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Demographic- changes, such as those anticipated in most OECD countries,
have many economic effects that impinge on a country’s fiscal viability.
Evaluation of the effects of associated changes in capital-labour ratios and
the welfare and behaviour of different -generations requires the use of a
dynamic general equilibrium model. This paper uses an overlapping generations
demographic  simulation  model, wvhich  incorporates  bequest behaviour,
technological change, the possibility that the economy 1is open to
international trade, and government consumption expenditures that depend on
the age composition of the population. The model has been further adapted to
study the effects of anticipated demographic changes in Japan, the Federal
Republic of Germany, Sweden and the United States. The simulation results
indicate that these changes could have a major impact on rates of national
saving, real wage rate and current accounts. One of this paper’s fundamental
lessons is that allowing for general equilibrium adjustments reduces the
adverse welfare effects of increasing dependency ratios. Nevertheless, the
wvelfare costs, and particularly their distributions across cohorts, pose
serious challenges for policymakers in some cases.

* % k k k% % %

Des variations démographiques comme celles anticipées dans la plupart des pays
de la =zone de 1’0CDE ont de multiples effets économiques qui influent sur la
viabilité de 1la politique budgétaire d’'un pays. En évaluer les conséquences
sur le rapport capital-travail, 1le bien-étre, et le comportement des
différentes générations exige l’utilisation d’un modéle dynamique d’'équilibre
général. Dans cette étude on utilise un modéle de simulation démographique de
générations chevauchées incorporant 1les legs, le progrés technologique,
l’ouverture de 1l’économie & 1’échange international, et les dépenses publiques
liées a 1la structure par 4ge de la population. Le modéle a été également
modifié afin d’étudier les effets de la transition démographique au Japon, en
République Fédérale d’Allemagne, en Suéde, et aux Etats-Unis. Les résultats
des simulations indiquent qu‘elle pourrait avoir un impact profond sur les
taux d’épargne nationaux, les salaires réels et les balances courantes. Une
‘des lecons fondamentales de cette étude est que les effets néfastes sur. le
bien-étre de l’accroissement du taux de dépendance sont moins sévéres quand on
tient compte des effets d’équilibre général. Néanmoins, les colits en termes
de .bien-étre, et particuliérement leur ventilation par génération,
"représentent dans certains cas des défis sérieux pour les autorités.
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I. INTRODUCTION

Demographic changes, such as those anticipated in most OECD countries,
have many economic effects that impinge on a country’s fiscal viability. For
instance, a higher ratio of old (who have saved) to middle aged (who work) is
likely to increase a country’s capital intensity, raising real wages and the
potential for workers to finance government programmes. Also, the presence of
fewer children per family may reduce child-related spending needs. O0Of perhaps
greatest importance, changes in tax rates and pension attributes are likely to
influence household behaviour. For example, any anticipated reductions in the
< generosity of government pension schemes should increase the saving of those
currently at work, who would then provide more personal resources for their
retirement years. : :

The impact of a change in the capital-labour ratio and in household
. behaviour can only be measured using a general equilibrium model of the
economy, one that takes account of the interaction of decisions of households,
producers, and the government. Moreover, to measure the effects of a
demographic transition on the behaviour and welfare of different generations,
it is necessary for such a model to be disaggregated (by age cohorts) and
dynamic, describing  the experience of each age cohort over time as economic
“conditions change. The model developed in Auerbach and Kotlikoff (1987),
" described in some detail below, satisfies these criteria. It is based on the
life-cycle model of saving behaviour, augmented, however, to include bequests.
It traces out and aggregates the labour supply, retirement, consumption,
fertility and bequest behaviour of individuals born in each year. - These
choices reflect fully rational responses to current and future tax rates and
.public pension benefits, which are assumed to be known. Aggregate behaviour
leads, through the production sector, to a determination of wages and interest
rates and, given the stock of government debt, tax rates. O0f course, even
such a complex model as this lacks many important real world features. For
example, it does not take account of differences among individuals within
generations with respect to economic attributes or life expectancy, nor does
it deal with the short-run macroeconomic problems of inflation and cyclical
unemployment. These limitations should be kept in mind when evaluating the
model’s simulation results.

The 75 generations -- 250 year demographic simulation model, presented -
in Auerbach and Kotlikoff (1987, Chapter 11), has been modified to incorporate
bequest behaviour, technological change, the possibility that the economy is
open to international trade, and government consumption expenditures that
depend .on the age composition of the population.

Ve have further adapted the model, initially parameterized only for the
United States (but for an arbitrary demographic transition), to,simglate the
general equilibrium effects. of demographic changes in Japan, the Federal
Republic of Germany, and Sweden as well. For each country, several questions
are addressed. These include:

1. What would happen to government revenue and tax rates if current
' government spending patterns (i.e. by age groups) are maintained?

2. By how much must social security contribution rates be increased if
the current levels of old-age pension benefits are to be maintained?



3. How would national saving rates and real wages be affected by the
changing population age structure?

4. Vhat pressures would effects on saving rates and real wages exert on
international capital flows?

5. How would the overall well-being of ,indiViduals‘ of different
generations be affected by the economic changes associated with the
demographic transitions?

6. What would be the impact on economic performance and generational
welfare of reductions in the generosity of public pension schemes?

: Our analysis indicates that rates of national saving, real wage rates,
and current accounts all appear very sensitive to the forecast increases in
dependency ratios. General equilibrium analysis highlights the fact that the
burden on those who must support this increasing dependent population is
somewhat overstated by 1looking simply at social security contributions, for
real wages can be expected to rise and, at least temporarily, other tax rates
to fall. The fundamental lesson of general equilibrium analysis is that
allowing for adjustments (and assuming that economies are sufficiently
flexible for such adjustments to take place) 1leads to smaller costs from

adverse population developments. Nevertheless, the welfare costs, and
particularly their distribution across cohorts, pose serious challenges for
policymakers  in some cases. Thus, policies aimed at cushioning the fiscal

burden of the demographic transition, including cuts in old-age pensions and
other age-related government spending, can improve the welfare of future
generations, although they also reduce the welfare of earlier ones. These
must be carefully weighed before one concludes that programme cuts are needed
or even beneficial. '

II. MODELLING THE DEMOGRAPHIC TRANSITION

The model contains three sectors: a household sector, a production
sector, and a government sector. For each sector, there is a system of
nonlinear equations  relating " endogenous behavioural variables.
(e.g. consumption or labour supply) to predetermined economic variables and
taste and technological parameters. Jointly solving the equations of the
different sectors determines the economy’s dynamic equilibrium transition
path. The individual components of the model are fairly simple, but their
interactions can be quite complex. By solving for the economy’s general

equilibrium transition path the model takes into account all relevant
feedbacks between policy and demographic changes, on the one hand, and changes
in the time paths of wvages, interest rates, labour supply, and the capital
stock, on the other. For example, the gradual capital deepéning in a closed
economy associated with a baby bust gradually changes real wages and real

interest rates. But changes in the time paths of these variables necessitate
changes in the time path of tax rates, holding fixed the time path of
government consumption. Such changes in fiscal instruments feed back to

influence the time path of capital deepening by affecting the time paths of
consumption demand and labour supply.



A. Household behaviour

At any given time the household sector comprises seventy-five.
overlapping generations. ‘These generations correspond to children ages 1-20
and adults ages 21-75. Each year the 75 year-olds die and new children are
born. Age 21 is a critical age in the model. At age 21 each individual
changes status from that of a child who is cared for by a parent to that of an

~adult. ‘At this age the individual also becomes a parent with the number of

children determined exogenously in the model. Between ages 21 and 41 the
parent cares for her (his) children, financing their consumption and receiving
any of their labour earnings.

Individual tastes are assumed to be identical for all agents, with
differences in behaviour being generated entirely by differences in economic
opportunities, Since all individuals in an age cohort are assumed identical,
differences in economic opportunities .are present only across cohorts.
Households in 'the model make decisions about consumption, leisure, and
bequests based on their intertemporal preferences.

1. Preferences

Each parent is assumed to have preferences that can be represented by a
function whose arguments are i) utility from the parent’s own current and
future values of consumption and 1leisure, ii) her (his) children’s utility
from consumption and leisure through age 20, and iii) utility from the
parent’s bequest per child. The three components are indicated on the right
side of equation (1) vhich gives an expression for the lifetime utility of a
-member of a generation who reaches age 21 and becomes an adult and parent at
time t. The first term, V., refers to the parent’s lifetime utility from his
or her own annual consumption and leisure from age 21 through age 75. The
second term, V,,, is the child’s utility from annual consumption and leisure
from age 1 through age 20 (at which time the parent is 40) multiplied by the
-number of children, Nt; The third term, N.B,, is the number of children
multiplied by the parent’s utility from bequests per child, B,.

(1) U

i

¢ th + Ntht + NtBt

The terms V,, and V,, are expressed in equation (2) in terms of their
respective annual components, U, and uy ., vhere the subscript j stands for
parent’s age, and t still refers to the year the parent becomes age 21:

75 40
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In (2) & is the rate of time preference, and y is the intertemporal elasticity
of substitution.

‘ ‘The annual utility components, Upje and Uy, vhich are functions of
annual consumption and leisure, are assumed to have the same constant
elasticity - of substitution functional form. The annual function takes the
form: ‘
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vhere c¢;;, and X\, are, respectively, consumption and leisure of the
generation t parent and her (his) child at the parent’s age j. The term « is
a leisure share parameter, and p 1is the static elasticity of substitution

between leisure and consumption. Leisure is measured as a fraction of the
- maximum amount of time an individual could work in a given year, taking values
between <zero and one. In the model individuals endogenously retire by

choosing a value of leisure equal to one.

Individuals make bequests at age 75 (the end of their lives) leaving
equal amounts to each of their age 55 .children. In contrast to the
formulation by Robert Barro (1974), redistribution between generations, as
might be associated with government deficits, is not neutral in this model
because parents at age 75 receive utility from the amount of bequests they
leave each of their adult. children rather than from their adult children’s
utility. Equation (4) displays the isoelastic function chosen for the utility
~ of bequest component, B.:

_ -54 ,1-1/v
(4) Bt = U(1+6)‘ | b75t

In equation (4) v is a preference parameter that influences the size of
bequests, and b,;, stands for the bequest made per child by generation t
parent when the parent is age 75.

By altering the parameters of the three components of the utility
function U, one can consider a very wide range of shapes of age-consumption
and age-earnings profiles as well as levels of bequests. Given the paucity of
empirical evidence about age-consumption and age-earnings profiles as well as
bequests, it is not possible to identify with precision all of the preference
parameters of the particular functional form assumed for U,. There is little
reason, therefore, to resort to a more general, and more complicated,
functional form for utility.

2. _Thé household budget constraint

Equation (5) presents the generation t parent’s lifetime budget
constraint in the absence of government policy. This budget constraint states
that the present value of the parent’s consumption as well as that of her
(his) children when young plus the present value of the parent’s bequest
equals the present value of the parent’'s labour earnings as well as that of
her (his) children when young plus the present value of the parent’s
inheritance received at age 55.

t+54 i 1 t+20 1 1
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