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Abstract: We add health and longevity to a standard modd of life cyde saving and show
that, under plausible assumptions, increasesin longevity lead to higher savings rates at
every age, even when retirement is endogenous. In a stable population, these higher
savings rates are offset by increased old age dependency but during the disequilibrium
phase the effect on savings rates can be substantial. We investigate the effect of
longevity on savings empiricaly and find thet, holding the age structure congtant, savings
do rise sugnificantly with longevity. Our results explain the boom in savingsin East
Adan as acombination of risng life expectancy and faling youth dependency, though
they predict that savingsin the region will return to more normd levels asthe
populaions age. We dso find that faling life expectanciesin Afria are associated wit
hdeclining savings rates.
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1. Introduction

The rate of savings is among the most studied macroeconomic aggregates, reflecting its
importance for understanding a wide range of economic phenomena. How much society
chooses to save today for consumption tomorrow has important implications for the
welfare of the ederly, economic growth and consumption levels. Savings rates differ
across countries and across time within countries, often drameticaly. The benchmark
model for explaining these differences has been the life cycle modd of savings.

According to the life cycle modd of saving people save when young in order to
finance consumption during retirement. In theory (in the absence of a bequest mative),
the dissaving of the old should offsat the saving of the young, such that in agable
population there is no aggregate saving. However, if the age structure of the population is
unbalanced, as occurs over demographic transition for example, the saving behaviors of
different cohorts need not cancel out, and aggregate savings may occur. In addition, Fray
and Mason (1982) and Mason (1981, 1987, 1998) point out that in growing economies,
where the wage incomes of the young increase relative to the retirement income of the
old (which were saved out of past, lower, wages), the age-savings profile should tilt.
These age structure and growth tilting effects have been studied extensively (e.g., Leff
(1969), Keley and Schmidt (1996), Higgins and Williamson (1997), Higgins (1998),
Masson, Bayoumi, and Samiea (1998)), with the finding that in generd nationd savings
rates are higher when dependency rates are low and there is rapid economic growth.

While the empirica evidence tends to support the main predictions of the life
cycle theory, anumber of puzzles remain. Mogt importantly is the extraordinary increase
in national savings rates observed in East Asia between 1950 and 1990. Such large
swingsin savings are difficult to explain in the context of the standard life cycle modd.
Changes in population age structure and the distribution of income between cohorts, the
“tilting effect,” made only smal contributions to this upswing in saving. The East ASan
dataindicates that the mgor factor driving the surge was an increase in the rate of savings
a every age (see Deaton (1992) for Thailand and Deaton and Paxton (1993, 1997, 1998)
for the case of Taiwan). Such across the board savings “surges’ cannot be reconciled
with the standard life cycle theory. Recently Lee, Mason and Miller (1998) have
suggested the reason for this surge in savings was rapidly increasing hedth and life
expectancy in theregion. By cdibrating asmulaion mode with afixed retirement age,
they argue that the need to finance alonger period of retirement can account for the surge
in svings

Theam of this paper isto investigate if changesin longevity redly play such an
important role in determining nationa savings. While the focus of this paper ison
savings, it can be viewed as part of alarger literature that is reevauating the role of
hedlth and life expectancy on economic behavior (Strauss and Thomas (1998) and Bloom
and Canning (2000a, 2000b)). In particular, thereis an emerging literature arguing that
life expectacny may increase the rutens to, and investment in, education (Bils and
Klenow (2000), Kaemli-Ozcan, Ryder and Weil (1998), Meltzer (1995)).

We begin by investigating the role of longevity in a dynamic optimization mode
of life cycle savings. We take labor market participation decisons to be endogenous,
alowing agents to choose their age of retirement. Under the assumption that consumption
and lesiure and norma goods and rise with wedth, we show that arisein life expectancy
increases the optimd fraction of life spent working, but not by enough to offset the



increased need for retirement income. Therefore savings ratesrise at every age as
longevity risesin order to meet the increased need for assets to finance consumption
during retirement. However, increased longevity islikely to go hand in hand with dll
round hedlth improvements that may increase the productivity, and wages, of the dderly
while reducing their disutility of work. For example, Fogd (1994, 1997) argues that, as
well as an increase in life expectancy, there has been aremarkable decline in the
disability of the aged in the U.S. over the last 100 years. Health improvements that both
increase longevity and reduce morbidity may dlow a sufficient increase in the length of
working lifeto alow savingsratesto fall.

Ideally, we would like to separate out the effects of increased longevity from
those of reduced morbidity. However, in the absence of comprehensive dataonill hedth
we use life expectancy as a measure for hedlth in generd that proxies both for longevity
and lack of disability. It follows that while the pure effect of improved longevity on
savingsis pogtive, in practice it will be a proxy for generd improvementsin hedth and
its overdl effect on optima savings is ambiguous.

We congruct an empirical modd of aggregate savings that includes longevity asa
determinant and estimate it using cross-country pand data. While the inclusion of life
expectancy in modds of aggregate savingsis rare, it has sometimes been used and found
to have a pogtive effect (e.g. Doshi (1994), Asian Development Bank (1997)). Weam
to improve upon these empirica sudiesin anumber of ways.

Fird, there is the question of which measure of aggregate savingsto use. We
replicate our work on four different measures; gross nationd savings and gross domestic
savings, each measured using local relative prices and then internationd reletive prices.
While none of these measuresiis perfect, each has some advantages as a measure of
savings and we wish to demondtrate that our result do not depend on a particular measure
of aggregate savings. We find that in dmost al specifications increasesin longevity are
associated with a gatigticaly significant increase in the savings rate.

Second, thereis the issue of how to incorporate age structure effects. While Leff
(1969) and Kelley and Schmidit (1996) use young and old age dependency rates to model
age structure, Higgins (1998) dlows the size of each 5-year age cohort to have an effect,
though he constrains these effects to lie on a cubic function for estimation purposes. We
find that using dependency rates fits the data better than a cubic in age and hasthe
advantage of being much easier to interpret.

Third, while we might expect savings rates to rise with longevity, they may be
important nonlinearities in the relationship. We investigate these by dlowing for a
nonlinear functiond form and by a separating life expectancy into discreet (5-year) bands
and edimating the effect on savings of moving between bands. We find that savings
increases sharply with life expectancy up to about age 65 but then the effect leves off.

Fourth, the savings decision is affected by a number of additiona factors that we
have not yet discussed. Savings rates may depend on the leve of income aswell asthe
rate of income growth. Mandatory pay-as-you-go pension schemes mean that
consumption in retirement may be financed by transfers from the young, reducing the
need for life-cyde savings. Asincomes rise and family Sze declines there may be less
dependency on family support for old age and more use of savings. To account for these
factors we include arange of additiond variables and use fixed effects to control for
ingtitutiona and culturd differences across countries. One important finding is thet life



cycle savings behavior is more pronounced in richer countries, suggesting that in low
income countries family support mechanisms do indeed seem to sgnificantly reduce the
need for savings.

Finaly, we address the issue of reverse causdity. In particular, when we include
the level of income, or the growth rate of income, in a saving equation thereis an obvious
potential for afeedback effect. We therefore use an instrumental variables approach to
control for this feedback. In addition, whileit isless clear thet that there is a feedback
from savings to longevity, we aso provide instrumentd variable estimates in this case.
Our results are robugt to controlling for reverse causdity in thisway.

Our results agree with the ideas in Lee, Mason and Miller (1998); increasesin life
expectancy play alargerolein savings behavior and in particular they explain the
observed surge in savings in East Asa While increases in longevity may increase the
savingsrate a every age, the effect on aggregate savingsis trangtory. Increasesin
longevity imply that the stable age structure has amore aged population and in the long
run higher age specific saving rates are offset by grester numbers of the ederly who are
dissaving. The effects of increasesin life expectancy in East Asa on saving may be very
great, but our theory suggests thet they will dissipate as the population ages.

Thelife cycle theory of saving predicts thet in a stable population, with no
economic growth, net saving will be zero. This suggests that modd s that include age
gructure effects, but not longevity, are misspecified. High rates of old age “ dependency”
need not reduce saving if they are associated with increasing life expectancy and are
matched by the saving of the young for their retirement. According to our theory, only
age dructures that are in disequilibrium, given current life expectancy, will affect
aggregate savings, but standard models of age structure effects do not distinguish
between stable populations and disequilibrium age structures. The fact that many
countries have close to stable populations tends to drive the age structure effects in these
models towards zero. Adding longevity to the relationship dlows us to uncover the large
effects on savings rates that occur when the age structures change a agiven life
expectancy (e.g. due to changesin fertility) and when hedth improves and life
expectancy rises for a given population age structure.

To sum up, an extension of thelife cycle modd to incorporate the effects of
changes in longevity on savings behavior can generate the type of across the board
increases in savings rates observed in East Asiain the 1960s and 1970s (and may suggest
the effects of HIV/AID induced fdls in longevity on savingsin Sub- Saharan Africa). Our
empirica results, which control for smultaneity and country specific effects, broadly
support our theory that longevity isimportant for savings.

2. Theory
We assume agents maximize their utility over their lifetime, choosing how much to work
and how much to consume and investigate how changing life expectancy affects their
choice. We follow Médtzer (1995) and Bils and Klenow (2000), who study investmentsin
education, and assume that agents have aknown lifetime, T. For smplicity we assume
that longevity is fixed exogenoudy, ignoring the possibility that it is linked to
consumption and spending on health care (e.g. see Phillipson and Becker (1998) for an
andyssthat alows hedth status and longevity to be endogenous). We aso ignore any



effects of uncertainty about the timing of death, effects that may be important (e.g. see
Leung (1994)). Agents seek to maximize lifetime utility given by

T
O ‘U, 1, h)dt (2.1)
0

where c is consumption, /isleisure, hishedth, and d istheir discount rate and the index
tisage. We assumethat the time path of hedlth is exogenoudy fixed. Agents choice
their leisure and consumption paths subject to the condraints

c,®0 13730 WwW,20 (22
where the stock of wedlth, W, evolves according to

aw
—t’ =W, +(L- I)w, - ¢, (2.3)

We assume that the time path of wages, w, the interest rate, r, and the initial stock of
wedth, W, are fixed exogenoudy. Equation (2.3) gives the savings (the addition to
wesdlth) of the agent.

Assuming that the ingantaneous utility function U isincreasing and concavein
each argument, it is Sraightforward to show (by forming the Hamiltonian and applying
the maximum principle, eg. see Berck and Sydaeter (1992)) that the optima path of
consumption and leisure satisfies

dc,
A =r-d (2.4)
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dl; dey dl; dc; dl; dey
Consumption grows at the rate r - d while agents work up to the point where they are
margind utility of extraleisure equasthe margind utility of the consumption goods they
could purchase if they worked. Retirement occurs (/ = 1) when the margind utility of
leisure, even with no work, exceeds the margind utility of the consumption timesthe

wagerate. Let usdenote the optima plan by (c: , l; ) which produces the time path of

net weslth holdings 17, .

Asit stands, the model does not imply that people ever retire. For retirement to
take place we need the wage rate to decline over time, or the utility of leisuretorise. For
exampleif hedth declines over time, it may lower productivity and wages and, in
addition, if hedth and leisure are complements (so that lowering hedth raises the
disutility of working) it may increase the margind utility of leisure.

The key idea of the life cycle modd isthat people save for retirement.



Assumption 1: Given W, = 0 the optimd path (for any T) has W, 3 0,fordl O£t £T .

Thisimplies that people never go into debt to finance consumption. Sufficient conditions
to ensure thisare quite easy to find. For example, if the wage rate fdls over time, while
the margind utility of leisure increases, the work and earnings will be concentrated in the
early part of life. Provided r is large enough, so that consumption islevel or skewed
towards the end of life, this concentration of earnings when young, and the need for
consumption when old, will ensure positive wedth holdings a al times. Rather than
impaose conditions on the utility function and wage profile that ensure people save for
retirement, it seems easier to assume 1 directly.

We aso assume

Assumption 2: Both consumption and leisure are normd goods, that is
de;, 0 dl,

30,fordl OE¢ET.
dwy dWy

We assume thet an increasein initia wedlth increases consumption and leisure a all

times. The aternative would be that an increase in wedlth causes people to decrease their
hours of work to such an extent that their optima consumption fdls, or they increase
consumption to such an extent that their leisuretime fals. While these outcomes are

possible they seem unlikely. Note that we define norma good with respect to initial

wedth, which is exogenous,; income depends on labor supply and is endogenous. Now
consider what happens to the agents optima plan when we increase longevity, keeping
everything esethe same. We are particularly interested in the savings rate defined as

s :M, where y, =rW, +(1- I )w, (2.7)

Vi

Propostion 1: Let W = 0. Under assumptions 1 and 2 an increase in longevity increases
the savingsrate a every age.

proof: Let (c,, I, ) betheoriginal optimal plan for life expectancy Tand let (¢, , I, )
be the new optima plan when life expectancy rises. By assumption 1, wedth at time T in

the new optima plan is non-negative, that is W;* 3 0. Now let us keep behavior after T

fixed and redtrict out atention to thetime interva [0, T]. Since the new optimd plan
cannot be improved upon it maximizes
T

O “Ule,,1,,h,)dt
0

subject to
¢ 30 13,30, Wwr3 W{f*

wherewe dlow for free disposa of wedlth. But thisis the same problem, and has the
same solution, as maximizing over [0, T] subject to



¢, 30, 131,30, Wy 30

butwith Wy =- Wy ¢ "1 . Thisisthe origina problem of maximizing over [0, T] but
with lower initid wedth. By assumption 2, it followsthat on [0, T] we have

c:* £ c:,l;* £ l:. Using equation (2.7) it is easy to show that he savingsrate is
increasing iny and decreasing in c; it follows immediately thet s; 3 s¢. At each point in
time, wage income under the new plan is higher and consumption is lower than before.
By equation (2.3) wedlth accumul ates more quickly under the new plan, and astime
passes this effect is compounded by interest payments on the rising stock of wedlth. It
followsthat a every point in time income under the new plan is higher, and consumption
islower, giving a higher savings rate.

Therisein savingsrates & every age is congstent with the evidecne on hosuehold
consumption in Thailand and Taiwan where the boom in savings was caused by an
upward shift of the whole age specific saving rate schedule.

Proposition 1 dedls with a pure increase in longevity, with no increase in hedlth
dtatus as people age. In practice, increasesin longevity will be associated with better
overdl hedth and empirica regressons will pick up both effects if we do not control for
morbidity separately.

Suppose that longevity increasesfrom Tto 7¢=1 T but a the same time hedth
gatus improves by ddlaying the onset of the effects of aging proportionately. This
implies productivity and hedlth status stay higher longer and we have wit, = w;,ht, = h, .
with these hedth improvements agents maximize

T¢
& U, 1, hdt (2.8)
0
subject to
¢ 30, 130,20, Wye? O —L=rl¥, +(L- [ - ¢, (2.9)

By asmple change of variable (z =¢/1 ,K, =W, /1 ) we can show thét thisis
equivaent to choodng the time paths ¢ and | so asto maximize

T
Loy " FUe, 1, h)dz (210)

subject to

dK
dZ =K, +@Q-1,)w, - c, (2.11)
z

¢,30, 131,30, K;30,

Itiseasy to seethat if » =d = 0 the new maximization problemisidentica to the origina
problem except that the objective function is multiplied byl ; this has the same solution
asthe origind problem. This meansthat the optima decisonsat time | ¢ inthe new
problem are the same asthose a timet originaly. For example, if agentssave a a



condant rate until retirement, the effect of increasing longevity and hedlth together is that
they extend their working life proportionately and save at exactly the same rate as
before. Note however, that this proportiondity result in (2.10) and (2.11) depends on the
interest rate and the rate of time preference being zero; if these are pogtive the longer
time horizon in itsdf can have red effects on saving, though the direction of these effects
is ambiguous.

Our smple theory suggests that the pure effect of greater longevity isto increase
savings rates but thet if the increased longevity is associated with better hedth when old,
and in particular higher productivity and lower disutility of work than before, the effect is
ambiguous.

3. Data
There are severd conceptualy different measures of aggregate savings.
We dart with the following identity:

Y =C+1+G+(X-M) (3.2)

WhereY is GDP, C is private consumption, | is grossinvestment (private plus public), G
is government consumption, and (X-M) is net exports (the trade balance). Gross
domestic savingsis the sum of public and private savings. Letting T be tax revenues, T-G
is public savingswhile Y-C-T is private savings. Thus,

GDS =Y -C—-G =1+(X-M) (32

so that GDS equds gross investment plus net acquistion of foreign assets. The gross
domedtic savingsrate isGDS/Y .

One source for GDS isthe World Bank’s World Development Indicators 1999,
which includes annual data from 1960 to 1997. Alternatively, GDS, can be cdculated via
the first identity in (3.2) using data on GDP, private consumption, and government
consumption contained in the Penn World Tables (verson 5.6) which includes annud
data from 1950 to 1992. A mgjor difference between these two sources is that the World
Bank nationa income accounts arein loca prices, while the Penn World Tables gives
volume figures for each component of nationd income a internationd prices. If Al
countries had the same relative prices, thiswould not matter. However, in poorer
countries the relative price of consumption goodsis lower than the world average while
investment goods are more expensve. Thismeansthat in red terms, in congtant
international dollars, poorer countries have rdatively more consumption, and less
investment and hence alower saving rate (often only haf as much) than a locd prices.

In an internationd study it is often appropriate to measure dl quantitiesin red
terms using world prices; in this case income and savings would be measured in smilar
units across countries. However, it is not clear that this procedure is appropriate for the
savings rate. Since the savingsrate is aratio, comparing this across countries raises no
fundamental problem. The advantage of using internationd pricesisthat if the actua
goods consumed and physica investments made are identica in two countries, they will
have the same savings rate; calculated at locd prices the two savings rates can be quite
different despite actud behavior being identical. The advantage of using locd pricesis



that then savings actualy measure consumption forgone; using “red” savingswe
measure how much extra consumption could have been purchased as world prices, but
this may not be the relevant & the nationd level. Since both measures have advantages
we use both in turn as our dependent variable and compare the results.

Gross domestic income only measures the vaue of income generated by
economic activity within acountry. People living within a country will also receive
income from their ownership of foreign assets and may receive trandfer payments from
abroad. Gross national product is given by GNP =Y + NFI, where NFl is net factor
income from abroad, plusinternationd transfers (e.g., net foreign ad inflows and net
remittance inflows from overseas workers). Thisyields gross nationd savings.

GNS=Y + NFl —C -G = GDS + NFI (33)

The gross nationd savings rate is GNS/GNP. Conceptudly, gross nationd savingsisa
superior measure to gross domestic savings because it reflects total income, independent
of its source. Data on gross nationd savings are available from World Development
Indicators 1999, but only from 1970 onwards In addition to the World Bank’ s reported
gross nationd savings rates, we can caculate gross nationd savings from 1960 to 1997
using income, savings, and data on net factor income from abroad contained in the WDI.
The drawback of this method is that it excludes internationd transfer payments.

This gives us four measures of the savings rate that we employ; GDS at loca and
internationa prices, GNS properly measured from 1970 and a GNS measure that
excludes internationd transfer payments, from 1960. Savings are quite volatile year to
year and we average over successve five-year intervals to smooth out business cycle
effects.

These measures of GDS and GNP are gross measures. Conceptually, a net
measure, subtracting from both income and gross investment an alowance for the
depreciation of capitd issuperior. In addition, income from the depletion of naturd
resources actually involves a running down of capital stocks and represents dissaving.
Findly, income should include capital gains on a country’s stock of physica capitd,
oversess assets, and natural resources. However the lack of suitable data means we are
limited to our imperfect gross savings measures.

When we measure aggregate savings we have not only household saving but dso
government savings as well as he profit retention by the corporate sector. However, these
additiond forms of saving will not affect total saving if households, who are their
ultimate owners, count these forms of saving as part of their own.

In our analysis we exclude socidist countries snce there is no reason their
behavior should fit the optimizing life cycde modd. We dso exclude countries with
population less than 1 million because their data tend to be unreliable and mgor oil
producers because we don't take account of capita gains caused by changesin ail prices.

Table 1 lays out the definitions and sources and coverage of the savings rate data
used in thisstudy. Table 2 provides Smple descriptive satistics on the different savings
rate variables. The means, sandard deviations, and maxima are reasonably comparable
across measures. In table 3 we report the correlation between the different savings rate
measures. In some cases, these correlations are Sgnificantly less than unity, suggesting
that the choice of savings rate may be consequentia with respect to empirica results.



Table 4 gives some smple descriptive gatigtics on the explanatory variables we use.
Demographic data on life expectancy and age structure comes from the United Nations
(1998). Red income per capita, the GDP deflator and are taken from the Penn World
Tables (5.6), which are described in Summers and Heston (1991). Data on the
geographica variables we use asingruments are from Galup, Mdlinger and Sachs
(1998).

4. Explaining Aggregate Savings
The average savings rate can be written as the sum of the savings rate of the different age
groups in a population weighted by their income shares. That is, the average savings rate
is

- ¢ Y & >y,

s=g s, —=q 5. —= 4.1

asyanps @D

where 5 isthe savingsrate of age group i and Y;/Y isits share of totd income. A groups
share of income can be further decomposed into its share of total population, B/P, and
the average income of its members as a proportion on the average income of the

population, y. / ; . Thisimplies that the age structure of the population matters. In

addition, to the extent that growth changes the distribution of income between cohorts it
will affect the saving rate. Thiseffect islikely to go in different directions for different
cohorts, implying that the growth rate effect enters interactively with the age structure.
On the other hand, by proposition 1, the effect on increased longevity isto raise the
savings rate of every age group, which suggests that we can smply add some function of
life expectancy to the relaionship.

In table 5 we report of Smple regressions where we explain the gross domestic
savings rate (at local prices) averaged over afive year period, using economic growth
over the previous ten years, and life expectancy and some age Structure variables,
measured a the beginning of the period. That is, we measure the age structure effectsin
(4.2) directly, while the distribution of average income between cohorts depends on the
growth rate and the age specific savings rate depends on life expectancy (which proxies
both for longevity and overdl hedth status). Our theoretica modd in section 2 dso
suggeststhat the red interest rate should play arole. However, empirical work seldom
findsany effect of interest rates on savings (eg. Higgins (1998)), and for smplicity we
excludeit.

Column (1) of table 5 reports aregression including life expectancy the growth
rate on income, and 17 population age groups (by 5-year intervas from zero to 84). Both
life expectancy and economic growth gppear to have postive, and Satigticaly significant
effects on the average saving rate.  While we do not report the individua cohort effects,
we can regject the hypothesis that they are dl zero (the F test at the bottom of column (2)).
While the age structure matters, for tractability we want to compress the age structure
effectsinto asmaller number of parameters. In column (3) we estimate aretricted
modd, where the coefficients on age Structure are congtrained to lie on a cubic equation
(i.e. the coefficient on the population share of cohort i, . say, can be written as

f =a, +a,i+a,i’ +a,i’) with the addition of astep function, with steps at ages 20 and

60. This encompasses the dependency approach used, for example, by Kedley and
Schmidt (1996) and the flexible function gpproach used by Higgins (1998).
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Experimentation showed that splits at 20 and 60 performed better than the conventiona
dependency rate taken as 0-14 and 65+. In addition, adding afurther step at 40 did not
sgnificantly improve thefit of the step function approach.

The only age Structure effect that is satisticaly sgnificant in regresson (2) isthe
youth dependency rate. However, atest of the restrictionsimplied on the age structure
effects when use the cubic functiona form, plus the dependency rate approach, does not
regject these redtrictions (the F test at the bottom of column (2)). It follows that the data
accept these restrictions and we can reduce the number of age effect parametersto be
estimated.

We can go further and test if both the cubic functiona form and the dependency
rate step function are required. Column (3) report amode where the age structure effects
are modeled as lying on a cubic function done. Now both the linear and squared term
become datisticaly sgnificant. The age effects are close to an inverse U, with young and
old cohorts depressing savings and the middle age groups increasing the savings rate.
However an F test that we can set the dependency rate parameters to zero (bottom of
column (3)) isrgected. It appears therefore that the combined modd fits the data better
than the cubic function aone.

In column (4) we estimate the relationship alowing only dependency rate effects
of age dtructure. Wefind that the presence of large proportions of elderly or young
people in the population depresses the savings rate, with effect of the old being
particularly large. Now, however, we cannot rgject the exclusion of the cubic age effects
(F test at the bottom of column (4)). It follows that the age structure effects can be
modeled adequately by the effects of the dependency rates, and we do not require come
complex age structure effects.

In table 6 we repeat the andysis carried out in table 5 but add fixed effects to
capture any country specific effects that may effect savingsrates. Despite the addition of
fixed effect, the resultsin table 6 are remarkably smilar to those found in table 5. Again
life expectancy has a pogitive and sgnificant effect, with atenyear increase in longevity
being associated with arise in savings rates of about 4.5 percentage points. 1n addition,
our tests on how to modd the age structure effects follow a similar pattern to thosein
table 5. The data accepts the smplification of the age structure effects to the
encompassing model and then to the dependency rate modd, but not to the cubic
functional form. We take the mode with dependency rate effects as our base modd and
our starting point for further investigations.

So far we have assumed that the age Structure effect islinear, but thereisno
reason for thisto be so. For exampleif retirement is mandatory, or conventiond, at 65
we might expect life expectancy in excess of 65 to have a greater impact on savings than
life expectancy increases before 65. In column (1) of table 7 we add two life expectancy
variables, life expectancy itself and life expectancy when it is greater or equa to 65. We
find that the coefficient on life expectancy in excess of 65 is negetive, though not
sgnificant. Thissuggest that, if anything, increasing life expectancy past 65 hasless
impact on the saving rate than increases when below 65. In column (2) of table 7 we
repeet the estimation with fixed effects. In this case the post 65 variable has a coefficient
closeto zero. We dso tried using alife expectancy squared term and found asimilar
paitern of falling impact of increasing in life expectancy as life expectancy rises.
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In column (3) of table 7 we report the result of grouping life expectancy into five
year intervals and estimating separately the impact of each life expectancy grouping on
the savings rate. The estimated coefficients are graphed as a function of life expectancy
infigure 1. We can see apattern of savings rising rapidly with life expectancy up to
about 65, but then being fairly flat. The result remains very smilar when we add fixed
effectsin regression (4).

While these result does not contradict our theory, it isalittle surprisng. This
result suggests that the response of savings to life expectancy may be quite complex.
Life expectancy may be having an effect on savings rate, in addition to the longevity
effect, though changesin uncertainty, or associated changesin morbidity. For example,
if people are uncertain sto when they will die, life span, and the longest life actudly
achievable (rather then average lifetimes) may be more important. The results also
suggest that the largest impact of increases in longevity on savings rates may occur early
in the development process when life expectancy islow.

In table 8 we test the robustness of the mode by adding a number of additiond
control variables. Firgt of dl, inregresson (1), we add the interactive terms between
economic growth and the dependency rates that are implies by “growth tilting.” Both
interactive terms are negative and significant, implying that the impact of economic
growth on the savings rate is highest when there is alarge working age share in the
population. In column (2) of table 8 we add the log of income per capita (in purchasing
power parity terms). Anincrease in income per capitawill usudly be associated with an
increase in the wage rate. Thiswill have both an income and subdtitution effect on the
demand for leisure and the retirement age.  For example, if the income effect dominates,
people will want more leisure and will retire earlier and have to save more for retirement.
On the other hand, if the subgtitution effect dominates higher wages may induce people to
work for longer, reducing the need for retirement income and savings. We find that
savings rise with the level of income per capita, and the estimate of the effect of life
expectancy on savings, though il gatisticaly sgnificant, is somewhat reduced.

In column (3) we add liquid liahilities as a percentage of GDP and the rate of
inflation as explanatory varidbles. Theratio of liquid liabilitiesto GDP is a measure of
the relative Sze of the financid system and may indicate opportunities for saving. While
we have not included the redl interest rate, periods of high inflation may be associated
with avery negative red rate of interest, and aflight from financid assets (and a
reduction in the opportunity to save). However, in practice neither of these variables
seemsto play asgnificant role in determining savings behavior.

In column (2) of table 8 we added log income per capita. In column (4) we add
income per capitainteractively with the life cycle modd. Life cyde saving is multiplied
by

1+ blog—— (4.2)

Ymax

Wherey isincome per capitaand y IS the highest income per capitain the
sample. The postiveesimateof b suggeststhat life cyde saving is moreimportant in

richer country, perhaps because in poorer countries there is greater reliance of family
support structures.



A serious problem with the results in table (8) is the potent for reverse causation
from savings rate to the level of income and the growth rate of income. For example, in
many growth studies, the savings rate is key variable that affects the pace of economic
growth and the steady State level of income. Despite the fact that we measure income at
the start of the five year period over which we average the savings rate, and income
growth is measured over the previous ten years, there is ill the problem that the savings
rate may be correlated over time o that it can be correlated with lagged income, and
lagged growth, purdly though a reverse feedback effect. In addition, if there is a feedback
from savings to income, there is dso, potentialy at least, afeedback from income to
hedth, implying that higher savings may be giving rise to higher life expectancy.

Toded with thisissue we use an instrumentd variable gpproach. The results are
reported in table (9). The instruments we use are latitude, percentage of land areawithin
100km of the coast or a mgor waterway, and percentage of land areain the tropics.
Gadlup, Sachs and Médlinger (1999) have argued that these geographical factors are mgjor
forcesin determining both the level of income and the rate of growth. In addition, Bloom
and Sachs (1998) argue that tropical location is ameasure contributory factor inill health
and premature degth. These variables are good instruments in the sense that they predict
both income level and life expectancy quite well, and it is difficult to see how they could
affect savings directly, rather than through their effect on income and hedlth'.

In column (1) of table 9 we report our Smple regression but ingrument the
growth rate of income per capita. When we instrument the growth rate of income it
changes 9gn, from a positive effect to a negetive effect. In column (2) we instrument
both the growth rate of income and the leve of life expectancy. While the coefficient on
growth is till negative the coefficient on life expectancy stays positive and sgnificant.

In column (3) we again instrument income growth but dlow for interactive effects and
“growth tilting.” The results are now morein line with theory; economic growth
increases the savings rate particularly when we have alarge working age share in the
population. 1n column (4) we add the level of income per capitato the regression, but
ingrument it (and the growth rate of income). Income per capita no longer has a
sgnificant impact on the savings rate when we indrument it. The same holdstruein
column (5) of table 9 where we interact the leve of income with the life-cycle savings
mode, usng the multiplier givenin (4.2). Again the effect of the leve of income on the
savings rate is not sgnificant when it isinsrumented. These results suggest that while
the effect of life expectancy on the savings rate and the growth tilting effect are robugt to
using instruments the effects of the level of income on saving are not robust.

Throughout the andysis we have used gross domestic savings (at loca prices) as
our savings measure. In table 10 we report the coefficients on life expectancy we obtain
be replicating our andyss usng different measures of the savingsrate. In each case the
regressions include income growth and the youth and old age dependency rates aswell as
aset of time dummies. Column (1) of table 10 reports OL S results while column (2)
includes fixed effect and column (3) instruments the growth rate of income. For dl for
savings measures, both the OLS and instrumentd variable regressons give coefficients
on life expectancy that are positive and satisticaly sgnificant. However, the fixed

! Geography might affect the marginal product of capital, and the equilibrium interest rate, and so have an
effect on the savingsrate. However, it seems much more likely that the stock of capital will adjust to
equalize its marginal productivity across geographical zones.
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effects regressons only find satisticaly sgnificant results for life expectancy when we
use the gross domestic saving rate at local prices and our constructed measure of gross
nationd savings. Using gross domestic savings at world prices or the World Bank’s
measure of gross nationd savings, life expectancy losses its sgnificance with fixed
effects.

We interpret this as evidence that generd favors the idea that increasesin
longevity raises savingsrates. The failure of life expectancy when we include fixed
effects could be due to the fact that while there are large differences is life expectancy
across countries, al countries have experienced substantia improvementsin longevity
over the last 40 years. It follows that once we include fixed effects and time dummies,
mogt of the variation in life expectancy is aready accounted for.

Our mode predicts aboost to saving when life expectancy increases, but this
boost istemporary and is off set by arising old age dependency rate as people age.
Figure 2 shows the relationship between life expectancy and the youth and old age
dependency ratesin 1990. Aswe would expect, higher life expectancy is associated with
higher old age dependency. However, it is so associated with a much lower youth
dependency rate. To some extent thisisthe result of greater surviva into older age
groups, but it isaso areflection of the low fertility rates that are prevent when life
expectancy ishigh. The modd predicts aboom in savigns during the demographic
trangtion when life expectacny rises but old age

In figure 3 we plot actual and predicted savings rates for our cross section of
countries in 1990, based on the resultsin regression (3) of table 9. Thisdlows for life
expectancy, age structure, and growth tilting effects as well as worldwide time dummies.
It does not include fixed effects, so the model has to predict the average level of the
savings rate aswell as how it changes over time. The modd seems to perform fairly well,
even without fixed effects, and picks up the outlying savings rates.

We now investigate how good the mode is at picking up the time path of savings.
In figure 4 we plot the actua and predicted savings rates for a number of countries, agan
based on regression (3) of table 9. The model seems do perform fairly well in picking up
both the level and time trends of the savings rate in the high savings rate East Asia
economies. Hong Kong, Japan, Thailand, South Korea, and Singapore. Rising life
expectancy and faling youth dependency rates combine to give arisng predicted savings
rate in Singapore and South Korea and to a lesser extent in Thailand. On the other hand,
both Hong Kong and Japan saw subtantia increasesin the old age dependrcy rate after
1980, which stabdized predicted savings in Hong Kong and actudly leadsto afdl in
predicted savings in Japan.

We dso look a Uganda, which is interesting contrast because its life expectancy,
after riang dowly, fel sharly after1980, and by 1990 was only 41. Over the same period
its youth dependency rate was stable a around 50% while the number of old age
dependents was negligable. Aswe can see our predicted savings rate aso fals sharply
after 1980. While actud savings follow the predicted pattern, they fal somewhat before
we predict the decline to take place. For the USA, as for many developed countries, a
dow risein life expectacny and decline in youth dependency over the period is offset by
risng old age dependncy, giving afairly stable level of predicted savings. While the
actual savingsrate in the USA was stable over the period it was about 5 percentage points
lowerthan our prediction.
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Table 1

Definitions and Sources of Savings Rete Data

Savings Rate | Definition Years Source
Vaidble Covered
GDSy Gross domedtic savingsrate (in 1960-97 | World Bank, World
congtant locd currency units) annud Development Indicators 1999
GDSr Gross domedtic savingsrate (in 1950-92 | Penn World Tables, Verson 5.6
1985 congant international dollars) annua
GNS Gross ndtiona savingsrate (in 1970-97 | World Bank, World
congtant locdl currency units) annua Development Indicators 1999
GNS; Gross nationd savings rate 1960-97 | World Bank, World
excuding internationd trandfer annua Development Indicators 1999

payments (in constant local currency
units)
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Table 2

Descriptive Statigtics on Savings Rate Data

Savings Rate
Vaidde
(No. of countries)

Mean

Standard
Deviation

Maximum

Minimum

GDSy
68 countries
410 obsarvations

17.6

9.45

46.8

-14.4

GDSRr
76 countries
480 obsarvations

14.9

10.1

49.7

-14.9

GNS
68 countries
300 obsarvations

18.7

8.3

60.3

-18.7

GNS;
69 countries
413 obsarvations

159

10.1

47.1

-15.8
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Table 3

Corrdation Matrix of Savings Rates
GDSn GDSr GNS GNS;
GDSy 1.0
GDSr 0.82 1.0
GNS 0.74 0.60 1.0
GNS; 0.97 0.82 0.79 1.0
Notes:

1. Table 1 laysout the definitions and sources and coverage of the savings rate data used
in this sudy.

2. Table 2 provides smple descriptive statistics on the different savings rate variables.
The means, sandard deviations, and maxima are reasonably comparable across
measures.

Table 3 reports correlations between the different savings rate measures. In some cases,

these corrdations are sgnificantly less then unity, suggesting that the choice of savings
rate may be consequentid with respect to empirica results.
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Table 4

Descriptive Statistics on Selected Regressors

Vaidde Mean Standard Maximum Minimum
Deviation

Life expectancy 62.7 111 79.5 22.6
(inyears)
Y outh share (population aged 0-19 0.46 0.11 0.61 0.23
as share of tota population)
Elderly share (population aged 60+ 0.09 0.05 0.24 0.04
as share of total population)
Log income per capita (PPP) 7.90 1.01 9.78 5.96
Liquid lidhilities as percentage of 39.9 24.1 1714 9.35
GDP
Rate of inflation (five-year average 15.7 26.2 215.1 -2.79
based on GDP deflator; in percent)
Annud average growth rate of 1.97 2.30 9.45 -4.16
income per capita (PPP) over
previous decade (in percent)




Table 5

Effects of Longevity on Savings, OLS Eslimates
(Dependent variable: gross domestic savings rate)

Specification
Vaidde (@) 2 (3) 4
Life expectancy 0.339* 0.348* 0.282* 0.365*
(0.082) (0.076) (0.073) (0.057)

Growth rate of income per 0.913* 0.932* 0.928* 0.948*
capitaduring preceding (0.198) (0.297) (0.199) (0.202)
decade
Y outh share of population -159.6* -80.40*

(53.63) (11.22)
Elderly share of population -129.1 -155.1*

(124.2) (18.66)
Ageeffect: linear term 13.61 62.22*

(27.56) (21.35)
Age effect: square term -4.637 -6.489*

(3.363) (3.168)
Age effect: cubic term 0.228 0.173

(0.1248) (0.129)
I ntercept -14.09 58.86 -13.60* 42.63*

(7.452) (39.37) (6.758) (8.743)

Country fixed effects No No No No
Time dummies Yes Yes Yes Yes
Age dummies Yes No No No
R-squared 0.539 0.534 0.521 0.526

23




Null hypothess

F satistic (df)

age effects
jointly zero

4.37*
F(17,385)

age effects
captured by
polynomia
and
dependency
variables

0.34
F(12,385)

dependency

variablescan

be excluded
from (2)

5.66*
F(2,396)

polynomid
can be
excluded from

)

2.17
F(3,396)

Notes: All of the estimatesin this table are based on an unbaanced pand of quinquennia
data for 68 countries during the years 1960 to 1994 (410 observations).

Heteroskedadticity-consistent standard errors are reported in parentheses below
coefficient estimates. * denotes significance a the 5 percent leve for atwo tall test.
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Effects of Longevity on Savings, OL S Estimates with Country Fixed Effects
(Dependent variable: gross domestic savings rate)

Table 6

Specification
Vaidde (@) 2 (3) 4
Life expectancy 0.462* 0.455* 0.410* 0.459*
(0.088) (0.087) (0.093) (0.099)

Growth rate of income per 0.713* 0.717* 0.716* 0.735*
capitaduring preceding (0.130) (0.126) (0.125) (0.141)
decade
Y outh share of population -80.41* -89.48*

(28.38) (11.07)
Elderly share of population -48.58 -153.0*

(59.16) (22.44)
Ageeffect: linear term 13.28 33.72*

(16.45) (14.25)
Age effect: square term -1.234 -1.409

(2.223) (2.260)
Age effect: cubic term 0.006 -0.049

(0.096) (0.097)
Country fixed effects Yes Yes Yes Yes
Time dummies Yes Yes Yes Yes
Age dummies Yes No No No
R-squared 0.886 0.883 0.880 0.882
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Null hypothess age effects are ageeffects | dependency polynomid
jointly zero captured by | varigblescan can be
polynomid be excluded excuded from
and from (2) (2
dependency
variables
F getigtic (df) 5.39* 0.70 3.34* 0.80
F(17,316) F(12,316) F(2,327) F(3,327)

Notes: All of the estimatesin this table are based on an unbaanced pand of quinquennia

datafor 68 countries during the years 1960 to 1994 (410 observations).
Heteroskedadticity-consistent standard errors are reported in parentheses below
coefficient estimates. * denotes significance a the 5 percent leve for atwo tall test.
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Table 7

OL S Estimates of Longevity on Savings: Nonlinear Specifications

(Dependent variable: gross domestic savings rate)

Specification
Vaidde @ @ (©) &
Life expectancy 0.437* 0.447*
(0.073) (0.092)
Life expectancy, if greater than or -0.035 0.007
equal to 65 (0.020) (0.016)
Life expectancy 35-40 3732 4.180
(2579 (4.204)
Life expectancy 40-45 10.06* 8.217*
(1.582) (2.023)
Life expectancy 45-50 16.44* 11.72*
(1552 (1.274)
Life expectancy 50-55 19.38* 11.59*
(1.211) (1632
Life expectancy 55-60 20.84* 13.76*
(1.176) (1L.764)
Life expectancy 60-65 19.77* 14.17*
(1.308) (1.999)
Life expectancy 65-70 21.58* 15.98*
(1313 (2.317)
Life expectancy 70-75 21.52* 16.66*
1772 (2.590)
Life expectancy 75-80 21.74* 15.92*
(1.958) (2.919)
Growth rate of income per capita 0.942* 0.733* 0.946* 0.651*
during preceding decade (0.204) (0.240) (0.204) (0.148)
Y outh share of population -84.76* -87.58* -95,08* -97.66*
(11.59) (1252 (1151) (13.38)
Elderly share of population -156.6* -149.6* -155.1* -148.5%
(18.68) (1252 (19.08) (27.20)
I ntercept 41.62* -- 52.97* -
(8.776) (7.362)
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Country fixed effects No Yes No Yes
Time dummies Yes Yes Yes Yes
R-squared 0.530 0.882 054 0.834

Notes: All of the estimatesin this table are based on an unbalanced panel of quinquennial datafor 68
countries during the years 1960 to 1994 (410 observations). Heteroskedasticity-consistent standard errors
are reported in parentheses bel ow coefficient estimates. * denotes significance at the 5 percent level for a

two tail test.
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Table 8

Growth Tilting, Income Effects, and Robustness Checks
(Dependent variable: gross domestic savings rate)

Specification
Vaidde ) @ (©) &
Life expectancy 0.369* 0.192* 0.183* 0.349*
(0.059) (0.083) (0.188) (0.075)
Growth rate of income per capita 6.735* 0.889* 0.879* 1.091*
during preceding decade (2.027) (0.201) (0.229) (0.249
Y outh share of population -52.08* -71.32* -69.85 -84.47*
(14.19) (11.73) (13.88) (12.7y
Elderly share of population -90.14* -1590.5* -159.9* -178.3*
(25.99) (18.69) (21.74) (2111
Y outh share x Income growth -8.768*
(3.320)
Elderly share x Income growth -20.79*
(7.050)
Log GDP per capita (PPP) 3.158* 3.34*
(0.955) (1.025)
Liquid liabilities as a percent of 0.008
GDP (0.030)
Rate of inflation 0971
(1.183)
Beta (effect of income on the 0.085*
strength of thelife cycle model) (0.034)
Intercept 23.49* 24.98* 297" 50.03*
(10.69) (10.13) (1129 (1052)
R-squared 0.534 0.541 0.527 0.530

Notes: All of the estimatesin this table are based on an unbalanced panel of quinquennial datafor 68
countries during the years 1960 to 1994 (410 observations), exept for column (3) which is based on 66
countries during 1965-94 (365 observations). Heteroskedasti city-consistent standard errors are reported in
parentheses below coefficient estimates. * denotes significance at the 5 percent level for atwo tail test.
Betaisthe coefficient in the interaction term (1 + Betalog(GDP/max(GDP)) that is multiplied by the rest

of the reported model.

29




The Effect of Longevity on Savings: Instrumental V ariables Estimates

Table 9

(Dependent variable: gross domestic savings rate)

Specification
(Variables Instrumented)
@ @ (©) 4 ©)
(Income (Income (Income (Income (Income
growth) growth, life growth) growth, growth,
expectancy) income level) income level)
Variables
Life expectancy 0.598* 0.460* 0.637* 1.058* 0.631*
(0.076) (0.126) (0.091) (0.426) (0.275)
Growth rate of income per capita -1.405* -1.283* 12.49* -1.594* -1.458*
during preceding decade (0.563) (0.544) (3.752) (0.692) (0.630)
Y outh share of population -111.6* -119.5* -3843 -138.5* -114.8*
(15.83) (16.43) (23.97) (32.74) (2091
Elderly share of population -223.9* -219.5* -82.89 -222.8* -237.7*
(29.03) (2851) (44.99) (3357) (73.15)
Y outh share x Income growth -22.32*
(6.57)
Elderly share x Income growth -42.75%
(13.39)
Log GDP per capita (PPP) -7.804
(7.065)
Beta (effect of income on the 0.039
strength of the life cycle model) (0.1949)
Intercept 49.26* 61.23* -0.106 93.80* 50.76*
(10.76) (13.80) (18.18) (44.09) (1343)
R-squared 0.349 0.349 0.338 0.229 0.360

Notes: All of the estimatesin this table are based on an unbalanced panel of quinquennial datafor 68
countries during the years 1960 to 1994 (410 observations), exept for column (3) which is based on 66
countries during 1965-94 (365 observations). Heteroskedasticity-consistent standard errors are reported in
parentheses bel ow coefficient estimates. * denotes significance at the 5 percent level for atwo tail test.
Betaisthe coefficient in the interaction term (1 + Betalog(GDP/max(GDP)) that is multiplied by the rest

of the reported model.

Instruments: Latitude, land areawithin 100km of the coast or major waterway, percent of land areain the

tropics.




Table 10

Effects of Longevity on Alternative Savings Rate Measures,
OL S Egtimates With and Without Country Fixed Effects, and IV Edtimates

Coefficient of Life Expectancy
Savings Rate OLS Fixed Effects v
(income growth
indrumented)

GDSy 0.365* 0.459* 0.631*
(68 countries, (0.057) (0.094) (0.1275)
410 observations)

GDSr 0.284* 0.098 0.317*
(75 countries, (0.052) (0.086) (0.064)
430 observations)

GNS 0.176* 0.077 0.159*
(68 countries, (0.065) (0.111) (0.070)
300 observations)

GNS 0.354* 0.441* 0.554*
(68 countries, (0.056) (0.106) (0.077)
408 observations)

Notes: All of the estimates are based on unbaanced panels of quinquennid data, as
described in the notesto Table 1. The specifications include income growth, youth and
elderly age shares, and time dummies. Heteroskedadticity- consistent standard errors are
reported in parentheses below coefficient estimates. * denotes significance at the 5
percent level for atwo tal test.
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