising; precautionary
saving is motivated by the desire to minimize future consumption
variability. As aresult, ‘prudent’ consumers will avoid the risks that are
the fundamental cause of increases in inequality.

Even so, the impatience and concavity conditions, although suffi-
cient to guarantee increasing dispersion, are certainly not necessary.
Consider, for example, the case of isoelastic utility where, with no
~uncertainty and identical preferences, each household’s consumption
will be growing at the same (positive or negative) rate. The variance of
log consumption is then constant over time, while the variance of con-
sumption levels is increasing or decreasing as the growth rate is
positive or negative. With positive growth, the dispersion of consump-
tion is increasing although that of marginal utility is decreasing. The
presence of idiosyncratic uncertainty adds uncorrelated innovations te
the Euler equation, and will make it more likely that both marginal
utilities and consumption disperse over time.

The results obtained above hold if consumers have identical prefer-
ences and identical innovation variances in earnings. Of course, there
may be heterogeneity across individuals in the rate of consumption
growth, due to differences in the rate of time preference, the degree of
risk aversion, or future uncertainty in consumption growth. Those with

lower rates of time preference, higher degrees of risk aversion, and



greater future uncertainty, will experience greater average consumption
growth, see for example Deaton (1992, Ch. 2). It may be supposed that
heterogeneity will tend to result in additional consumption dispersion
over time, and it is certainly capable of doing so. However, it is also
possible to construct examples where heterogeneity inhibits the spread
of dispersion. For example, suppose that factors that result in higher
consumption growth are inversely correlated with initial consumption
levels. High average consumption growth among low-consumption
individuals and low average consumption growth among high-con-
sumption individuals could result in reductions in total consumption
dispersion, even if the dispersion in consumption within each group

were increasing.
. Preference shifters

It is clear that all of the previous results can be undone if we allow
arbitrary variations in subutility functions from one period to the next.
The more interesting question is whether or not taste induced changes
in the dispersion of consumption are likely to be large compared with
those induced by the resolution of idiosyncratic uncertainty over time.
Changes in household composition are the most obvious issue, and
certainly so in the empirical work that follows. As household size
expands and contracts through the life-cycle of the household, we might
also expect the distribution of household compositions to expand and
contract, and with it the distribution of consumption levels. Such effects
can readily be allowed for informally in interpreting the largely graphi-
cal evidence that we shall present. Alternatively, simple parametric

models can be used.
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Consider, for example, modifying the subutility function v(c) to
allow for a vector of family composition variables a by writing house-
hold (sub)utility as ¢(ayvic/d(a)}, so that total welfare is the utility of
consumption per ‘equivalent’ multiplied by the number of equivalents.

Then the Euler equation implies that

A |- t[ﬁ]"u._ ©)
0l@) | ofl+r) **

where A(.)=v/(.), and where we have specialized to the case of a

constant real interest rate. In this case, all the previous results about

consumption and its dispersion apply to consumption per equivalent

and its dispersion. If we have a reasonable method for computing

equivalents, the propositions can be checked directly. But consider

again the certainty equivalent case, where A is linear, so that (9) implies
Inc, = In¢(a,) +Inzg, (10)

where z, is an integrated random variable whose variance is increasing
over time. The variance of the demographic term on the right hand side
of (10) is likely to increase during the child-rearing phase of the life-
cycle and decrease thereafter, and there will generally also be time-
varying covariance between the demographics and the integrated
innovations. But the demographic variation follows some well-defined
pattern, while the variance of Inz, will be continuously increasing if
the innovation variances are sufficiently large, and so will eventually
swamp the other terms. Such examples suggest the empirical procedure

that we follow, which is to regress measures of consumption inequality
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on age, but with allowance for the effects of changing demographic

composition.
Alternative hypotheses

The proposition that optimal intertemporal allocation implies increasing
consumption inequality would not be very interesting if other models of
consumption had the same implication. Fortunately, such is not the
case.

Consider first a model in which consumers are liquidity constrained.
The simplest case is where consumption is equal to earnings, there are
no savings and no assets. In this case, the cross-sectional distribution of
consumption is the same as the cross-sectional distribution of earnings,
and the two must move together with age. Of course, this is too simple.
An inability to borrow does not imply an inability to save, and even
those who cannot borrow and have no wish to accumulate will typicaily
have a small working balance of cash on hand that acts as a reservoir
for emergencies and smooths over short-term fluctuations in earnings.
The literature on such ‘buffer-stock’ models is reviewed in Deaton
(1991); as in Lucas (1978, 1992) liquidity constraints and stationary
earnings will often guarantee the existence of an invariant distribution
for consumption in which inequality is constant. Even without borrow-
ing opportunities and with small amounts of assets on average, buffer-
ing can provide consumption streams that are a good deal less variable
than earnings. Such models untie consumption from income in the
short-run but not in the long-run, and they do not permit large devia-
tions from income in the cross section. They are therefore consistent
with the finding that the cross-sectional variance of consumption is less

than the cross-sectional variance of earnings, because consumption will
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be higher than earnings for those with temporarily low earnings, and
lower than eamnings for those with temporarily high earnings, just as in
the permanent income story. However, if the dispersion of earnings
changes systematically with age, as for example in Mincer (1974)
where different individuals choose different amounts of post-school
training, or because the (constant) distribution of abilities is only slowly
revealed through screening, then the dispersion of consumption will
similarly change in a population of liquidity constrained consumers.
Liquidity constraints thus have the implication that the consumption
inequality should change with earnings inequality, so that if we can
identify ages over which earnings inequality falls within cohorts, we
have a sharp test of liquidity constraints.

Another model of consumption that has received a good deal of
attention in the recent literature is one in which there exists a complete
set of state-contingent securities so that agents can insure themselves
and remove idiosyncratic consumption risk. Such models have been
tested for the US by Mace (1991), Cochrane (1991), Altonji, Hayashi,
and Kotlikoff (1992) and Hayashi, Altonji, and Kotlikoff (1991), with
almost uniformly negative results—see Nelson (1992) and Attanasio
and Weber (1992) for a contradiction of Mace’s results using the same
data—and rather more successfully for Indian villages by Townsend
(1991). A complete set of contingent markets implies that the marginal

utilities of money A(c,) have the factor structure

Mc,) = oy, (14)

see for example Altug and Miller (1990), Hayashi, Altonji and Kotli-
koff (1991) or Deaton (1992, Ch. 1) for an exposition. Given (14), the

13



distribution of log marginal utility is constant over time, as would be
the distribution of log consumption if preferences are isoelastic. As one
would expect, under complete insurance, individual consumptions move
together, and although particular functional forms will imply particular
patterns for specific measures of inequality, there is no general increase
in dispersion over time. One case where this might not be true has been
drawn to our attention by Steve Davis. If preferences are not strongly
intra-temporally separable between leisure and goods, so that leisure
also appears on the left-hand side of (14), and if individual wage rates
(marginal productivities) diverge over time—for example because dif-
ferent people learn from experience at different rates—then it is socially
efficient for the most productive to work more hours, and to be com-
pensated by having greater consumption. Even in the full insurance
* equilibrium, consumption inequality will grow if wage dispersion does
so.

Models of complete insurance take no account of the problems of
information and moral hazard that are likely to prevent their practical
realization, and there is a literature that enquires into optimal intertemp-
oral consumption schemes with limited information. In these norma-
tive—and typically non-decentralizable—models, such as Thomas and
Worrell (1990) and Atkeson and Lucas (1992), the (constrained) soci-
ally optimal arrangements involve increasing inequality over time, as in
our descriptive model, and in contrast to the case of complete insur-
ance.

2. %‘on_sumption inequality and the permanent income hy-
potnests
In the special case of the permanent income hypothesis, it is possible to

derive explicit expressions for consumption and for consumption inno-
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vations, and we can use these formulas to be more precise about how
consumption dispersion changes for this specific but important special
case. The relative simplicity of the algebra also allows us to charac-
terize the behavior of capital income, so that we can we can explore
changes with age in the inequality of total income. In this case, there
also exists a straightforward methodology for dealing with preference

shifters.
Consumption inequality

When subutility functions are quadratic, and when the real interest rate
is constant and equal to the rate of time preference, the Euler equation
implies that

Etct+k = Ct' (11)
If terminal assets are zero, then ex post consumption must also satisfy

the stochastic intertemporal budget constraint
T-t R-t
%(1+r)"‘cuk = A[+§(l+r)"‘y“k (12)

where A, is the current value of assets, and y,, is labor income
(earnings) in period 7+k, R is the date of retirement, and T the date of
death. To deal with the annuity formulas that repeatedly occur in this

finite life version of the PIH, it is useful to introduce the quantity

T-t+1
B =1- [_1_] (13)

1+r

15



B, will be unity when T is infinite, but in finite life problems is a
concave monotone declining function of ¢, with values close to unity at
the beginning of life and declining to r/(1+r) at death

If the expectations operator is passed through (12), an explicit solu-
tion for ¢, can be obtained, which is the finite life version of the
permanent income hypothesis (or equivalently the stochastic version of

the ‘stripped-down’ life-cycle model, Modigliani, 1986),

R-t
Bc = A+ __YX(1+N™Ey,, (14)

1+r 1+r&-0

which, apart from the factor 8, is the standard PIH, see Flavin (1981).
Equation (14) can be recast into ‘innovation’ form by substituting for

assets using the budget constraint
Al = (1 +r)(A1—1 +y1-1 _Cl-l ) (15)
and subtracting (14) lagged one period. The result can be rewritten as

BAc, =, (16)

where 1, is an innovation, related to the innovations in earnings by

R-t
N, = —— S+ E,~E,_)Y,- (17)

1+r =0

It is useful to rewrite (16) in terms of the history of the innovations, so

that
¢, =c,+ L PBim,, (18)
1=0
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and, since the innovations are serially uncorrelated, we have
! -2 2
var(c,) = var(c)) + X B o, 19)
=0

where 0',2], is the variance of age f’s consumption innovation.

This analysis allows us to deduce a number of useful facts. First, if
there are no earnings after retirement, there can be no further innova-
tions in consumption, and there will be no further dispersion in the
cross-section distribution of consumption. According to (19), the vari-
ance of consumption will grow until retirement, but remain constant at var(c,)
thereafter. Of course, in any given cohort, not everyone will retire on
the same date, and even with no earnings uncertainty, there are likely
to be idiosyncratic surprises in rates of return that are not captured in
" the permanent income model, and which will result in idiosyncratic
innovations to consumption. Even so, it seems reasonable to expect that
the rate of growth of consumption inequality will at least slow down
among old cohorts.

Equations (16) through (19) also characterize how consumers at
different ages respond to innovations, and thus how the dispersion of
consumption across members of a cohort changes with the age of the
cohort. Equation (16) shows that, for any given innovation n, the size
of the consumption response Ac,will increase with age, and, sincef3, '
is convex in ¢, will do so at an increasing rate. However, the relation-
ship between 1, and the underlying innovations in earnings is also a
function of age, and will depend on the persistence of shocks to
earnings. For example, if earnings are white noise, 1, =rg, /(1+r), the
consumption innovation is the annuity value of the income innovation

independently of age, so that, according to (19), the cross-sectional
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variance of consumption will be a convex function of age. With white
noise earnings, shocks have no implications for the future, but are
spread over a larger number of years for younger consumers. If by con-
trast, earnings shocks are persistent, a given earnings innovation may
imply a larger consumption innovation for younger consumers, since
any effects of a current shock that would be received after retirement
are lost. A case with a good deal of empirical relevance is that where
the first difference of earnings is a first-order moving averagee -0¢,_,,
with 1>60>0. which occurs if earnings is the sum of a random walk

and white noise. In this case (16) and (17) imply that
Ac, = B (B(1-0) +6r(1+n) e, 20)

~ where Bf is given by (13) with R in place of 7. The multiplier in (20)

decreases with age if

r

A+n((1+r) TR -1)

> 1+

1)

| —

which will hold for reasonable values of r, T, and R unless 0 is very
close to 1. Hence, unless the unit root has a very low share of the
innovation variance in earnings, we can expect the variance of con-
sumption to increase more rapidly at younger ages, and thus to be
concave in age. Older households are closer to retirement and so get
the benefits of an earnings innovation for fewer periods; they therefore

spend less of it and save more.
Income inequality

The assumptions of the permanent income hypothesis also enable us to

18



be explicit about the behavior of capital income and thus of total (or
disposable) income, the sum of earnings and capital income. In the
infinite horizon permanent income model, consumption and disposable
income are cointegrated under the assumption that the first-difference
of earnings is stationary, an assumption that allows for earnings to be
either stationary or I(1), see Campbell (1987) and Stock and West
(1988). When earnings are non-stationary with idiosyncratic innova-
tions, there will be increasing dispersion in earnings over time. Howev-
er, the cointegration result shows that, at least in the infinite horizon
context, the inequality of disposable income must increase over time,
whether or not earnings are dispersing. In the finite-life case considered
here, matters are a little more complicated.
Define total (or disposable) income y, by

vh= LAy, (22)

which is the sum of asset income and earnings. It is convenient to
define ‘saving,’ not as the difference between disposable income and

consumption, but as
P
s, =y, -Bc,. (23)

We are interested less in saving than in the behavior of total income,
and nothing would be lost by using some other label for (23). If (22) is
used to substitute for disposable income in (23), and (14) forB,ct,
some algebra gives the finite-life version of Campbell’s (1987) ‘rainy
day’ equation

R+1-t

5, = X (I+N*E(-Ay,,) (24)
k=1

i
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whereby saving is the discounted present value of expected future falls
in earnings. Note that the expected falls in (24) include the fall in
earnings that will take place immediately after retirement; indeed even
if earnings are constant or expected to remain so (a random walk) there
will still be a role for saving. The combination of (24) and (18) yields

R+1-1

v! =B, lc,* B 0]~ X (1+N™*E Ay, (25)
1=1 k=1

which, with (17), links disposable income to the underlying earned
income process.

The simplest case is again where earnings is white noise with mean
p and innovations €, so that, by (24), saving isp /(1+r Rt v g [(1+7).
The first term, which is saving for retirement, is the same for all
members of the cohort with the same p, so that the cohort variance of
disposable income is the cohort variance of consumption plus a con-
stant. If there is variance in p in the cross-section, the variance of
saving and of disposable income will contain a term(1+r)?®"™ vary
which also grows with z. This analysis clearly extends to any other case
where the earnings process is stationary, and in all these cases, income
inequality grows with consumption inequality, although the inequality
of earnings does not change over time.

When earnings is an integrated process, so will be the time ¢ expec-
tation of earnings in R, of the post-retirement fall in earnings, and thus
savings as given by (24). Disposable income will then be the sum of
two integrated processes, each with positive weights on the earnings
innovations, so that, once again the variance of disposable income will
grow until retirement, but now more rapidly than the rate at which the

variance of consumption expands. Assets are the sum of previous
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saving and so will be an I(2) process, whose cross-sectional variance
will therefore expand more rapidly than that of either consumption or
disposable income.

After retirement, saving as defined above is always zero—see again
(24)—although there is dissaving as conventionally measured. In
consequence, disposable income is equal to consumption multiplied by 3 ,

so that, post-retirement we have
vary,d = vaarc! = vaarck 26)

so that the variance of income is declining, although the variance of the
logs of income will be constant. Consumption inequality is predicted to
increase until retirement and then remain constant, while income
inequality increases with consumption inequality during the working
life, and declines thereafter. In these simple models where everyone in
the cohort is assumed to retire at the same date, there is a discontinuity
in the variance of income (but not of consumption) at R. In reality, not
everyone retires at the same age, and during the transition there is
likely to be an increase in variance as people switch from being earners
to non-earners. Ultimately however, once all members of the group are
retired, and provided assets are dissaved during retirement, income

inequality should decrease.
Allowing for life-cycle patterns in earnings and consumption

We note finally that the permanent income hypothesis also permits a
straightforward method for dealing with deterministic life-cycle fluctua-
tions in tastes and in earnings. The following is an adaptation of the

procedures used in a similar context by Hall and Mishkin (1982).
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Suppose that in period ¢ there are deterministic components ¢, andy,
in consumption and earnings respectively. The former are supposed to
capture life-cycle variations in needs and in the composition of the
household, and the latter to recognize the occupation-specific lifetime

shapes of earnings. We define
Erzct_q)t; ytzyt_wr (27)

Note that it makes more sense to work with an indeterministic stochas-
tic process for ¥, than for y,, and to assume that the Euler equation
generates a random walk for ¢, rather than for ¢,. The latter implies
that additional unanticipated earnings are allocated equally over all
remaining periods in the life-cycle once the basic requirements ¢, have
" been met. If (27) is substituted into the budget constraint (12), and the
Euler equation used as before, we get a version of (14) that applies to
the corrected consumption and earnings quantities which appropriate
allowance for the deterministic factors. However, the innovation
equation (16) for the change in consumption now holds for &, so that

we finally reach a version of (18) which is
¢, = 0,vco+ TP M, (28)
1=1

In the empirical work, we can therefore either ‘purge’ consumption of
the influence of compositional and other variables, as do Hall and
Mishkin, and then examine the variances of the residual, or we can take
variances of (28), which would suggest allowing for the variance of

household types in assessing the evolution of consumption variance.
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3. Evidence
Introduction

Our general procedure for all three countries is to use successive years
of cross-sectional household survey data to follow cohorts of individu-
als or individual households through time. While none of the survey
data are longitudinal, so that it is never possible for us to follow
individuals or households over time, we can follow cohorts of people
through their randomly selected representatives in each survey. Cohorts
are identified by their year of birth, or equivalently, by their age in a
base year. Hence, to take Taiwan as an example, we can take the
cohort born in 1945, who were 31 years old in our first survey, that of
1976, and we can examine the distribution of consumption, earnings,
and incomes for all 31 year olds in the 1976 survey. This distribution
is then compared with the distributions of consumption, earnings, and
incomes for all 32 year olds in 1977, those for all 33 year olds in 1978,
and so on, ending with the distribution for 45 year olds in 1990, the
last survey year. Such procedures are for many purposes superior to the
use of panel data. Sample attrition is not an issue, and summary
statistics from the cohort distributions are likely to be more accurately
measured than the individual data that would be used in panels. The
propositions of this paper concern the dynamics of the distributions of
consumption in successive years, and do not require knowledge of the
joint distributions over several years, information that could only come
from panel data.

The major difficulty with our procedures is that while income and
earnings data are available at the level of the individual, consumption

data are available only at the household level. We must therefore
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examine the evolution in the distribution of consumption over house-
holds, and convert income and earnings to the same basis. The difficul-
ty lies in the fact that, unlike individuals, households form and dissolve
over time, so that when we track households labelled by the age of the
household head, we cannot always be sure that we are sampling from
the same population in successive years. In practice, we believe that the
difficulties are only likely to be severe among older households, where
death, living with children, or institutionalization mean that surviving
households are increasingly selected—and presumably increasingly
unrepresentative—as the age of the household head increases. There are
similar difficulties among very young household heads, who are also
unlikely to be representative of their cohort, most of whom are in full-
time education or (in Taiwan for males) in the military. Even among
middle-aged heads, divorce and remarriage will imply that the popula-
tion of households with heads aged 40 in one year is not the same as
the population of households with heads aged 41 in the next.

An alternative to defining cohorts by the birth year of the household
head is to track individuals (whether household heads or not) born in
the same year, and to assign to each individual the (per capita or per
equivalent adult) consumption and income levels of the household to
which he belongs. This alternative has problems of its own. Although
selectivity into and out of headship is no longer an issue, individuals
who live with family members from different generations may be
assigned inappropriate consumption and income levels. Again, these
problems are likely to be most severe for young people living with
parents, or old people living with children. For Taiwan, where these
problems are likely to be more serious, we have the micro data that

allow us to construct cohorts based on both household heads and indi-
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viduals, and we present results for both. However, faced with selection
and measurement problems at young and old ages, our reporting em-
phasizes results that do not depend on these age groups, even though in
some cases, the exclusion decreases the power of our tests.

In this paper, we give greatest emphasis to the Taiwanese case. Tai-
wan is inherently interesting in its own right. Household saving rates
are very high, over 20% in the 1980s, and it is therefore implausible
that many households are liquidity constrained. With such high saving
rates, and the wide ownership of assets, capital income is an important
component of household disposable income, and increasingly so with
age, see Deaton and Paxson (1992, Figs. 5 and 6). It is therefore pos-
sible for earnings and disposable income to behave differently, as
should be the case if the theory is correct, and if the earnings distribu-
tion is not dispersing with age. However, we are also emphasizing Tai-
wan because we have the individual data that enable us to perform
more elaborate calculations. The US data, from 11 years (44 quarters)
of the Consumer Expenditure Survey (CEX), were supplied to us by
Orazio Attanasio in cohort form, and thus have the advantage of being
consistent with his previous work on US saving behavior, Attanasio
(1991) and Attanasio and Weber (1992a). Similarly, for Great Britain,
we have used the cohort data supplied to us by Richard Blundell based
on 22 years (88 quarters) of the Family Expenditure Survey.

Data and construction of cohorts

The Taiwanese data come from the Personal Income Distribution
Surveys which have been collected each year since 1976. In this paper
we use fourteen surveys, covering 1976 through 1990 but excluding
1978. In 1976 and 1977, the sample sizes are a little over 9,000 house-
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holds, but from 1978, there are over 14,000 households in each survey;
there are 50,000 or so persons in the first two years, and around 75,000
later. We exclude data from 1978, which was the first year of the
expanded survey, because the income data contain a number of outliers.
These outliers do not appear to affect the means, but inflate measures
of dispersion to levels that are clearly incompatible with the adjacent
years. The survey design is described in Republic of China (1989). For
income and consumption there is a single interview, at which questions
are asked about major items of income and expenditure in the past
year. A separate control sample of a small number of households keeps
diaries of all items of income and expenditure throughout the year.
These households are regularly visited by field inspectors to control
quality, and the results are used to monitor (but not to alter) the results
from the main survey. Consumption is defined as total expenditure on
all goods (both durable and nondurable); income is after-tax income
from all sources. Earnings (measured before tax) are defined to include
business and farm income. Note that although this is the best that can‘
be done, and certainly preferable to assuming that all business income
is the return to physical assets, the procedure introduces a component
of capital income into our measure earnings, something that must be
borne in mind when interpreting the results. The age profiles of house-
hold incomes, earnings, consumption and saving are presented in
Deaton and Paxson (1992), who also describe the changing demo-
graphic structure of households in Taiwan.

The Taiwanese surveys are sufficiently large for us to define cohorts
for each age. Table 1 lists the number of households in each of five
cohorts (those who were 20, 30, 40, 50, and 60 in 1976) that appear in

each of the survey years. The 1976 and 1977 figures are low because
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these surveys are smaller, but for the young and old households also
show the selection effects. In the empirical analysis we restrict our-
selves to households with heads between the ages of 20 and 75 inclu-
sive. After excluding 1978, we have in total 784 ‘observations’ of
cohort-year pairs, each ‘observation’ consisting of a distribution over
the households in that cohort-year.

The US data we use are from the 1980 through 1990 surveys of the
CEX. These surveys are smaller than those from Taiwan, covering
between 5,700 and 8,300 households per year, with roughly a fourth of
households surveyed in each quarter. There are ten cohorts defined by
five year age bands, from those aged 21-25 in 1980 to those aged
66-70 in 1980. Households are allocated to the quarter in which they
were interviewed so that there are 44 observations on each of the
cohorts, or 440 ‘observations’ in all. The numbers of households in
each of cohort and (the first quarter of each) year are given in Table 2.
These are urban households only; the CEX in 1982 and 1983 had no
rural households, and for consistency; we work with urban households
in all periods. We are less concemned in this paper with explaining
inequality in the US as a whole than with testing the implications of
the theory, and for this any fixed group of households will do. There is
a good deal less attrition among older households in the US than in
Taiwan, because the elderly in the US are more likely to continue as
independent households than to move in with their eldest son, as is
typical (although decreasingly so) in Taiwan. For the US, household
consumption refers to nondurable expenditure, disposable income to the
total after-tax income of the household, and earnings to before-tax labor
income. The ‘age’ of a cohort is defined as the midpoint of the 5-year

band, and our sample includes people with an age of 23 (e.g. 21-25) in
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1980 to those with an age of 78 (e.g. 76-80) in 1990.

The British data come from the Family Expenditure Survey, an
annual survey that has been in continuous operation since 1954 collect-
ing data on some 7000 households each year. The sample is representa-
tive of Great Britain, which is the United Kingdom excluding Northern
Ireland. We use 22 years of data, from 1969 to 1990, split into quar-
ters. We use information for 11 cohorts, again in five year age bands,
from those aged 5-9 in 1969 to those aged 55-59 in 1969. We restrict
our analysis to those between the ages of 22 and 77 (where ‘age’ is
defined as the mid-point of the 5 year group.) So, for example, the
youngest cohort of those aged 5-9 in 1969 is not included in the sample
until 1984, when the individuals in this cohort are between the ages of
20 and 25, and are assigned an age of 22. Allowing for the fact that the
youngest cohorts are not observed in the earliest years, nor the oldest
in the latest, there are 844 quarterly ‘observations’ on the cohorts. The
number of households in each of these cohorts is listed in Table 3. For
the British data, consumption excludes durables, earnings is‘the answer
to a question about ‘normal weekly eamings’, and income is total

disposable income.
Results: age profiles of consumption and income inequality

There are a number of different ways of looking at the evidence, but
given the very large numbers of observations involved—the Taiwanese
data alone cover nearly a million individuals—we make heavy use of
graphics, both for the underlying data, and for many of the estimated
parameters.

We begin by examining the lifetime profiles of the variances of the

logarithms of consumption and total income. There are a number of
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reasons to work with the variances of logs. Although the theory under
the permanent income hypothesis yields predictions about variances, not
variances of logs, use of the former will give increasing dispersion even
when the consumption level of everyone in the cohort was expanding
proportionately, as would be the case in a growing economy with
liquidity constraints or as might occur with perfect insurance. A model
of autarkic intertemporal allocation with isoelastic preferences also pre-
dicts that the variance of log consumption will be constant in the
absence of idiosyncratic shocks, and this is a natural baseline from
which to look for the dispersion that should occur under individual un-
certainty. Note finally that even if the permanent income hypothesis 1s
true so that individual consumption levels follow independent random
walks, the distribution of consumption at ¢ will stochastically dominate
that at t-1, so that any summary measure of inequality that respects
the principle of transfers will be increasing over time. Although there
are examples where the variance of logs violates the principle, see
Atkinson (1970) and Sen (1973), these are theoretical curiosities rather
than good reasons to abandon such a convenient measure.

Figure 1 for Taiwan, Figure 2 for the US, and Figure 3 for Britain
show life-cycle profiles of consumption and income inequality. The
horizontal axis in all these graphs shows age of the head of household,
and the vertical axis the variances of logs, and each panel shows the
experience of a single cohort. For Taiwan, we show the graphs for
every fifth cohort, rather than attempting to show the full set of results.
For the youngest cohorts, for example those aged 10 in 1976 in Figure
2, the graphs do not cover the full span of years because such cohorts
are only observed when they reach the cutoff age. Similarly the oldest

cohorts are not observed once they pass the upper age cutoff. The
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figures shown in the graphs are not the raw variances, but the fitted
values from the regressions (run separately for consumption and for
income and for each country) of the variances on dummies for cohorts,
ages, and years, or more precisely on a maximally linearly independent
set of such dummies.

In all three countries, the inequality of consumption increases with
age, as predicted by the theory. Further, and again as the theory
requires, the increase in inequality is concentrated in the working years,
slowing down or ceasing after retirement. Inequality of total income
follows much the same pattern, increasing with age during the working
years and remaining constant or falling thereafter. In Taiwan, income
variance falls sharply among the oldest households, but given the
serious selectivity issues among the old in Taiwan, we do not wish to
attribute any great significance to the finding. In the US and Taiwan,
but surprisingly not in Britain, income is more unequally distributed
than is consumption. There is a good deal of similarity in the life-cycle
evolution of inequality in total income and consumption. While such a
result is consistent with the theory, it also would occur if consumption
were closely tied to income, as in a model of liquidity constrained
consumers. The British results, where the two variances are close, and
where they track each other closely, are particularly suggestive of such
an interpretation. The correlation between the two sets of variances is
much weaker in Taiwan, and very much weaker in the US. Note finally
that the variances of log income tend to be themselves more variable
than the variances of log consumption, particularly in the US, where
there seems to have been a sharp increase in income inequality-—al-
though not in consumption inequality—~in the single year 1986.

Figure 4 presents the same results in a summary form that focusses
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more precisely on the theoretical predictions, and that allows easy
comparison of the three countries. These graphs are derived by regress-
ing the variances of log income and log consumption on age and cohort
dummies, again separately for each country, and then graphing the
estimated age effects. Unlike the regressions used to derive Figures 1
through 3, no year effects are included. Year, cohort, and age dummies
are linearly dependent, and while the dependence has no consequence
for deriving fitted values, the identification of any one set requires a
normalizing assumption. The issue is discussed in some detail in Dea-
ton and Paxson (1992), who argue for a normalization that, in the
current application, generates results that are almost identical to those
reported here, which were obtained by the more transparent procedure
of excluding the year dummies.

That consumption inequality rises with age is even more obvious in
Figure 4 than it was in Figures 1-3. In Taiwan, the profile is convex
until age 60 or so, and constant thereafter, suggesting that it is in
middle age that most information is received about lifetime prospects,
with information accruing only slowly at the beginning of the life-
cycle. In Britain too, consumption inequality increases faster in middle
age than in youth, although here the spread slows down before ceasing
at around age 60. The profile in the US is somewhat different, with an
approximately steady increase in consumption inequality throughout
life. Perhaps the relatively widespread ownership of assets and of
private pension schemes in the US allows dispersion in yields to
continue to add to inequality even among elderly households. Because
these graphs show age effects from regressions that are normalized to
be zero at age 20, they cannot be used to compare the levels of vari-

ances across countries. However, the scales are the same, and it is clear
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that the increase in consumption inequality with age is very similar in
the US, Taiwan, and Britain. Table 4 shows regression coefficients of
the estimated age effects on age; the variance of logs within each
cohort increases by 0.07 every decade in the US, by 0.08 in Taiwan,
and by 0.10 in Britain. These are large effects relative to differences in
inequality over time or between countries. For those used to thinking
about inequality in terms of gini coefficients, the Table converts the log
variances to ginis on the assumption that the distributions are lognor-
mal. In the US, where consumption inequality is highest at all ages, the
age-inequality effect increases the gini from 0.339 at age 25 to 0.411 at
age 55, a change that is comparable in magnitude to the recent increase
in the inequality in earnings that has attracted a good deal of attention,
see Cutler and Katz (1992). In Taiwan and in Britain, the increases are
much larger, from 0.234 at age 25 to 0.337 at age 55 in Taiwan, and
from 0.234 at age 25 to 0.418 at age 55 in Great Britain. Indeed, it
seems probable that the much discussed increase in consumption
inequality in Taiwan can be largely accounted for by the aging of a
population that has experienced one of the most rapid demographic
transitions in history.

Figure 4 also shows the age effects in income inequality. In Britain,
we see again what looks like the effects of liquidity constraints, with
income inequality and consumption inequality very closely linked. The
Taiwanese data again show the dip in income inequality among older
households, and only the US shows the rise and fall that would come
from the simplest permanent income hypothesis with no bequests. Table
4 shows the estimated time trends, as well as the implied increases in
income inequality. Note in particular the very large effects on gini

coefficients in Britain. Whether these effects come from the theory as
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presented here, or from some other cause—such as an increase in
earnings inequality with age—the data show a strong relationship
between inequality and age, for both consumption inequality and
income inequality.
Further results for Taiwan: Lorenz curves and household compo-
sition
Figures 5 through 8 all concern Taiwan, where we have direct access
to the micro data, and explore the results in more depth. Figures 5 and
6 present Lorenz curves for consumption and income for every fifth
cohort in the three years 1976, 1983, and 1990. Lorenz curves are the
obvious way of examining stochastic dominance, and show the whole
distribution, not just a summary statistic such as the variance of logs.
The appearance of Lorenz curves is notoriously insensitive to changes
in distribution, but the graphs do show some movement, and in all
cases except for income in the oldest cohort, the later years have the
Lorenz curves that are further away from the 45-degree line, as predict-
ed by the theory. Again we see that throughout the distribution there is
little increase in consumption inequality with age at young ages, al-
though the Lorenz curves are visibly different for cohorts born in 1941
and earlier. It is worth noting that the increase in consumption inequali-
ty appears to begin at the bottom and middle of the distribution, but
moves up with time, so that among those born before 1921, increases
in dispersion between 1976 and 1990 were limited to the upper part of
the distribution of consumption.

Figures 7 and 8 turn to the effects of allowing for variations in
household size and composition. The left hand panel of Figure 7 shows
the age profile of the number of adult equivalents, defined as the

number of household members over 14 years of age plus half of the
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number aged 14 or less. Each continuous line shows the average
numbers for a given cohort over time, and the figure shows both the
characteristic life-cycle pattern of household size together with the
substantial cohort effects associated with the decline in fertility over
time. Note that the apparent variability among the older cohorts is a
sampling effect, since there are few households in these cohorts over
which to calculate the means. The right hand panel shows the coef-
ficient of variation of adult equivalents for the same cohorts. The point
to note here is that from ages 40 to 60, although household size is
falling for most of the period, the dispersion of household sizes is
rising. Some of the rising variability of total household consumption
that we have already documented may therefore be attributable, not to
the accumulated effects of idiosyncratic uncertainty, but to the fact that,
in the critical age range, the dispersion of household sizes is also
increasing. Figure 8 shows that this conjecture is correct, in that the rise
in consumption inequality with age in Taiwan is less when household
size is taken into account. Even so, and apart from a small decline from
40 to 45—which might not be statistically significant, or which might
be removable by a more sophisticated treatment of equivalents—the
dispersion of ‘corrected’” consumption still increases with age. The
Figure shows three different correction methods. The upper (solid) line
shows the variance of the logs of consumption per equivalent. The
lower (broken) line shows the variance of logs of consumption per
equivalent where cohorts are defined, not by household heads, but by
individuals. Finally, the middle (dashed) line shows the variance of the
residuals of regressions of the logarithm of household consumption on
a range of demographic variables. Although the rate of increase in the

variances differs between the methods, the general shapes are very
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much the same, and once again there is increasing consumption in-

equality with age.
Earnings dispersion and alternative hypotheses

We turn finally to an examination of the life-cycle behavior of the
dispersion of earnings. The theory of this paper predicts increasing
inequality of consumption and income independently of whether
earnings inequality is increasing, so that there is a sense in which the
behavior of earnings is irrelevant. However, if we consider alternative
explanations the fact that inequality increases with age, the inequality
of earnings becomes a crucial part of the story. An ideal environment
for testing the theory would be one in which individual earnings are
stationary, so that earnings inequality remains constant over the work-
ing life. Intertemporal allocation theory would then predict that con-
sumption and income inequality would increase with age, a prediction
that is in sharp contrast to the fixed consumption and income inequality
that would result from liquidity constrained behavior, which is the lead-
ing alternative hypothesis. However, if earnings inequality increases
with age, as would occur if individual earnings processes are non-
stationary with independent innovations, consumption and total income
inequality will also increase, whether or not consumers are liquidity
constrained. Perfect insurance implies that consumption inequality
should be constant whatever happens to earnings, but this is not a very
interesting hypothesis, and in any case, has already been rejected by the
data.

Figure 9 shows the life-cycle patterns of the variances of log
earnings and log income for the three countries. As before, these

figures plot the estimated age effects from regressions including both
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age and cohort dummies. Since many households, particularly older
households, have income but no earnings, we cannot compute variances
of logs for all households, and must restrict our calculations to the
subsample of households with at least one earner. As a result, the
variances of log earnings for cohorts with older heads are dominated by
selectivity, and we display results only up to age 65. Even so, the
Taiwanese results suffer from the fact that business income is impor-
tant, and cannot be satisfactorily split into its capital and labor com-
ponents. In our calculations we have treated business income as
earnings, which is almost certainly its largest component, but hardly
provides an adequate basis for testing whether inequality in earnings
and total income behave differently. In consequence, although the
Figure shows that the variance of the log of earnings is increasing with
age, we cannot be sure that the result is not due to the mislabelling of
some capital income as earnings.

These problems are less for severe for the US and Britain, and both
countries show an increased dispersion of earnings with age during
normal working years. The results for the U.S. are consistent with
previous examinations of individual earnings variances. Dooley and
Gottschalk (1984) use the Current Population Surveys from 1968-79 to
show that variances within experience cohorts of men fall for a few
years and then rise, a result that is confirmed by our own calculations
using later years from the CPS, and that is not inconsistent with the
results on the variances of household earnings in Figure 9. Since cohort
earnings variances are increasing with age, and while the predictions of
increases in inequality of consumption and total income are borne out
for all three countries, we cannot use that fact to conclude in favor of

life-cycle allocation theory and against the hypothesis of liquidity con-
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straints. Indeed, a simple model of buffering with liquidity constraints
would tie the cross-sectional distribution of consumption to the cross-
sectional distribution of earnings, although the buffering would mean
that the absolute level of dispersion of the former would be less than
the latter. The proposition can be examined by testing whether the age
effects in the variances of log consumption and log eamnings are equal,
allowing them to differ in levels, but not in profile. The F-tests for the
absence of age effects in the difference between the variance of log
earnings and log consumption are 3.72 (Taiwan), 1.64 (US) and 10.82
(Britain). For Taiwan and the U.S., these F-tests are unimpressive
relative to the sample sizes, although the p-value for Taiwan is very .
small. The British results appear to provide the most evidence against
liquidity constraints. However, the shape of the consumption and earn-
ings profiles differ substantially only at the youngest and oldest ages,
indicating that selectivity may be driving the result, and when we
restrict the analysis to 25 to 60-year-olds, the F-test is only 3.77. Al-
though the liquidity constraints story makes very little sense for
Taiwan, where households save more than a fifth of their incomes, it is

not inconsistent with other evidence for the US and Britain.
4. Conclusions and further implications

In this paper we have examined the proposition that consumption
inequality should widen over time for a group of individuals who are
making optimal intertemporal allocations of resources in an uncertain
environment. Although the proposition is most obvious when each
individual’s consumption follows a random walk with innovations that
are independent across people, we have demonstrated that the result

will hold under a much wider set of circumstances. Under the special
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case of the permanent income hypothesis, we have also shown that
income inequality should increase with age, even when there is no
change in the distribution of earnings. These predictions are borne out
in data from the US, Britain, and Taiwan, where both income and con-
sumption inequality increase up to around the age of retirement, and
where the latter is constant thereafter (or increasing, for the US) The
absolute size of these effects is large, so that the gini coefficient of
consumption inequality in the US is 25% larger among 55-year olds
than among 25-year olds, and that for income inequality more than
40% larger. The effects appear to be even larger in Britain.

The main contribution of this paper is not the construction of
another test of life-cycle theory or of the permanent income hypothesis.
The rather limited evidence we have suggests that the dispersion of
earnings also increases with age, so that the dispersion of consumption
and total income will also increase under a wide range of hypotheses
about behavior. Instead, our main purpose is to draw attention first, to
the implications of life-cycle theory for inequality, and second, to the
fact that inequality does indeed increase with age, at least for the three
countries we have examined. Even if we remain uncertain about the
connection between the former and the latter, the fact that inequality
increases with age has a number of implications, implications that are
made the more interesting by their possible basis in intertemporal
theory.

First, consider the implications of the results for inequality in society
as a whole. If there are no links between successive generations, and if
the inequality in the distribution of earnings remains constant, con-
sumption and income inequality will also remain constant in the society

as whole, even though inequality is increasing for each age group. Old,
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unequal, cohorts are constantly dying and being replaced by young
cohorts among whom inequality is much less. The theory and evidence
are therefore consistent with unchanging inequality in society as a
whole, and the data do indeed show extended periods during which
inequality is constant, see Levy and Murnane (1992) for the US. If
there are strong intergenerational links, where bequests are important,
or in the limit where households are organized into eternal dynasties,
the theory predicts widening inequality for society as a whole, at least
if no new dynasties are ever created. The failure of such predictions
would seem to be evidence against the most extreme versions of such
models, but there still remains an important research agenda of building
bequest motives into the sort of models examined in this paper and
drawing out the implications for the transmission of inequality from
older to younger cohorts.

Second, the relationship between age and inequality forges a power-
ful link between demographic change and the distribution of resources,
a link that is largely independent of the theoretical basis of the result.
Countries such as Taiwan that have experienced a rapid demographic
transition are aging rapidly, so that there are now many more 55-year
olds relative to 25-year olds than was the case 25 years ago. Since
income and consumption are more unequally distributed among the
former than the latter, the overall distribution of income and consump-
tion will become more unequal, and this is exactly what has happened
in Taiwan over the last decade or so. We plan to examine this question
in a good deal more detail in another paper, but our preliminary results
suggest that much of the increase in consumption inequality in Taiwan
can be accounted for by population aging. Although there has also been

aging in the US, we do not believe that the same phenomena can
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account for very much of the current increase in inequality, though
once again, the detailed research remains to be done.

Third, consumption inequality has implications for aggregation,
especially for those attempts to model average consumption as the
behavior of an intertemporally efficient representative agent. One
defence of applying the theory to aggregate data is that, in the absence
of distributional change, functions of averages will behave similarly to
averages of functions. The ratio of the average of the logarithms of
consumption to the logarithm of the average of consumption is a
measure of consumption dispersion, so that when dispersion is increas-
ing, the average of logs will behave quite differently from the loga-
rithm of the average. Indeed, results by Attanasio and Weber (1992b)
using the British data show that estimates of intertemporal models are
quite sensitive to whether or not the aggregation is correctly done.

Fourth, our results have implications for the cross-country relation-
ship between inequality and economic development, first investigated
by Kuznets (1965). Kuznets suggested that inequality should rise in the
early stages of economic development, but should eventually fall as
incomes rose, a result that he explained in terms of the urbanization
that typically accompanies economic growth. The empirical validity of
this inverted U-shape has been subject to a great deal of controversy,
and is far from widely accepted, largely because of the extremely poor
quality of international measures of inequality. The results of this paper
suggest a different basis for a Kuznets type relationship. Economic
development is eventually accompanied by a demographic transition,
from high fertility to low fertility, a transition that eventually redistrib-
utes population from young to old. Such a redistribution will tend to

lead to widening inequality, at least until the new stable population
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distribution is established, at which point inequality growth will cease.
Of course, income growth may itself affect inequality independently of
these demographic effects, with higher growth rates resulting in greater

inequality across cohorts.
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Table 4: Summary statistics for age effects

Coefficient  Variance of log Gini coefficent

Taiwan on age  Age=25 Age=55 Age=25 Age=55
Consumption .0084 173 368 234 337
(18.86)
Income .0027 .385 445 344 .368
(3.46)
Consumption/adult .0021 .184 225 241 266

equivalent (household data) (14.74)

Consumption, demographics .0015 .099 133 .178 206
regressed out (14.81)

Consumption/adult .00068 .188 211 244 258
equivalent (person data) (6.63)

United States

Consumption .0074 373 564 .339 411
(30.02)

Income .0126 598 1.370 422 .599
(9.72)

Britain

Consumption 0102  .173 .586 234 418
(22.95)

Income 0136 115 .640 191 435
(25.81)

Notes: The first column shows the regression coefficient of the estimated age
effects on age (t-statistics are in parentheses). The variances of logs shown in
the second and third columns are predicted values from regressions of varianc-
es on age and cohort effects. The predicted variances at the two ages (25 and
55) hold cohort constant. The Gini coefficients shown in the fourth and fifth
columns are based on the variances in columns 2 and 3.
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