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This is a progress report on ongoing research into the effects
of economic and population growth on national saving rates and
inequality. The theoretical basis for the investigation is the life
cycle model of saving and inequality. We report evidence that is
conditional on the validity of the model, as well as evidence that
casts doubt on it. Using time series of cross-sectional household
surveys from Taiwan, Thailand, Britain, and the United States, we
show that it is possible to force a life cycle interpretation on the
data on consumption, income, and saving, but that the evidence is
not consistent with large rate-of-growth effects, whereby economic
and population growth enhances rates of national saving. The well-
established cross-country link between economic growth and sav-
ing cannot be attributed to life cycle saving, nor will changes in
economic or population growth exert large effects on saving within
individual countries. There is evidence in favor of the life cycle
model’s prediction that within-cohort inequality of consumption
and of total income—though not necessarily inequality of earn-
ings—should increase with the age of the cohort. Decreases in the
population growth rate redistribute population toward older, more
unequal, cohorts, and can increase national inequality. We provide
calculations on the magnitude of these effects.

One of the most celebrated predictions of the life cycle
theory of saving is that the ratio of national saving to national
income depends positively on the rates of both population
growth and per capita real income growth. People save for
retirement, so saving is positive for the young and negative
for the old. Economic growth redistributes resources in favor
of the young and population growth increases their relative
numbers; increases in either favor saving over dissaving.
Simple versions of this story generate large effects. For ex-
ample, in the simple “stripped-down” model outlined below,
a 1% increase in the rate of growth of total income—through
growth in either population or income per head—increases
saving rates by about two percentage points, and there is evi-
dence from the cross-section of countries—at least on the re-
lationship between saving and per capita income growth—
that is consistent with such magnitudes (Modigliani 1970,
1986, 1990, and for an overview, Deaton 1992: chap. 2). Our
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recent theoretical and empirical work (Deaton and Paxson
1994a, 1995) posits a related life cycle mechanism linking
population growth to consumption and income inequality. The
life cycle theory of saving in the presence of uncertainty im-
plies that inequality will increase over time among a fixed
group of individuals. Thus inequality among a birth cohort
should increase over time as the cohort ages; and our empiri-
cal work indicates that this is indeed the case. Population
aging redistributes people toward older and more unequal
cohorts, and therefore contributes to greater national inequal-
ity. Like the effects of population growth on saving, the ef-
fects are potentially large: For example, the Gini coefficient
for household consumption in Britain rises from 0.210 among
households with heads aged 25 to 0.406 among households
with heads aged 55 (Deaton and Paxson 1994a).

The effects of population and income growth on saving
and inequality are currently matters of considerable con-
cern—particularly in East and Southeast Asia, where there is
a group of economies (e.g., Hong Kong, Indonesia, Korea,
Malaysia, Singapore, Taiwan, and Thailand), which in recent
years has combined rapid growth of income per head with
historically high national saving rates. In several cases, these
economies also are distinguished by their relatively equal
distribution of resources. The populations of these countries
are expected to age rapidly in the next two decades as a con-
sequence of the demographic transition, increases in life ex-
pectancy, and the aging of postwar baby booms (see U.S.
Department of Commerce 1993). If the life cycle models are
correct, this redistribution of the population from young to
old may lower saving rates. Although the causality between
saving and economic growth is unclear, many would see such
declines in saving rates as a threat to economic growth and
future prosperity. At the same time, population aging is likely
to increase inequality. Whereas this largely mechanical ef-
fect offers no direct threat to welfare, it is important that it
be understood if only to avoid the imposition of unnecessary
policies designed to correct it.

The empirical and theoretical investigation of the conse-
quences for saving and inequality of population and eco-
nomic growth is the subject of our current research program.
In this paper, which is designed as an introduction and
progress report, we outline the basic theory, discuss the is-
sues that require quantification and testing, and summarize
our empirical experience with data from the United States,
Britain, Taiwan, and Thailand. The underlying results are
taken from Deaton and Paxson (1994a, 1994b, 1995) and
Paxson (1996). The theoretical development here, however,
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is self-contained and different from that reported elsewhere.
Some of the empirical evidence (e.g., evidence on inequality
in Thailand) is reported here for the first time.

Life cycle theory provides the framework for our analy-
sis. The theory that follows focuses on the use of saving be-
havior to reallocate consumption across different stages of
the life cycle, and the implications of life cycle saving be-
havior for the effects of aging and growth on aggregate sav-
ing and inequality. Lee (1994) and Lee and Lapkoff (1988)
also examine the effects of population aging on economic
outcomes, but within a somewhat different framework. As in
our work, they examine the effects of population aging in
the context of balanced economic and population growth.
They assume, however, that the economy is in a “golden
rule” equilibrium, with optimal steady-state levels of saving
and investment—something that we do not assume. Their
work also emphasizes the role of public and private inter
vivos transfers between generations. In the theory that fol-
lows we do not model transfers explicitly, but account for
them in our empirical analysis to the extent that our income
measures include public and private transfer payments.

THEORY: PREDICTIONS AND CAVEATS
Predictions

The effects of life cycle saving are studied most clearly in an
economy that has experienced balanced economic and popu-
lation growth for an extended period of time, with popula-
tion growing at an annual rate n and real income per capita
at an annual rate g. Suppose that there are n , people of age a
alive in year ¢, that they have average per capita income y_,
out of which they save a fraction s . The fraction of popula-
tion that survives to age a is given by the life table p , so that

the fractions of the population in age group «, ®_, 1s given
by
o ot (1xn) pa)
- ganw §(1+n)_ap(a) 1)

an expression that does not depend on ¢. Income is part labor
earnings and part the return on past saving, and in the analy-
sis that follows it is important that the distinction between
income and earnings be carefully maintained.

Although there appears to be little evidence to support
it, the standard assumption in life cycle models is that the
profile of the logarithm of earnings with age does not de-
pend on the rate of economic growth; the age-earnings pro-
file of a worker today is assumed to have the same shape as
that of his father or grandfather. Economic growth is as-
sumed to increase the level of the age-earnings profile for
successive cohorts without changing its shape. Life cycle
theory also posits that the shape of the age profile of con-
sumption is determined by the interaction of tastes and real
interest rates, while the /evel of the profile is set by the ex-
pected value of lifetime resources. If the age profiles of
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both earnings and consumption are invariant over cohorts,
so will be the age profile of wealth and returns to wealth,
provided different cohorts face the same real interest rate—
something that will be the case in balanced growth. Under
these conditions, income per capita in year ¢ for those aged
a will be:

y.=y(a)1+g)", @)

where y(a) is the age profile of income (and includes both
earnings and asset income) and g is the rate of economic
growth. As a consequence of Eqgs. (1) and (2), the share of
income accruing to people aged a is independent of #:

o oy, _ (1) pla)p(a)
" Eny., E0+) ple)(e)

=0

’ 3)

where (1+y)=(+n)(1+g), so that Yy is approximately the
rate of growth of aggregate national income.

National per capita saving is the saving of each age
group weighted by its share in the population, but the quan-
tity that most concerns us is the ratio of national saving to
national income, which is the saving ratio of each group
weighted by its share in aggregate income (i.e., weighted by
Eq. (3)). Hence, if the age-specific saving ratios are s, the
national saving rate is

o) _se s 2ty plelals,
) zes S (1+7) pla)y(a) @

a=0)

According to Eq. (4), the effects of population and per
capita income growth on saving rates are the same, because
each appears only through their sum, Y. Differentiation and
some manipulation yield the derivative

3(s/7) e
5" ~(1+v) Eosﬁu(a—a), (5)
where underline G is the “plutocratic” average age, defined
as age weighted by income shares:

Sola)plar)” B
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a=0

Eq. (5) provides the central prediction of the theory,
that if saving and age are negatively related, higher
growth—of income per capita or of the population—will
generate more saving. Eq. (5) also yields quantitative pre-
dictions and permits an analysis of potential limitations of
those predictions—something to which we shall return be-
low.
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Much the same accounting apparatus can be used to ana-
lyze the effects of growth on inequality. The microeconomic
theory is again the life cycle model of consumption, but it
takes explicit note that earnings are uncertain, so even if con-
sumers plan for a constant consumption stream through life,
the constant accrual of new information will generate con-
stant replanning and change. Under the simplest form of the
life cycle model under uncertainty, the consumption of each
individual is a martingale (Hall 1978), so that, provided there
is some heterogeneity across consumers, the dispersion of
consumption will increase over time for any fixed group of
consumers such as a birth cohort. The increasing dispersion
of consumption is funded either by an increasing dispersion
in earnings with age, or by increasing dispersion of assets
and asset income with age, or by both. (See Deaton and
Paxson (1994a) for a full theoretical development.) The
theory also implies that income inequality will increase with
age, at least up until retirement, regardless of whether earn-
ings inequality increases with age. There are good theoreti-
cal reasons why earnings inequality should increase with age.
For example, Mincer (1974) argues that individual differ-
ences in rates of human capital accumulation will result in
differences in the slopes of age-earnings profiles, resulting
in first decreasing but eventually increasing earnings in-
equality with age. It is important to note, however, that the
prediction of life cycle theory that consumption and income
inequality increases with age does not require that disper-
sion in earnings increase.

If inequality increases with age for a given cohort,
changes in the age distribution of the population will change
inequality, just as changes in the age distribution of the popu-
lation change the aggregate saving rate when saving rates
differ by age. However, aggregate inequality depends not
only on inequality within cohorts, but also on inequality be-
tween cohorts, and changes in the age distribution of the
population will affect the latter. We analyze the net effects
for a particular measure—the variance of logarithms—in
Deaton and Paxson (1995). We show that given additional
but fairly standard assumptions about preferences, life cycle
theory predicts that population aging will increase both
within-group and between-group inequality. In outline, the
argument is as follows.

Suppose that x denotes the quantity whose variance
concerns us; for consumption or income inequality, x would
be the logarithm of consumption or income. Overall in-
equality is measured by the variance, which at time ¢ can be
written

v = inm[va, +(x, - %, )’} %)

a=()

where v is the variance for age group a, and the average
¥, =Y, x, . According to the theory, the within age compo-
nent of the variance increases with age, and because we are
interested in growth effects on inequality, we assume that
there are no other extraneous factors affecting inequality.

Hence, if the variance at birth is v, we write
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v, =v,+n(a), ®)

where m(a) is monotone nondecreasing in a. Substituting
Eq. (8) into Eq. (7),

=5 o en(a) (x5 ©

a=0

The expression is time invariant in balanced growth be-
cause (a) we have assumed that inequality at birth is con-
stant, and (b) inequality between age groups is constant—a
consequence of the assumption that age profiles of all co-
horts have the same shape. For example, if x were the loga-
rithm of income, then

x,=Iny, =1ny(a)+(t-—a)ln(1+g), (10)

so that the dispersion of x , around its mean is independent
of ¢.

If Eq. (1) is substituted into Eq. (9) and the resuit is dif-
ferentiated with respect to the rate of population growth n,
we obtain

av S fa-z
&~ —(1+n) 'S (a-a)n(a) (1

~(1+n) En,(a-a)(x, %),

where g is the (usual, or democratic) mean of age. The first
term on the right hand side of Eq. (11), which shows the ef-
fect of changes in n on total within-group inequality, is nega-
tive because 1)(a) rises with g; an older population will have
higher total within-group inequality because there is more
inequality among older groups than among younger groups.
The second term is the effect of changes in » on inequality
across age groups. In general it can be positive or negative
depending on the shape of the age profile of x. However, if
the age profile of x_ is linear in age, and if the age distribu-
tion is positively skewed (as would normally be the case),
then the second term in Eq.(11) is also negative, so that a
decline in the rate of population growth will unambiguously
increase the overall variance V. If we are concerned with the
inequality of consumption, so that x, is the average logarithm
of consumption at age a, the condition that x_ is linear in age
means that consumption exhibits constant growth (possibly
including zero growth) over the life cycle. That the age pro-
file of average consumption should exhibit steady growth is
an implication of isoelastic or quadratic utility—two stan-
dard assumptions in the life cycle literature. Given one of
these assumptions, the life cycle model predicts that popula-
tion aging will unambiguously result in more consumption
inequality.

Caveats

One of the main tasks of our empirical work is to discover
whether the data permit a life cycle interpretation—whether
it 1s possible, as the theory requires, to decompose consump-
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tion into age and cohort effects, to document the age profiles
of saving rates, and to test whether saving is indeed nega-
tively correlated with age. As we shall show in the next sec-
tion, there are numerous anomalies and findings that chal-
lenge the predictions of life cycle theory. In spite of these
anomalies, a life cycle interpretation is not ruled out, and it
is possible to turn the theoretical magnitudes into actual
numbers and to calculate the population and income growth
effects. In our view, the major question remains whether sav-
ing is indeed primarily motivated by the needs of retirement.
If not, the life cycle model is unlikely to be a useful vehicle
for the analysis and prediction of saving, and in particular, is
unlikely to give reliable predictions about the likely effects
of demographic and economic trends. For most of this paper,
we temporarily set aside this fundamental question and seek
a life cycle interpretation of the evidence—an interpretation
that can be used to calibrate the formulas presented above.
The attempt to do this does not prevent us from noting a
number of difficulties along the way. In the concluding sec-
tion we shall return to the wider issues of what determines
saving and to the usefulness of life cycle theory for this sort
of modeling exercise.

Before we turn to the data, there are a number of qualifi-
cations to the theory that must be discussed. We start with
the effects of economic and population growth on saving
(Eq. (5)). In the simplest versions of the theory, Modigliani’s
“stripped-down” model, income is assumed to be constant
through the working life, and consumption to be constant
through both the working and the retirement phases of life,
so that saving is a fixed fraction of income during the work-
ing years providing enough assets immediately prior to re-
tirement to support consumption thereafter. This induces a
negative relationship between saving rates and age. Saving
is positive until retirement and negative after retirement so
that the effect of growth on the aggregate saving rate can be
large. For example, in this model the derivative of the aggre-
gate saving rate with respect to the growth rate Y is R/2 when
Y =0, for retirement span R. Although the saving rate is con-
cave in Y, the derivative is 2 when 7V is 3.5%, the work span
is 40 years, and the retirement span is 10 years (see Deaton
(1992; chap. 2) for the calculations). Making this model
more realistic can affect its predictions in a number of ways.

People not only work and retire. They also spend time
as children, supported by their parents who are then usually
in the early part of their working cycle. Because children
have to be fed, clothed, and educated, they raise consump-
tion in the early working years and their parents may start
saving only between middle-age and retirement. This reduces
the length of the accumulation phase and the total amount of
assets at retirement. Although saving will still take place at
younger ages than will dissaving during retirement, so that
growth will still increase the aggregate saving rate, the ef-
fect will be attenuated. In extreme cases, children may be a
substitute for assets. There is evidence from Taiwan and
Thailand that elderly individuals receive considerable finan-
cial support from their children (see, for example, Deaton
and Paxson 1992; Hermalin, Ofstedal, and Chang 1991).
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Where traditions of filial support for the aged are strong,
there may be relatively little need for life cycle accumula-
tion of financial assets, with transfers between family mem-
bers substituting for saving. Much the same effect may oc-
cur in most of the advanced industrialized countries where
there are unfunded, state-run social security systems that may
reduce or even eliminate the need to save for retirement. In-
deed, as incomes rise with economic development, the re-
sponsibility for retirement provision may pass from the fam-
ily to the state, leaving at most a limited role for life cycle
saving.

That the age structure of families affects saving behavior
breaks the equivalence between per capita income growth on
the one hand and population growth on the other. When the
rate of population growth declines, for example, population
is indeed redistributed toward the older groups; but the struc-
ture of families must also change, so that households headed
by workers and potential savers will contain fewer children
and (perhaps) more elderly parents. Because people consume
in households, not as individuals, population growth rates
affect not only the weights that are used to aggregate the age
profile of consumption, but also the shape of the age profile
itself. The lack of equivalence between population and eco-
nomic growth also shows up in the data, where the effects of
economic growth on national saving rates are detected much
more easily and robustly than are those of population growth
(see Gersovitz 1988 for a survey of this literature.) Of course
these negative findings, although consistent with the theory,
can hardly be taken as evidence in its favor.

The recognition that household size and age structure
affect consumption and income patterns can also compromise
the implications of population growth for inequality. There
are two effects that parallel those in the discussion of the
effects on saving. First, the presence of children affects the
age profiles of consumption or income, and therefore has a
direct effect on the variance Eq. (9) and its derivative with
respect to the rate of population growth Eq. (11). If we de-
fine inequality as inequality at the individual level, then we
will presumably assign to children very low incomes and
(relatively) low consumption. The squares of the deviation
of income and consumption from their means will be largest,
therefore, among the youngest groups, so that the last term
in Eq. (11) can be positive, and declines in the population
growth rate will diminish inequality. Even on a household
basis, per capita consumption and income may be lowest
among the households with the largest number of children,
and the same effect may occur. The second effect of children
on the analysis of inequality is the same as that discussed for
saving—that it is impossible to hold the age pattern of con-
sumption constant when the rate of population growth
changes. As a result, there will be additional terms in Eq.
(11) about which it is hard to say anything. There:are plau-
sible specifications, however, that once again induce a posi-
tive relationship between the rate of population growth and
inequality—especially at high rates of economic growth.

The effects of economic growth on saving are also likely
to be less straightforward than in the theory so far. First,
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growth in per capita income may occur within generations as
well as between them. If people anticipate this growth over
their lifetimes, there are incentives when they are young, not
to save, but to borrow. If this takes place, it is possible for
dissaving among the young to dominate and for increases in
economic growth to decrease saving. Modigliani (1986} ar-
gues that the ability of this effect to alter the qualitative re-
sult is limited by the fact that most young people would find
it hard to borrow large sums to finance consumption early in
their careers. However, anticipated growth in earnings over
the life cycle is another reason why the young may save rela-
tively little, and it will diminish the quantitative importance
of the effects of growth on saving. Second, a similar effect
comes from the presence of children in young adult house-
holds. If such households save little, the redistribution of in-
come in their favor that comes from higher growth will not
increase the national saving rate. Third, there is no reason to
suppose that the age profiles of consumption and earnings
are identical across countries, especially when we are com-
paring populations with different patterns of fertility, of
household formation, and of real interest rates. Yet it is only
when these things are held constant that the theory has any
implications for international patterns of saving and growth.
Our empirical evidence shows that age profiles are different
in different countries, and earlier work by Carroll and Sum-
mers (1991) establishes that the positive relationship be-
tween saving and economic growth across different countries
is inconsistent with international comparisons of age-con-
sumption profiles. Of course this does not mean that the life
cycle model of saving and inequality may not hold within
each country separately. It is on this basis that we conduct
our investigations. We look at consumption and income pro-
files for each country, and use these to calculate the implica-
tions of changes in growth rates for each country separately.

EVIDENCE
Data

In this section, we present evidence on whether life cycle
patterns in consumption and saving are consistent with life
cycle theory, and whether population aging and economic
growth are likely to have large or small effects on aggregate
saving and inequality. The data are taken from surveys in
four countries: the United States, Britain, Taiwan, and Thai-
land. Although these countries were chosen largely because
their governments have collected data that can be used to
examine the issues at hand, they represent an interesting
cross section. The two Western economies have had slow in-
come and population growth over the past several decades.
The two Asian economies have had higher rates of per capita
income growth, and although they have experienced declines
in fertility rates they still have faster-growing and younger
populations than the Western economies. The personal sav-
ing rate differs sharply across the countries. National Ac-
counts figures indicate that Taiwan, the fastest growing coun-
try, had a personal saving rate of 20% in 1990, in contrast to
saving rates of 13.2% for Thailand, 6% for the United States,
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and 3.2% for the United Kingdom in the same year (see
Paxson 1996). Thus the experience of these countries is con-
sistent with the well-documented positive cross-country cor-
relation between growth and saving rates.

For each country we use time-series of cross-sectional
household surveys that provide consumption, income, and
saving information for a large number of households. In all
cases, we work with household income and expenditure sur-
veys in which saving is defined as a residual. As with most
such surveys, there are difficulties in reconciling estimates
of saving from these microeconomic data with estimates of
aggregates from national accounts. (See Paxson (1996) for a
comparison of survey-based and national accounts measures
of saving in the four countries discussed in this paper.)
Among these difficulties are mismeasurement of income in
the surveys and the difficulty of estimating the mean of a
variable whose distribution is as skewed as is that of saving.
All indications are that a large fraction of saving is done by
a relatively small fraction of households. We also should note
a conceptual difference. The survey measures of saving do
not include contributions to occupational pension schemes,
which account for a substantial amount of saving in the
United States and the United Kingdom.

The U.S. data are drawn from the Consumer Expendi-
ture Surveys (CEX) from 1980 to 1992. These surveys con-
tain information on approximately 4,500 households sur-
veyed in each quarter of each year. For Britain we use data
from the 1969 to 1992 rounds of the Family Expenditure Sur-
veys (FES). Like the U.S. survey, the British survey is con-
ducted quarterly, and about 1,750 households are surveyed
each quarter. The Taiwanese data are taken from the 1976 to
1990 rounds of the Survey of Personal Income Distribution,
a survey of approximately 13,000 households per year. The
Thai data are from the Socioeconomic Surveys conducted in
1976, 1981, 1986, 1988, 1990, and 1992. The number of
households per year in the Thai surveys ranges from 11,000
to 13,500. The data are discussed in more detail in Deaton
and Paxson (1994a) and Paxson (1996).

Although all of these surveys are cross-sectional (i.e.,
individual households are not reinterviewed in successive
years of the survey) they are useful for examining how con-
sumption, saving, and inequality change over the life cycle.
Our approach is to examine the experience not of individu-
als but of birth-year cohorts. For example, we can link to-
gether measures of average consumption among 20-year-olds
surveyed in 1980, 21-year-olds surveyed in 1981, 22-year-
olds surveyed in 1982, and so on, to see how average con-
sumption evolves over time as the cohort ages. Averages of
other variables, as well as higher-order moments that mea-
sure inequality, can also be tracked over time for each co-
hort.

Figure 1 illustrates the cohort-level data we use. The fig-
ure shows cohort averages of the logarithm of household con-
sumption for Taiwan, graphed against age. In the upper panel
each line connects the data points for a single cohort. The
left-most line traces the experience of the cohort aged 20 in
1976, the next traces the experience of the cohort aged 21 in
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FIGURE 1. CONSUMPTION AND AGE IN TAIWAN, BY
COHORT AND BY YEAR

By Cohort
13 Age 40 in 1976

—

12

In(c)

Age 20 in 1976

11 -

In(c)

1976, and so on. Consumption rises with age for the youngest
groups, and then levels off at the very oldest ages. The effects
of rapid economic growth (around 5% per year during the
sample period) appear as vertical downward shifts in the lines
for each successively older cohort: Households with heads
born more recently consume more at each age than did those
from older generations. The lower panel shows the same data,
displayed to highlight how cross-sectional age-consumption
profiles have changed over time. Each line conne :ts the data
points for a specific year, so the lowest line shov's the cross-
sectional age-consumption profile for 1976, and the highest
shows the same profile for 1990. This figure illustrates not
only how misleading cross-sectional age profiles of consump-
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tion are as measures of the experience of individual cohorts,
but also how rapid growth combined with rising consumption
with age can result in nearly flat age-consumption profiles
within any one year (or cross-section) of data. The shape of
cross-sectional age-consumption profiles determines the be-
tween-cohort contribution to inequality. In the case of Tai-
wan the fact that these profiles are flat implies that the contri-
bution of across-cohort inequality to total inequality is small.
We shall return to this topic in the section on aging, growth,
and inequality below.

The use of cohort data is not problem free. In principle,
the sample of observations used to construct information on
a specific cohort should be drawn from a population of indi-
viduals that remains fixed over time. However, because the
data contain information on the consumption of households
rather than of individuals, cohorts must be defined accord-
ing to the age of the household head, and the population of
household heads is not fixed over time. New household for-
mation, marriage, divorce, and death will change the under-
lying population from which the observations for a specific
cohort are drawn. Selection into and out of headship is likely
to be important in the Asian countries, where older people
often reside with their adult children. Furthermore, selection
into and out of headship is influenced by survey design,
which may differ across countries. In Taiwan, for example,
the household head is defined by the survey as the primary
earner, so that a person, typically a man, will cease to be a
head when the earnings of one of his coresident children ex-
ceeds his own. Cohort averages at the oldest ages are based
on the selected sample of people who choose to live inde-
pendently of their children (if they have children), or who
out-earn the children with whom they reside. In Thailand,
the definition of headship is not set by the survey, and the
typical pattern is to designate the oldest male to be the head,
so that the effects of selection are likely to be different but
no less serious than in Taiwan. In either case the potential
selection problems must be kept in mind when interpreting
the results that follow. How family structure is determined
and changes with economic and population growth is an im-
portant topic for future research.

Aging, Growth, and Saving
The first set of questions we address is whether the data are
consistent with the life cycle model and whether the effects
of population aging and economic growth are likely to have
large or small effects on the aggregate saving rate. The main
objective is to estimate age profiles of income and saving
rates, which can be used with Eq. (5) to quantify the effects
of aging and growth on aggregate saving. Many'of the re-
sults that follow are drawn from Paxson (1996).

Our starting point is a simple version of the:life cycle
model with no uncertainty. Consumption for an individual /
at age a born in year b is denoted as:

¢y =Glar W, (12)

where W, is the lifetime wealth of the individual (equal to
initial assets plus the present value of earnings, transfers,
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and bequests), and r is the interest rate. According to Eq.
(12), W, sets the position of the age profile of consumption,
whereas the function G (a,r) sets the shape of the profile by
determining how lifetime resources are allocated to con-
sumption in each period. According to simple life cycle
theory, this shape depends only on age-specific tastes and
the interest rate, not on the timing of receipts over the life
cycle. Taking the logarithm of Eq. (12) and averaging
across all people of the same age and born in the same year
yields:

In(c,,)=In(W,)+In(G(a,r)). (13)

According to Eq. (13), the cohort average of the loga-
rithm of consumption can be decomposed additively into two
terms. The first represents the effects of lifetime wealth on
consumption regardiess of age, and the second represents the
effects of age-specific tastes and the interest rate on con-
sumption. Eq. (13) is estimated by regressing the average of
the logarithm of consumption for each age-cohort cell on a
set of cohort (i.e., birth year) and age dummy variables. Pro-
vided that the life cycle model is correct, the estimated age
effects provide information on age-specific tastes for con-
sumption as modified by the real interest rate, and the cohort
effects provide information on the effects of economic
growth on consumption. Under the assumptions of the previ-
ous section—that economic growth shifts age-earnings and
age-consumption profiles up without changing their shapes,
and that all cohorts face the same interest rate—the average
of the logarithm of income can also be decomposed into age
and cohort effects using the same methodology.

The theory discussed above and its empirical implemen-
tation take no account of the possibility that consumption or
income might be affected by macro shocks that affect all co-
horts regardless of age. For example, Taiwan experienced a
recession in the early 1980s, which is reflected in Figure 1
as slow consumption growth for all cohorts during this pe-
riod. The age-cohort decomposition discussed above will not
capture these pure year effects. To account for year effects
we include a set of year dummies in each regression, even
though this simple modification has both theoretical and
practical difficulties. In theory, the life cycle model under
uncertainty indicates that the effect on consumption of an
unanticipated shock to lifetime wealth will vary with age,
because, compared to older people, younger people have a
longer time horizon over which to consume unanticipated
increases in wealth. The additive year effects will not cap-
ture these interactions between macro shocks and age. In
practice, the full set of age, cohort, and year effects cannot
be estimated without imposing additional parameter restric-
tions. The problem is that age, birth year, and calendar year
are linearly dependent; a person’s age must equal the current
year minus his year of birth. Because of this collinearity,
there is no unique way to identify a trend in the variable of
interest. To see the problem, consider an example in which
all cohorts have identical consumption in a given year and
consumption grows for all cohorts by 5% per year. One pos-

103

sible interpretation of these data is that there are no cohort or
age effects, but that there are year effects in consumption
that increase by 5% per year. Another equivalent interpreta-
tion is that there are no year effects in consumption, and that
consumption increases by 5% per year of age and decreases
5% per year for each successively older cohort. For example,
the consumption of the cohort born in 1960 will increase by
5% per year, and the consumption at age 30 of the cohort
born in 1960 will be 5% less than was the consumption at
age 30 of the cohort born in 1961. Because the year effects
are included to account for macroeconomic shocks and not
trends, we restrict the year effects so that they sum to 0 and
are orthogonal to a time trend. The effect of this normaliza-
tion is that trends in consumption and income are attributed
to age and cohort, not to time.

Figure 2 shows estimates of age-consumption and age-in-
come profiles. The points graphed are simply the age effects
from regressions of the logarithm of consumption and in-
come on age, cohort, and restricted year effects for each of
the four countries. We show two age-income profiles for the
United States. One is based on income data from the CEX,
and the second uses data from the Current Population Sur-
vey (CPS), which is thought to provide more reliable in-
come figures. Each set of age effects is normalized to equal
0 at the youngest age of 25, so the figure provides informa-
tion on changes in each variable with age rather than their
levels; it does not indicate that saving rates are negative at
all ages in the United States. One important feature of the
figure is that the age-consumption profiles have different
shapes in different countries. As Paxson (1996) shows,
these cross-country differences cannot be explained by dif-
ferences across countries in the size and age structures of
households. For example, Taiwan’s high consumption at the
oldest ages is not explained by larger household size among
households with older heads. Even so, the fact that age-con-
sumption profiles differ across the four countries is not nec-
essarily at odds with life cycle theory; the theory imposes
no restrictions on the shape of age-consumption profiles,
and if age-specific tastes and or interest rates differ across
economies then the age profiles of consumption will also
differ. However, the differences in the figures certainly call
into question the predictions of life cycle theory for the
cross-country relationship between growth and saving, be-
cause these predictions are based on the effects of variations
in growth rates conditional on identical age profiles of con-
sumption and income.

Another important feature of Figure 2 is that the age pro-
files of consumption and income within each country are
quite similar to one another—especially in Britain and Thai-
land. Even within the United States and Taiwan increases and
decreases in the consumption and income profiles coincide.
This result is consistent with other research (e.g., Carroll and
Summers 1991), which finds that consumption “tracks” in-
come over the life cycle. The presence of tracking is diffi-
cult to reconcile with the simple life cycle model, but it may
be explained by more complicated versions of the model
such as those that include precautionary motives for saving



104

DEMOGRAPHY, VOLUME 34-NUMBER 1, FEBRUARY 1997

FIGURE 2. AGE EFFECTS IN LN(Y) AND LN(C), NORMALIZED TO 0 AT AGE 25
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and borrowing constraints (see, for example, Carroll forth-
coming; Hubbard, Skinner, and Zeldes 1995). Whatever its
source, the effect of tracking will be to weaken any relation-
ship between economic and population growth and the ag-
gregate saving rate because the young must save substan-
tially more than the old for large effects to exist.
Quantifying the effects of population and economic
growth on aggregate saving requires estimates of the age pro-
file of saving rates, represented by the terms s(a) in Eq. (5).
Because the saving rate is approximately equal to the differ-
ence between the logarithms of income and consumption,
one way to proceed is to decompose this measure of the sav-
ing rate into age, cohort, and restricted time effects, just as
was done for the logarithms of income and consumption. The
age effects reveal the life cycie patterns in saving rates and
can be used to calculate the effects of growth on the aggre-
gate saving rate using Eq. (5). The cohort effects will mea-
sure fixed differences across cohorts that raise or lower the
saving rate at all ages, and will reflect differences across co-
horts in the fraction of lifetime wealth that is consumed or
not bequeathed to future generations. In the absence of be-
quests and inter-vivos transfers, the present value of con-
sumption is equal to lifetime wealth, and the cohort effects

should be 0. The year effects will capture the effects of
macroeconomic shocks on the saving rates of all groups in a
particular year.

As has been frequently noted, there was a downward
trend in the U.S. aggregate saving rate during the 1980s
and, although none of the other three countries show simi-
larly sustained trends over the periods of analysis, there are
several cases where there are trends for a period of years.
Such phenomena are, in principle, consistent with the life
cycle interpretation of saving; indeed Modigliani (1990) has
argued for a life cycle interpretation of declining national
saving rates in developed countries through the 1960s,
1970s, and early 1980s. The slowdown in rates of economic
growth has redistributed lifetime resources (relatively) to-
ward older consumers, who supposedly save less, thereby
lowering aggregate saving. Of course, this interpretation
may or may not be correct. An obvious alternative is that
there have been declines in age-specific saving rates. Sup-
pose, for example, that all individuals save the same frac-
tion of their income in any year, regardless of age, but that
for some unknown reason (e.g., saving “fads” or the spread
of a belief that saving is unlikely to help much in retire-
ment), the saving rate declines over time—say, from 10% to
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5% from one year to the next. If we apply our econometric
procedures to this case, the estimated age effects will show
a 5% decline with age because each cohort saves 5% less as
it ages by one year. The cohort effects, on the other hand,
will show that a 5% increase per year as we move from
younger to older cohorts: Cohorts born more recently save
less at any age than did older cohorts when they were the
same age. The “fad-driven” time trend in the saving rate
will appear as offsetting age and cohort effects. The attempt
to impose a life cycle interpretation on these non-life-cycle
data has “succeeded” in the sense of fitting the data, but has
done so at the price of absurd age and cohort profiles. More
realistic examples in which the saving rate for a cohort in a
given year is the sum of an age-specific component s(a)
plus a time-trend common to all individuals will also gener-
ate offsetting age and cohort effects.

This is exactly what happens when we estimate saving
rate equations for the United States. Figure 3 shows estimates
of age effects and cohort effects in the saving rate for the
United States. The estimates indicate that the saving rate de-
clines approximately 1% for each year of age and increases
1% per year across cohorts, which is roughly consistent with
the average decline over the sample period in the aggregate
saving rate. If these results are accepted at face value, they
imply that saving rates decline dramatically with age. For
example, the estimated age effects imply that, all else equal,
25-year-olds have saving rates that exceed those of 40-year-
olds by about 25 percentage points, so if 40-year-olds save
on average 5% of their incomes, 25-year-olds will save 30%.
Likewise, the estimates of cohort effects imply that each co-
hort intends to bequeath 1% less of its lifetime wealth than
does the cohort of people born a year earlier.

This “life cycle” interpretation of American saving pat-
terns is clearly absurd. It attributes the decline in U.S. sav-
ing rates over the 1980s to unexplained declines in bequest
motives combined with rapid and consistent declines in sav-
ing rates with age throughout the life span. Although we do
not have an alternative well worked-out explanation of the
trend in the U.S. saving rate, it is clear that the life cycle
interpretation in Figure 3 is not a promising candidate. One
possibility is that what appear to be trends are actually con-
sequences of changes in the surveys used to measure saving.
Bosworth, Burtless, and Sabelhaus (1991) argue that the
quality of the income data collected by the U.S. Consumer
Expenditure Survey has deteriorated over time, resulting in
a spurious decline in the measured saving rate. The British
Family Expenditure Survey may also have measurement
problems, but with different effects. The data show a sharp
increase in measured saving rates between 1986 and 1991
that is not reflected in the National Accounts data, and which
may be partly due to changes in the survey’s sampling frame.
Attributing these spurious changes in measured saving rates
to age and cohort effects will clearly give misleading results.

That the age and cohort estimates in Figure 3 are not
credible does not mean that a life cycle interpretation is im-
possible. In particular, the figure does not tell us about the
importance of the offsetting trends in age and cohort effects
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FIGURE 3. AGE AND COHORT EFFECTS IN SAVING RATES
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or whether they can be eliminated without significant loss of
fit. One way of doing so is to impose linear homogeneity on
the lifetime utility function so that bequests are a constant
fraction of lifetime resources. This is a plausible restriction,
but it is not necessarily true, and many commentators have
argued that the bequest motive becomes more important with
the level of development. If it is imposed, cohort effects in
consumption must match cohort effects in income so there
are no cohort effects in saving and we can reestimate the sav-
ing models with only age and unrestricted year effects. Of
course, using this procedure means that observed trends in
saving rates are attributed to year effects and are left unex-
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plained by life cycle theory. This is only satisfactory if we
could be sure that the trends are indeed a consequence of
measurement error. Yet the procedure has the advantage of
yielding age effects in saving rates that can be used to calcu-
late how changes in economic and population growth will
affect the aggregate saving rate in the absence of any future
trends or year effects. We adopt this procedure in deriving
the remainder of the results in the paper; but note that it is
different from Deaton and Paxson (1994a) so that the results
from Taiwan reported in that paper are different from those
reported here.

If we allow unrestricted year effects in savings together
with the age effects, but with no cohort effects, we do not
lose a great deal of fit compared with the model with a full
set of age, cohort, and year effects. For the United States,
the F-statistic is 1.76, which given 61 and 600 degrees of
freedom, is significant at conventional levels, but is never-
theless not large enough to suggest serious misspecification.
The corresponding F-test statistics for the other countries are
1.42 for Britain, 2.60 for Taiwan, and 1.10 for Thailand. For
Britain and Thailand these are not significant at conventional
levels. However, these statistics are hardly adequate tests of
the life cycle model, if only because they do not penalize
trends in the year effects. If these trends were all attributable
to progressive measurement error, the procedure would be
reasonable, but if the trends are real, the procedure allows
the model too much flexibility. A more stringent test of the
life cycle hypothesis is therefore not only to remove the co-
hort effects, but also to require that the year effects be
trendless. The test for this restriction generates much larger
F-statistics, 4.70 for the United States, 5.04 for Britain, 28.34
for Taiwan, and 1.86 for Thailand. These numbers show that
we pay a heavy price for our insistence on a life cycle inter-
pretation of the data, particularly if we rule out (lifetime)
wealth elastic bequests.

The age effects from regressions of saving rates on age
and year dummies are shown as the heavier lines in Figure 4.
For the United States and Taiwan, the age effects are consis-
tent with the simple life cycle theory prediction. Saving rates
generally rise until retirement age, and then drop sharply.
The pattern in Britain is similar, although the differences in
saving rates across age groups are much less pronounced and
there is a peculiar increase in the saving rate among the old-
est age groups. This could perhaps be due to selection out of
headship among older people who save the least. Only the
Thai data indicate no life cycle patterns in saving rates, and
the F-statistic for joint significance of the age effects is only
1.37. The lighter lines in the figure represent the age effects
when average numbers of children and adults in each house-
hold are included as additional controls. In all countries ex-
cept Thailand, more children depress the saving rate, and in-
cluding the demographic controls shifts the age-saving pro-
files up among those households in the childrearing years.

Although the estimates in Figure 4 show evidence of life
cycle patterns in saving rates, there is actually too little life
cycle saving for population or economic growth to have large
effects on the aggregate saving rate. Paxson (1996) uses
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these estimates of age-saving profiles to tabulate the implied
effects on the aggregate saving rate of changes in the rate of
economic growth g, maintaining the assumption that growth
does not change the shape of age-earnings profiles. Because
none of these countries are in demographic equilibrium,
these calculations make use of the actual distribution of
people across age groups in each country rather than the
theoretical distributions that would be obtained in steady
state. Specifically, the aggregate saving rate is expressed as:

’ (14)

where s, and y_ are defined in Eq. (4), and x_is the fraction
of household heads aged a in the most recent survey year.
The change in the aggregate saving rate with respect to g can
be expressed as:

“Z;a(S/Y—s )y(a)(l +g)'m,
Zﬂam+g)ﬂ

a=1

%W”_ 1

dg (+g)

(15)

Eq. (15) is tabulated by setting the terms s, equal to the
age effects from the saving rate equations graphed in Figure
4, and the logarithm of the terms y(a) equal to the age effects
from the income equations graphed in Figure 2.

Tabulations of Eq. (15) indicate that the effects of
growth on saving are small. For example, the results for the
United States indicate that at a growth rate of 2% per annum,
a one percentage point increase in the growth rate (from 2%
to 3%) would increase the aggregate saving rate by only 0.27
of a percentage point (e.g., from 5% to 5.27%). The effects
of growth on aggregate saving are even smaller for the other
countries, and are actually slightly negative for Thailand.
Furthermore, the effects are much smaller than those ob-
served in the cross-country data, which indicate that an in-
crease of one percentage point in the growth rate is associ-
ated with an increase of one and a half to two percentage
points in the aggregate saving rate.

That the age effects in saving are small implies that
changes in the rate of population growth should also have
small effects on the aggregate saving rate. To illustrate how
changes in the rate of population growth affect the aggregate
saving rate, we use data from Taiwan and Eq. (5), which is
reproduced here for convenience:

p» = —(1+y) E)sueu(a—&). \ &)

{
|

As before, d is the average of age weighted by income
shares, and 0, is the share of income that accrues to those
aged a. Both 4 and 0, are functions of the rate of economic
growth g, the rate of population growth »n, and the life table
p(a). Given information on the life table p(a), age-specific
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FIGURE 4. AGE EFFECTS IN SAVING RATES, NO COHORT EFFECTS AND UNRESTRICTED YEAR EF-
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saving rates s, from Figure 4, and the age profile of income
y(a) from Figure 2, Eq. (5) can be filled in for different val-
ues of # and g.

Although calculating Eq. (5) appears to be straightfor-
ward, matters are complicated because individuals live in
families, and income and saving are measured at the house-
hold level rather than at the individual level. There are two
major issues. The first and more difficult issue is that
changes in the rate of population growth will change the size
and age structure of households, which in turn may affect
the age profiles of consumption, income, and saving. For ex-
ample, higher rates of population growth will result in more
children per household, and households with more children
may consume more and earn less than others. Because chil-
dren are concentrated among households with younger heads,
saving rates would decrease among households with younger
heads. In terms of Eq. (5), the problem is that both s, and
y(a) (the latter of which is used to construct 6,) may change

with changes in the rate of population growth in ways that
are difficult to predict without much more information on
how family structure is determined. We do not attempt to
deal with this problem in this paper, and proceed as if the
age profiles of saving and income are invariant to changes in
the rate of population growth.

The second issue is related to the first, but is less diffi-
cult to handle. The results in Figures 2 and 4 show how in-
come and saving rates vary with the age of the household
head, and how the age distribution of household heads is not
the same as the age distribution of the entire population. Thus
the terms p(a) implicit in Eq. (5) must be replaced by the
probabilities that someone survives to age a and is a house-
hold head at that age. Without a theory of how headship is
determined and perhaps influenced by changes in the rate of
population growth, the best we can do is make ad hoc as-
sumptions about age-specific headship probabilities. In the
calculations that follow we assume that the probability of
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FIGURE 5. AGE DISTRIBUTIONS OF THE POPULATION AND
HOUSEHOLD HEADS IN TAIWAN, ACTUAL AND
IN DEMOGRAPHIC EQUILIBRIUM
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being a head at any age will not change with changes in the
rate of population growth. Specifically, we calculate the
probability that someone survives to age a and is a house-
hold head at that age as:

pi=pihP, +plh/(1-P,), (16)

where p " is the probability that a male survives to age a, '

is the probability that a male aged a is a household head, and
P, is the probability at birth that a person is male. The terms
with “f” superscripts are defined in the same way, but for

females.
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Figure 5 illustrates the implications of our assumption of
constant age-specific headship probabilities. The upper panel
shows the actual distribution of the Taiwanese population
based on the 1991 Personal Income Distribution Survey and
the steady-state age distributions at 2% and 4% population
growth rates. Several aspects of the upper panel deserve men-
tion. First, the “actual” age distribution of the population
shows too few people in their late teens and early 20s. This is
not a genuine feature of the population, but reflects the fact
that for a variety of reasons (including mandatory military
service and college attendance) many young people are not
covered by the survey. Second, the figure shows evidence of
the immigration of mainland Chinese in the early 1950s, the
postwar baby boom, and the rapid fertility decline of the
1960s, all of which produce an age distribution that is quite
different from the steady-state distributions. The lower panel
shows the actual age distribution of household heads and the
calculated age distributions of household heads at 2% and
4% population growth. As expected, at a lower rate of popu-
lation growth the fraction of household heads who are rela-
tively old increases, because a greater fraction of the popula-
tion is concentrated among older ages. However, the frac-
tions of heads who are very old is quite low not only because
there are few people alive at old ages, but also because
headship probabilities among the old are low. In Taiwan, older
parents often move in with their adult children and cease to
be household heads. Low headship rates among the elderly
will tend to attenuate the calculated effects of population ag-
ing on saving: Even if the oldest household heads have sav-
ing rates that are much lower than those of other groups, these
saving rates are given very little weight because there are few
household heads at the oldest ages.

As expected, calculations of Eq. (5) indicate that
changes in the rate of population growth will have small ef-
fects on the saving rate. For example, at a 2% rate of popu-
lation growth and a 4% rate of economic growth, an in-
crease of one percentage point in the rate of population
growth is predicted to increase the saving rate by 0.19 per-
centage point. At low values of n and g, the effect is some-
what smaller, and at high values it is somewhat larger; but
even with population and economic growth rates of 6%, the
effect on the saving rate of a one-percentage-point rise in n
is only 0.26 percentage point. Of course, these calculations
rely on the assumption that changes in population growth
will have no effect on the income and saving profiles of
households.

Aging, Growth, and Inequality

The results presented in the last section indicate that even if
the life cycle model is correct, economic and population
growth will have small effects on aggregate saving rates.
However, the results we present in this section indicate that
changes in population aging may have large effects on con-
sumption inequality. The size of these effects depends on the
rate of economic growth, and on the responses of consump-
tion to the changes in family size and age structure that ac-
company fertility change. We show that although there are
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FIGURE 6. VARIANCE OF LN(CONSUMPTION) FOR SELECTED COHORTS
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some conditions under which the effect of population aging
on inequality will be small, there are plausible circumstances
under which population aging will yield substantial increases
in consumption inequality.

The results of this section hinge on the finding that in
each of the four countries we examine, within-cohort in-
equality increases with age. This result is shown in Figure 6.
The graphs show one inequality measure (the variance of the
logarithm of consumption) graphed against age for selected
cohorts born 10 years apart in each of the four countries. To
eliminate seasonal effects in the variances in the quarterly
data from the United States and Britain, we averaged across
all quarters within each year. Two features of the graphs de-
serve mention. First, in all four countries inequality increases
with age within cohorts. Second, in all countries except Tai-
wan there is evidence of cohort effects: At any specific age,
inequality is higher among more recently born cohorts. In
Taiwan there is no evidence of cohort effects. For example,
inequality is essentially the same for those aged 41 in 1976
as for those aged 41 in 1986.

The age effects in inequality can be seen more clearly in
Figure 7, which shows the estimates of age effects from re-
gressions of the inequality measure on age, cohort, and (for
the United States and Britain) quarter effects for each coun-

try. The vertical positions of the lines are chosen so that at a
specific age (38 in Taiwan and Thailand, 3640 in the United
States, and 3539 in Britain) they pass through actual inequal-
ity for that age group averaged over all of the survey years.

The results for all four countries indicate that inequality
increases with age. Furthermore, these increases are quite
large. For example, the results for the United States show
that age effects increase from 0.251 for 25-year-olds to 0.469
for 55-year-olds. If consumption is lognormally distributed,
the results imply that, as a cohort ages from age 25 to age
55, its Gini coefficient will increase from .282 to .378-—an
increase that is much larger than that observed in aggregate
inequality over the sample period in the United States. The
increases in inequality with age in Taiwan and Britain, which
are of the same scale as for the United States, are also large
relative to observed aggregate changes in each country.
Those for Thailand are even larger; note that the vertical
scale of the graph for Thailand differs from the other coun-
tries. The age effects increase from 0.35 at age 25 to 0.72 at
age 55. Although there has been a large increase in aggre-
gate inequality in Thailand over the sample period—the vari-
ance of the logarithm of consumption over all houscholds
has increased from 0.372 in 1976 to 0.539 in 1992—the in-
creases in inequality with age are even larger.
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FIGURE 7. AGE EFFECTS IN THE VARIANCE OF LN(CONSUMPTION)
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Note: The graphs for the United States, Britain, and Taiwan are reproduced from Deaton and Paxson (1994a).

Because inequality increases with age in each of these
countries, population aging through reductions in the rate of
population growth will increase the contribution of within-
cohort inequality to total inequality as it shifts the balance of
the population toward older and more unequal age groups.
In Deaton and Paxson (1995), we use the Taiwanese results
from Figure 7 with Taiwanese age-specific survival prob-
abilities p(a) and headship probabilities at each age to assess
the effect of changes in the rate of population growth on
within-cohort inequality. These tabulations indicate that a
decline in the rate of population growth from 4% to 0%
yields an increase in within-cohort inequality (measured as
the variance of the logarithm of consumption) from .240 to
.289, which implies a nonnegligible increase in the Gini co-
efficient of about .025 assuming consumption is lognormally
distributed.

Total inequality depends on both within- and between-
cohort inequality, and the effect of changes in the rate of
population growth on between-cohort inequality depends on
the shape of the cross-sectional age-consumption profile. As
discussed in our theoretical section, if consumption for indi-
viduals (and thus for cohorts) grows at a constant rate with
age, then population aging will necessarily increase between-

cohort inequality. However, if lifetime age-consumption pro-
files are not linear, or if changes in the age structure of the
population that come with declines in fertility change the
shape of the age-consumption profile, then the result can be
overturned. The age effects shown in Figure 2 indicate that
the age-consumption profiles are not linear in any of the
countries; consumption first rises and then declines with age.
Furthermore, consumption varies with the size and age struc-
ture of households. Results reported in Paxson (1996) indi-
cate that in all four countries, more adults are associated with
higher consumption, and more children are associated with
either declines in consumption or increases in consumption
that are smaller than those produced by more adults. Declines
in fertility, which reduce the numbers of children relative to
adults, are likely to increase consumption among age groups
in their childrearing years relative to those in older age
groups, thereby either increasing or decreasmg between-co-
hort inequality.

The effects on between-cohort mequalxty of growth,
family size, and composition are illustrated using informa-
tion on the age-consumption profiles from Taiwan. The first
issue is how changes in the rate of economic growth affect
between-cohort inequality. As shown by the right-hand terms



THE EFFECTS OF ECONOMIC AND POPULATION GROWTH

in Eq. (9), the amount of between-cohort inequality is deter-
mined by the shape of the cross-sectional age-profile of con-
sumption, which is influenced both by age-specific tastes for
consumption and by the rate of economic growth. For ex-
ample, if individuals have flat age-consumption profiles and
the rate of economic growth is high, the consumption of the
younger, wealthier cohorts will exceed that of older, less
wealthy cohorts, resulting in high between-group inequality.
Conversely, steep age-consumption profiles coupled with
high economic growth can result in flat cross-sectional age-
consumption profiles, which (as shown in Figure 1) is close
to the actual case in Taiwan.

To illustrate the effects of economic growth on inequal-
ity, we start with the following equation for the average loga-
rithm of consumption of those at age a born in year b:

x, =In(c,)=a, +(w, +gb)
=0, +w,+g(t—a).

an
This equation is simply a restatement of the consump-
tion Eq. (12) with the additional assumption that lifetime
wealth is growing at rate g, so that more recently-born co-
horts consume more at each age than did their parents and
grandparents. The term o represents the effects of age-spe-
cific tastes and the interest rate on consumption. Given Eq.
(17), the deviation of the logarithm of consumption of those
aged a from the national average depends only on the age
effects o and the rate of economic growth:

x, - x, = (o, —0l,) - g(a-a). (18)

Figure 8 shows the cross-sectional age-consumption pro-
files, expressed as deviations from the mean over the entire
population, for three rates of economic growth. We calcu-
lated the mean of the logarithm of consumption using popu-
lation weights consistent with a steady-state population
growth rate of 2% per annum, age-specific headship prob-
abilities from the survey data, and the Taiwanese life table
from Keyfitz and Flieger (1990). For each profile, the age
effects o are the same as those graphed in Figure 2 for Tai-
wan. As expected higher growth “pivots” the profiles clock-
wise in favor of the young. At a growth rate of 4% per year,
which is close to Taiwan’s current situation, the profile is
quite flat; but either higher or lower growth results in more
between-cohort inequality.

The effects of changes in the rate of population growth
n on between-cohort inequality differ with different rates of
economic growth. Tabulations presented in Deaton and
Paxson (1995) indicate that at high rates of economic growth,
declines in the rate of population growth increase between-
cohort inequality, so that it is true that population aging in-
creases both within- and between-cohort inequality. How-
ever, at low rates of economic growth the opposite is true:
Population aging results in less between-cohort inequality,
although the increase in across-cohort inequality is large
enough to offset this effect even at a growth rate of 0.

111

FIGURE 8. CROSS-SECTIONAL AGE-CONSUMPTION PRO-
FILES AT DIFFERENT ECONOMIC GROWTH
RATES, WITH 2% POPULATION GROWTH, IN
TAIWAN

Deviation of In(Consumption)
from the Population Mean

Age

The next issue is how changes in household size and age
structure that are caused by changes in the rate of population
growth affect cross-sectional age-consumption profiles and
between-cohort inequality. To examine this issue, we modify
the consumption equation to include controls for the loga-
rithm of family size and the ratio of children to family size:

%, =%, =(0,~)+ B(InS,~In(S,))
+ Bk(ku _ku)_g(a—a)’

where S is average family size for households with heads
aged a and k_ is the average ratio of children to family size.
Estimates presented in Deaton and Paxson (1995) indicate
that B equals 0.24, so that larger families have higher con-
sumption, and that B, equals 0.21, so that controlling for fam-
ily size a higher proportion of children in the household re-
sults in lower consumption.

Calculating the effects of population growth on the age-
consumption profile requires information on how population
growth affects the size and age composition of households.
As in the last section, we assume that the probability that a
person is a household head at each age is invariant to changes
in population growth. We also assume that the probability
that a person aged o lives in a household headed by some-
one aged a is also invariant to the rate of population growth.
These assumptions enable us to calculate values of S and &,
for various rates of population growth (full details are in
Deaton and Paxson 1995). The implied effects of population
growth on age-consumption profiles are illustrated in Figure
9, which shows cross-sectional age-consumption profiles
(again expressed as deviations from means) for values of n
ranging from .01 to .03. The upper panel shows results for a

(19)
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FIGURE 9. CROSS-SECTIONAL AGE-CONSUMPTION PRO-
FILES FOR DIFFERENT RATES OF POPULATION
AND ECONOMIC GROWTH, TAIWAN

Deviation of In{Consumption)
from the Population Mean

Deviation of In(Consumption)
from the Population Mean

20 40 60 80
Age

growth rate of .02, and the lower panel shows results for a
growth rate of .06.

Figure 9 illustrates two important points. First, changes
in the size and age structure of households that are caused by
changes in population growth may have large effects on age-
consumption profiles. The results for Taiwan indicate that at
higher rates of population growth the age-consumption pro-
file is pivoted counterclockwise, so increasing the consump-
tion of households headed by older people relative to those
headed by younger people. Although on average higher
population growth increases family size for all households,
it increases the proportion of members who are children most
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in households with younger heads in childrearing years; and
a higher proportion of children depresses consumption. Sec-
ond, the effects of changes in the rate of population growth
on between-cohort inequality depends critically on the rate
of economic growth. When economic growth is low, as in
the left-hand panel, the young consume much less than the
old. Increases in the population growth rate depress their
consumption relative to the old even further, and cause be-
tween-cohort inequality to increase. Conversely, when eco-
nomic growth is high, as in the right-hand panel, the young
consume more than the old. Increases in the rate of popula-
tion growth depress consumption of the young relative to the
old, “flattening” the cross-sectional age-consumption profile
and reducing between-cohort inequality.

That these effects can be quantitatively significant is il-
lustrated by the tabulations presented in Deaton and Paxson
(1995), which show the effects of population aging on both
within- and between-cohort inequality. The results indicate
that at low rates of economic growth, population aging will
increase total within-cohort inequality but will reduce be-
tween-cohort inequality enough that the net effect of aging
is to reduce total inequality. At the higher rates of economic
growth, which are closer to what Taiwan has experienced
over the last several decades, population aging increases both
within- and between-cohort inequality. For example, the cal-
culations imply that at economic growth of 6% per year, a
decline in the rate of population growth from 3% to 1%
would yield an increase in the variance of the logarithm of
consumption from .313 to .416. This increase is equivalent
to a large increase in the Gini coefficient from 0.309 to
0.352, again assuming for the purposes of the calculation that
consumption is lognormally distributed.

CONCLUSION

In this paper, we have used data on consumption and income
and saving from Great Britain, Taiwan, Thailand, and the
United States to estimate life cycle models of saving. We
used the results—in particular the estimated age-specific sav-
ing rates—1to calculate the effects on national saving of
changes in the rates of economic and population growth. The
important conclusion of this exercise is that these effects are
small. Although the data are consistent with age-specific sav-
ing rates that decline with age, the correlation is not suffi-
ciently strong nor is the amount of saving sufficiently large
to provide much of a lever for growth rates to influence ag-
gregate saving.

We think it is likely that higher rates of economic
growth engender higher rates of national saving through life
cycle effects, but each percentage-point increase in the
growth rate will result in only a fraction of a percentage
point increase in the saving rate. The life cycle effect of
growth on saving is not large enough to explain the cross-
country evidence, nor the declines in saving rates that have
accompanied the productivity slowdown in advanced indus-
trialized countries. Both of these phenomena require that
changes in growth rates change saving rates by twice as
much, and must therefore be attributed to other factors.
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Much the same is true for the effects of changes in the
population growth rate on national saving. Again, it 18 rea-
sonable to suppose that slower rates of population growth in
Asia will reduce Asian saving rates, but the effects are
small, and we find nothing to suggest that the “greying” of
Asia will bring the Asian miracle to a halt by choking off its
(local) supply of capital.

There is stronger evidence for the second topic of the
paper, the effect of growth rates on aggregate inequality. Al-
though there are many other factors at work, there is clear
evidence from the four countries we examined that within-
cohort inequality increases with age. Thus it is both possible
and plausible that the redistribution of the population toward
the elderly will increase aggregate inequality. This is guaran-
teed to occur if the intercohort contribution to inequality is
sufficiently small, as is the case when the cross-sectional
age-profiles of consumption are relatively flat.

There must also be considerable doubt about the validity
of the life cycle model itself, or at least about its usefulness
for interpreting the evidence on saving. The model does not
account for the downward trend in the saving rate in the
United States, which seems to come from declines in age-
specific saving rates—not from an aggregation effect through
the redistribution of population mass or relative purchasing
power toward the low-saving elderly. And although consump-
tion and saving patterns can be interpreted in terms of age
and cohort effects as required by the theory, the estimated
effects are not always plausible and are frequently suggestive
of the importance of other, non-life-cycle explanations. The
existence of time trends in age-specific saving ratios is one
issue. Another issue is that the age, cohort, and year effects in
consumption are closely mirrored by the age, cohort, and year
effects in income—a complicated way of saying that for each
cohort, consumption and income move very closely together.
Such “tracking” of income by consumption has been noted
widely (see, in particular, Carroll and Summers 1991). Al-
though life cycle theory predicts some tracking because the
age profile of earnings is similar to the age profile of house-
hold size, not all tracking can be so accounted for, and there
is a supposition that other factors (e.g., liquidity constraints
or precautionary motives) are tying income and consumption
more closely together than is permitted in the standard life
cycle models. Another possibility is that transfers between
generations, either through gifts between family members or
through more formal social security systems, make life cycle
saving unnecessary. For our current purposes, it matters rela-
tively little whether savings are small because of the param-
eters of the life cycle model or because borrowing constraints
or precautionary motives mean that the model itself needs
serious modification. In either case, the result is the same.
There is insufficient saving at any age for it to provide a
mechanism for either economic or population growth to con-
tribute much to national saving rates.

The mechanism that links inequality to aging is perhaps
more robust because it depends less on the validity of the
life cycle model of saving. Although the life cycle model un-
der uncertainty predicts that consumption inequality should
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increase with age, there are other explanations of the phe-
nomenon. For example, earnings inequality might increase
with age for the reasons discussed by Mincer (1974), and
borrowing constraints might result in consumption tracking
income. The results reported here and in Deaton and Paxson
(1994a) show that for whatever reason, within-cohort in-
equality increases with age not only for consumption, but
also for income and earnings. Unless the mechanism that
generates this inequality is itself a function of demographic
structure, the aging of populations will always exert an ef-
fect that increases inequality.
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