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Abstract

This paper presents the mathematical structure, computational aspects and
calibration process of the general equilibrium, multi-regional overlapping- gen-
erations model INGENUE. The purpose of this research is to study the inter-
national capital flows induced by differential demographic dynamics in various
regions of the world in a context of global finance. The most recent UN de-
mographic projections until the year 2050 are used to divide the world into
six demographic areas displaying similar characteristics in terms of their rel-
ative position in the demographic transition process: three developed areas
with rapidly ageing populations - the European zone, the American zone and
Japan - and three emerging areas with slower ageing processes. Dynamic
simulations of the world interest rate, current accounts and property rates of
the regional capital are presented for the next decades.



Introduction

Recent demographic evolutions and projections highlight the reduction of
the birth rate and the lengthening life-span of the world population. These
demographic trends are not synchronous and do not display the same intensity
in different parts of the world. In a world of integrated capital markets,
according to the life-cycle hypothesis, such demographic transitions are likely
to give rise to net capital flows among regions with different demographic
dynamics (World Bank, 1997; Reisen, 1998). Whereas numerous papers have
been devoted to the analysis of repercussions of ageing at a macroeconomic
level, they mainly rely on a closed national economy framework and none of
them directly tackles the problem at a world level.

The pioneer computable general equilibrium model with overlapping gen-
erations built by Auerbach and Kotlikoff (1987) aims at assessing the effects
of reforms in the social security field in the United States. Most of the fol-
lowing calibrated works were also conducted in a closed economy framework
(Auerbach et al., 1989; Cazes et al., 1992; Miles, 1997; Hviding and Mérette,
1998). Some existing models that do consider open economies usually deal
with the case of a small open economy integrated economically and financially
into a large world, so that the essential variables, such as the real interest rate
are exogenous (Persson, 1985; Blanchet and Kessler, 1992; Raffelhüschen and
Risa, 1995; Kenc and Sayan, 1997). While Morrow and Roeger (2000) and
Turner et al. (1998) stress the importance of demographic factors in shaping
world economic conditions, they do not model the endogenous behavior of
overlapping generations in their world macroeconomic model.1 These short-
comings plead in favor of building a more realistic world model, in which
macroeconomic variables are endogenous and demographics are modelled in
such a way as to picture faithfully the ageing process.

The aim of this paper is to analyze capital flows induced by differential
demographic dynamics in various regions of the world, in a context of financial
globalization over the next decades. In a theoretical model with two regions,
Buiter (1981) shows how the difference in time preference rates between two
populations is a sufficient condition to entail international capital flows. But
accounting for the interactions between the ageing process and the macroe-
conomic evolution at the world level involves building a computable general
equilibrium multi-regional overlapping-generations model. To our knowledge,
this is the first time such a calibrated model with realistic demography is be-
ing constructed. The United Nations demographic projections have been used
to divide the world into six zones displaying similar characteristics in terms
of their position in the demographic transition process (DTP). The six zones
are respectively composed of three developed areas with Europe, America and
Japan and three emerging zones, at different stage in the DTP.

1The latter introduce an ad hoc behavioral assumption inspired by life-cycle hypotheses
where the death probability is uniform over lifetime as in Blanchard (1985).
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The paper is organized as follows. The first section introduces the math-
ematical structure of the Ingenue model, the second section presents some
programming aspects and the calibration process. The third section exhibits
some simulations of major macroeconomic variables over the next decades.
The last section concludes with directions for improvements of the model.

1 A computable, general-equilibrium, multi-regional overlap-
ping generations model

We rely on a Diamond-Samuelson type model, based on the life-cycle theory of
savings behavior is as follows: there exist only one good and one asset, whose
markets are perfectly integrated at the world level, whereas individuals are
immobile. There is no money and all relative prices are perfectly flexible,
so that all markets clear at all times. There is no uncertainty whatsoever,
even about the date of individual death, so that rational agents have perfect
foresight. Each area consists of three sectors: the households, the firms and
the public sector.

1.1 The household sector

The time unit of the world is a period of five years. So, in each demographic
zone i = 1...6, at any given period, the economy is populated with 4 cohorts of
children of age between 0-4 and 15-19 and 15 generations of adults of age from
20-24 to 90-94 (g = 1 to 15). From birth to 19, the young people are supposed
to be dependent on their parents and are modelled as an additional cost
proportional to the consumption of the latter. Adults only make autonomous
decisions as of their 20th year as they enter the labor market. They decide
with perfect foresight the level of consumption and savings that maximizes
utility over their entire life time. The inter-temporal welfare is subject to
a budget constraint that takes into account the diverse incomes from labor,
retirement pension and saving.

Individuals are furthermore differentiated according to life expectancy
within each cohort. This assumption aims at catching the increasing longevity
that differs across the zones as depicted by the UN demographic projections.
The life-span of type m agents is known with certainty and its last period of
life is denoted gimax /m,m=1...Mi , where M

i is the number of longevity types in

region i. Type 1 individuals are the first to die, whereas agents of type M i

are the last.2 Hence, each individual is indexed both per its generation g, its
life-span m and per its demographic zone i. In each zone, the intertemporal
welfare for an individual of type m is measured by:

2M is equal to 8 for the three emerging zones: type 1 agents begin to die at the end of
their 59th years. M is equal to 6 for the American zone and Japan (type 1 agents begin
to die at the end of 69th years), while it amounts to 7 in the European area. These values
are calibrated to reproduce the implicit UN assumptions about the different mortality rates
and process of life-span lengthening among the six zones.
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U it =

gi
max /mX
g=1

(1 + ρi)−(g−1)u
³
cig/m,t+g−1

´
i = 1, ., 6 and m = 1, ...,M i (1)

where ρi is the time preference rate and u(.) is a time separable utility function
which measures the level of welfare associated with the consumption of type
m individual from generation g at time t + g − 1 denoted cig/m,t+g−1 with
u0 > 0, u00 < 0. In the model, u(.) is a CARA function:

u (c) =
c1−σ

1− σ
(2)

where σ is the inverse of the elasticity of inter-temporal substitution. There
is no bequest motive and the labor supply is exogenous, so that leisure does
not enter the utility function.
At any given period, for the working generations, the budget constraint is
defined as follows:

τ ig,tc
i
g/m,t = (1− taxit)wit + (1 + rt)sig/m,t−1 − sig/m,t (3)

where rt denotes the real interest rate during period t, w
i
t is the real wage

per capita, taxit is the rate of labor taxation; s
i
g/m,t is the accumulated saving

per capita at the end of period t and τ ig,t indicates the cost of child-rearing
supported by generation g. Appendix 2 sets up how this cost is distributed
accross adults.

Similarly, the budget constraint for retired generations is written:

cig/m,t = p
i
t + (1 + rt)s

i
g/m,t−1 − sig/m,t (4)

where pit is a retirement pension.
The income relative to the age as either the wage or retirement benefits

is defined as:

Incit =

(
(1− taxit)wit, ∀g ≤ gia
pit, ∀g > gia (5)

where gia is the last period of active life in the zone i.
Without credit rationing, first order conditions thus yield:

cig+1/m,t+1 =

µ
τ ig,t(1+rt+1)

τ ig+1,t+1(1+ρ
i)

¶ 1
σ

cig/m,t ∀g ≤ gimax /m − 1 (6)

Then if we introduce credit rationing, the saving per capita can never become
negative: sig/m,t ≥ 0. First order conditions yield:
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cig+1/m,t+1 =Min

Ã τ ig,t(1 + rt+1)

τ ig+1,t+1(1 + ρi)

! 1
σ

cig/m,t; Inc
i
t + (1 + rt)s

i
g/m,t−1


(7)

with (5) .
As there is no bequest motive in the model, savings are null at the beginning
of active life and at time of death. So the inter-temporal budget constraint
can be expressed as follows:


si1/m,t = 0

sig/m,t = Inc
i
t + (1 + rt)s

i
g/m,t−1 − τ ig,tc

i
g/m,t, g = 2, ..., gimax /m − 1

sigimax/m,t
= 0

(8)

1.2 The production sector

There is a single composite good, which can be used for consumption or
investment. It is produced with Cobb-Douglas technology:

Y it = Ait
¡
Ki
t−1
¢α ³

Liact,t

´1−α
, where Liact,t denotes the size of the active

population at the beginning of period t and Kt−1 the capital stock accumu-
lated by the end of period t− 1 and available for production in period t. In
each zone, the technology differs only in terms of general levels of productiv-
ity, Ait. Returns to scale are constant and capital depreciates at a constant
rate δ. There are no adjustment costs. The production per capita is given by

f
¡
kit−1

¢
= Ait(k

i
t−1)α, where kit−1 =

Ki
t−1

Liact,t
is the capital-labor ratio and α is

the share of capital incomes in GDP. An exogenous technological progress reg-
ularly improves the marginal productivity of factors. In a given area, firms are
identical and they maximize their profits under their regional, technological
constraints.

There is a technological, leader country denoted i = 1 (American zone)
where productivity grows at a given annual rate of 2 %. Other regions are
supposed to progressively catch up thanks to productive capital accumulation
according to a convergence function. This function is formalized as follows:

Ait
Ait−1

=
h
1 + λt

i A1t
A1t−1

"
βt +

³
1− βt

´ A1t−1
Ait−1

#
(9)

where λ slows down the convergence process in growth rate whereas β slows
it down in terms of level of global factors productivity.

Firms are assumed to operate in perfectly competitive international markets
for the consumption good and capital and in a perfectly competitive local
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market for labor because there is no international labor mobility. Hence, in
equilibrium, profits are nil and production factors are remunerated at their
marginal productivity. An equilibrium on the three markets therefore deter-
mines two sorts of real prices in terms of consumption goods: the local real
wages wit = f

¡
kit−1

¢ − kit−1f 0 ¡kit−1¢ and the international real rental rate of
capital δ + rt = f

0 ¡
kit−1

¢
.

1.3 The public sector

The public sector is reduced to a social security department. It is modelled
as a pure ”pay-as-you-go” system. A payroll tax, taxit, finances retirement
pensions. There is neither public debt nor other forms of taxation. As labor
supply is exogenous, the payroll tax is never distorting. However, while people
receive old-age pensions independently of their personal savings, the pay-as-
you-go system is not neutral in terms of capital accumulation both at the
national and at the international level.

The amount of pension pit is obtained by multiplying a given proportion πi

(replacement rate) by the net-of-tax wage rate observed in the zone: pit =
πi
¡
1− τ it

¢
wit. The replacement rate is constant and the payroll tax is calcu-

lated in order to assure balance of the social security system. As the defor-
mation of the structure by age modifies the dependency ratio - the share of
retired generations over the labor force - it affects the payroll tax. This system
can be interpreted as a system of retirement indexed on the real net-of-tax
wages.
The current total expenditures must be adjusted to the total current revenues.
Given that the labor force is immobile, the labor market balances in each zone.
The full employment assumption then entails that in each zone i:

Liact,t =
Pgia
g=1 L

i
g,t, where L

i
g,t defines the size of generation g at time t. Hence:

Liact,t.tax
i
t.w

i
t = p

i
t.L

i
ret,t (10)

where Liret,t =
Pgimax
g=gia+1

Lig,t defines the retired population. πi is fixed and

different across regions; taxit is endogenous.

1.4 General equilibrium in a financially integrated world

The world equilibrium results from the aggregation of regional macroeco-
nomic behaviors of saving and investment. The regional savings depend on
past savings and on current and anticipated wages, interest rates and retire-
ment benefits. There is only one global capital market and given the perfect
mobility of capital assumption, the capital market balances at the world level.
The stock of capital equals the stock of world wealth, yielding a unique real
world interest rate. The inter-temporal world equilibrium exists if there is a
unique sequence {rt}t≥0 which is a perfect-forecast stable solution of:
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total accumulated saving at time tz }| {
6X
i=1

gimax−1X
g=1

MiX
m=1

Lig/m,ts
i
g/m,t=

capital stock at time tz }| {
6X
i=1

Liact,t+1k
i
t (11)

The current account of a zone i is the excess of the national production
over the domestic absorption. It is defined as follows:

Bit = Y
i
t + rt(W

i
t−1 −Ki

t−1)− Cit −
h
Ki
t − (1− δ)Ki

t−1
i

(12)

where Y it is the gross domestic product (GDP), C
i
t is the aggregate consump-

tion, W i
t−1 is the sum of domestic savings and rt(W

i
t−1 −Kt−1) refers to the

net income of foreign investment.

2 Programming and Calibration

2.1 Writing the model with Python

The very nature of the overlapping-generations models makes for numerous
repetitions of the same equations with only slight changes, mostly in variable
names (in the computer code, a variable with different indices appears as
different variable names). We quickly found out that it was much more labor-
saving and less error-prone to have an automatic way for writing these equa-
tions. So we have a program written in the programming language Python,
with appropriate loops on regions, generations and representative individuals
in each generation.

The same Python program writes the static, long-run equilibrium model,
the dynamic model and various initialization or ancillary TROLL files. One of
the advantages of a high level language such as Python is a convenient use of
so—called regular expressions, these matching patterns which makes it easy to
selectively replace certain strings of characters. We found them particularly
useful for automatically generating a static equation corresponding to the
dynamic one. This was extremely useful to insure in the development phase
a perfect consistency between the dynamic and static version of a changing
model.

The correspondence between a dynamic equation and its static, long—run,
counterpart is as follows. Let’s consider, in a generic manner, the following
dynamic equation:

f(yt−1, yt, yt+1) = 0 (13)

and assume that, in the long—run, yt grows at the constant rate γ

yt = (1 + γ)ty. (14)

An equivalent static equation in y can be written as
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f(y/(1 + γ), y, (1 + γ)y) = 0 (15)

With regular expressions, it is easy to do such a transformation automat-
ically and to give special treatment of those variables, such as the interest
rate, which do not display a growth trend in the long—run.

2.2 Calibration Process

The calibration process proceeded in two steps that were mainly conducted
simultaneously. The first step consisted in fitting the steady state version of
the model, or more precisely the long run path where population is station-
ary3 and all variables per capita grow to a constant rate, derived from the
exogenous growth rate of productivity. Although empirical evidence does not
support such an assumption, the levels of global productivity in the six zones
are supposed to converge in the very long run, so that all regional economies
eventually grow at the same constant rate equal to 2%.4 The time preference
rate is also assumed to converge toward 1% in the long run. The latter vari-
able proved to be of great influence over the steady state interest rate. To
calibrate the long run path, a level for the annual world interest rate lying
between 3 and 3.5% was sought. The following set of parameters identical in
each zone, proved to fit this interval:

α δ σ ρ

0.30 5% 0.97 1%

Thus, all the differences, except the institutional ones, vanish in the long
run. The persistent different parameters of the pay-as-you-go retirement sys-
tem are respectively the retirement ages and the replacement rates.

Zones Europe America Japan Zone 4 Zone 5 Zone 6

Retirement age 60 65 70 65 65 65

Replacement rate 76% 30,5% 41% 10% 10% 10%

For more developed zones, these values have been obtained after an in-
vestigation of different institutions providing retirement benefits, whereas for

3Until 2050, our modeling exercise is based on UN demographic projections. We follow
the medium fertility variant. After 2050, we assume an international stabilization of the
number of births in each region, that is this number observed in 2050 will be replicated over
all the future five-years periods. Because we have no information about the survival rate
of each cohort after 2050, the survival rates observed in 2050 have simply been postulated
constant afterwards. In the very long-run, the world population becomes stationary. That
is after 2125, the population growth rate is everywhere equal to 0.

4See Temple (1999) for a review of literature regarding the economic convergence.
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less developed area, the choice of parameters does not correspond to an in-
stitutional reality. They are supposed to reproduce an implicit pay-as-you-go
system that catches a more pronounced inter-generational solidarity in these
area compared to OECD countries.

Then, to calibrate the dynamic simulations over the period 1980-2000, we
mainly use the parameter of convergence β and the time preference rate ρ. The
former is of crucial importance for the shape of the projections, because the
speed of the convergence in the levels of global factors productivity depends on
its value. In fact, it determines in large part the capital needs in the emerging
zones and thus the value of the current accounts. In order to achieve a range
of [-4%,4%] for these current accounts as percentages of regional GDP, the
parameter β (resp. λ) has been fixed to 0.9995 (resp. 0.001). This value
involves a scenario of very slow convergence of the five zones toward the
American one, that provides realistic orders of magnitude for all the current
accounts at the beginning of the period.

But, due to its simplified structure, the model was unable to reconcile the
sign of the simulated current account of the American zone with its initial
values over the 1980-2000 period. For calibration, the time preference rate
of this area has been assumed different relative to the value of 1% for the
five zones: it amounts to 2.5% in 1980, this rate converging linearly to 1% in
2225. This proved sufficient to fit both the magnitude and the sign of all the
simulated current accounts with the initial observations.

3 Baseline scenario: A projection of the world economy for
the 21st century

Chart 1 highlights the crucial rôle of demographic dynamics in the world-wide
saving-investment equilibrium, hence in the time profile of the world interest
rate. Indeed, the de-mand for savings —i.e. the process of capital accumu-
lation in the various regions of the world— is quite smooth and essentially
driven by the —exogenous— rates of technical progress in the leading region
(North America) and in the catching-up regions; hence productive capital ac-
cumulation in the world economy essentially depends on the assumption made
with respect to convergence (see below), although it is also influenced, but
marginally, by the interest rate through the factor proportions, i.e. capital
intensity of production. The supply side of world capital markets is influenced
by the interaction of demographic structures and income levels of the various
regions, the former determining the aggregate saving behavior in each region,
while the latter is essentially a scale factor for the share of each region in total
world savings.

Due to the very contrasted and fluctuating demographic profiles of the
six regions over the first half of the century, which may be conveniently sum-
marized here by the ratios of ”high-savers” —individuals between the ages of
40 (when children have left home) and 65 (when they are dissaving after re-
tirement) in total population (Chart 2)—, the evolution of the world interest
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rate is far from being uniform: it first declines sharply until 2030, due to the
presence of numerous high-savers in the developed regions of the world, while
the demand for capital stemming from developing regions is only very gently
increasing due to our assumption of slow catching-up in the baseline scenario;
from 2030 till 2050, it rises again slightly, then fluctuates around a value of
3.75% for the rest of the century. Although apparently of a small magnitude,
these variations in the world interest rate are indeed significant, in that they
di-rectly influence the growth rates in the various regions, hence the world
average real growth (Chart 3) and regional GDP growth rates (Chart 4), as
well as the accumulation and invest-ment decisions in each region, hence the
saving-investment balance, and therefore the con-stellation of regional current
accounts and the polarization and magnitude of world capital flows (Chart
5, benchmark). In that respect, the most dramatic evolution is projected for
Europe, whose current account position deteriorates sharply after an initial
phase of surpluses, and runs into large deficits after the year 2030; hence,
the European ownership ratio (the share of productive capital installed in the
region that is owned by residents) deteriorates significantly after that date,
to become lower than one by 2060 and reach a level of 80% by 2100 (Chart
6, benchmark). This singular European trajectory is for the most due to
the interplay of the generous pay-as-you-go pension systems and changing
demographic structures: higher dependency ratios generate lower saving and
eventually revert international capital flows.

4 Catching-up and world capital flows: technological scenar-
ios

In our model, the rate of growth of technical progress, and hence total factor
productivity, is exogenous, and, outside the leading region (North America),
it is assumed to obey a law of technological diffusion generating a catching-up
of less-developed regions (LDRs) at a speed that, in our baseline scenario, is
pretty slow. Given the empirical uncertainties of the catching-up process and
international real convergence, we have investigated several scenarios with
different speeds of convergence. In addition to the our baseline, characterized
by relatively slow catching-up of LDRs, we show three cases: one with no
catching-up, keeping the GDP gaps in constant over time, and two with higher
speeds of technological diffusion, where GDP levels in the least developed
region of the world respectively reach % and % of North American GDP by
the end of the century.

As expected, the rate of real convergence affects the pace of productive
capital accumulation in an early phase of the catching-up process: the faster
real convergence, the stronger the ini-tial demand for capital in LDRs, hence
the larger their current account deficits (Charts 5). Insofar as the world supply
of savings is, initially, not much affected by the rate of conver-gence —because
the regions concerned are relatively small in terms of aggregate income and
savings, initially—, the dominant effect is on the world demand for capital,
translating into higher interest rate when catching-up is faster, this capital
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demand effect being strengthened by a supply effect since young generations
in catching-up regions are also saving less, because they expect higher incomes
in the future (Chart 6). At a later stage however, the scenario of very fast
convergence exhibits a rapidly declining world interest rate, becoming lower
than that of fast convergence after 2040 and eventually even lower than in
all other scenarios: as incomes increase and population mature in LDRs, the
volume of their savings in-creases fast and this positive effect on world capital
supply progressively dominates the initial negative effect of fast catching-up
on world capital demand.

The faster real convergence, the more contrasted also the ownership ratios
are (Chart 7). In particular, the extreme values in the case of fast catching-
up suggest that this assumption is not very realistic and that LDRs would,
in such a case, run into serious liquidity constraints preventing them from
pumping up so much of the world capital supply in the first decades of the
century.

5 Public pension reforms: Some institutional scenarios

Our model is, of course, designed to shed some light on current debates
in ageing richer areas of the world, and most specifically in Western Eu-
rope, about the future of pay-as-you-go pen-sion schemes, and on the long-
run economic consequences of various possible institutional reforms of pub-
lic pensions. In our analytical framework as in other applied overlappling-
generations, general-equilibrium models, any change in the rules of the pay-
as-you-go pen-sion scheme automatically induces a change in households’ sav-
ing behavior, which functions as an individual, private capitalization pension
device. The major difference with other existing studies of economic con-
sequences of pension reforms lies in the international interde-pendence and
capital flows: instead of being bottled up in the region undertaking pension
re-form, the effects on private savings — and hence on interest rate, capital ac-
cumulation, aggregate and age-specific consumption, etc. — are, in this model,
spread over the entire world, and henceforth diluted in worldwide supply of
capital.

In order to illustrate this point, as well as the implications of financial
globalization, we have investigated various currently debated scenarios of in-
stitutional reforms of European public pension schemes, that clearly appear
as the most generous, as well as the most seriously en-dangered by upcom-
ing ageing processes. The baseline, characterized by the maintenance of a
constant net replacement ratio (NRR) — the ratio between public pensions
and net-of-tax wages — has thus been compared to three alternative rules: a
more generous scenario (GRR), where the gross, rather than the net, replace-
ment rate is held constant in the future; a less gen-erous scenario, where the
contribution rate is held constant at its initial value in the future, so that pen-
sions automatically adjust downward as population ages (CCR); and finally
a scenario in which the retirement age is postponed by five years in Europe,
compared to baseline (PRA).
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The economic consequences of such institutional reforms of public pension
schemes are, as expected, non negligible, although they do not much affect
worldwide economic aggregates, insofar as Europe is relatively small com-
pared to other regions. The contrast with the finan-cial autarky outcome is
most vivid (Charts 8a and 8b). These much smaller changes in interest rates
directly translate into less dramatic evolutions of GDP growth (Charts 9a and
9b): less generous pay-as-you-go pension schemes, either through decreasing
replacement ratios or via a postpone-ment of the retirement age, will indeed
induce higher savings in Europe, but, given the rela-tive size of this region
in world capital markets, the aggregate supply of capital would not be much
affected, at least much less than when Europe is depicted as a financially
closed economy.

6 Concluding remarks

The INGENUE model has been designed to analyze the consequences of dif-
ferentiated ageing processes in the various regions of the world in a context
of financial globalization. In this paper, we have tried to convey the major
features of the model and of its baseline scenario over the century with re-
spect to main regional and worldwide economic aggregates. The po-tential
uses of the model have been illustrated with the exploration of various scenar-
ios of real economic convergence and scenarios of pension reforms in Western
Europe, meant to demon-strate the major differences between conventional,
closed-economy reasonings and the gen-eral-equilibrium, world analytical set-
ting that we have built.

Of course, many other scenarios could be explored and the model can also
be used to address distributional issues, especially intergenerational distribu-
tional effects of pension reforms. Obviously too, the model is oversimplistic
and a number of improvements could be intro-duced in order to make it a
little more realistic. In particular, the assumptions of a single good market
and a single financial asset make the number of relative prices very small,
and hence restrict the adjustment channels to changes in the magnitude of
capital flows. Introducing sev-eral goods and endogenous real exchange rates
would probably alter the results somewhat; similarly, imperfect international
capital mobility would also seem to be a desirable feature of such a model,
as it appears that the magnitude of current account deficits and the amounts
of external indebtedness in some scenarios are simply too large to appear
sustainable in the cur-rent phase of world financial integration.
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Appendix Demographic Zones

We use the most recent UN demographic projections and assumptions.
To divide the world into six demographic areas, a principle of homogeneity is
applied, based upon proximity in the demographic structures. More precisely,
six criteria have been used: the growth of population, the dependency ratio of
young people, the dependency ratio of old individuals, the dependency ratio
of very old ones, the ratio of working generations likely to be in debt, and
the rate of the working age population. Among the three emerging zones, the
main difference between the areas rests on their different relative position in
the Demographic Transition Process.

The table below presents all the countries composing each demographic
zone5.

Denomination Composition
Europe European Union, Switzerland, Norway and Iceland
America United States, Canada, Australia and New Zealand

Japan Japan

Z4
Countries Advanced in the Demographic Transition Process

China, Korea Dem. Rep., Hong Kong, Macao, Korea Rep., Songapore, 
Thailand, Bahrain, Cyprus, Qatar, United Arabs Emirates, Belarus, Bulgaria, 
Georgia, Czech Republic, Hungary, Poland, Moldavia, Romania, Russian 
Federation, Slovak Republic, Ukraine, Estonia, Latvia, Lithuania, Bosnia-
Herzegovina, Armenia, Croatia, Slovenia, Macedonia, Yugolsavia, Cuba, 
Uruguay.

Z5
Countries Beginning their Demographic Transition Process

Argentina, Brazil, Chile, Colombia, Guvana, Mexico, Panama, Peru, 
Suriname, Sri Lanka, Caribbean zone, Bahamas, Dominia, Jamaica, Trinidad 
& Tabago, Azerbaijan, Israel, Kuwait, Lebanon, Turkey, Albania, India, 
Indonesia, Brunei, Malaysia, Vietnam.

Z6 High Fertility Rates Countries
Africa, Mongolia, Afghanistan, Bangladesh, Bhutan, Iran Islamic Rep., 
Kazakhstan, Kvgrvz Republic, Nepal, Pakistan, Tajikistan, Turkmenistan, 
Uzbekistan, Cambodia, Eastern Timor, Lao PDR, Mvanmar, Philippines, 
Gaza strip, Iraq, Jordan, Oman, Saudi Arabia, Syrian Arab Rep., Yemen 
Rep., Haiti, Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, 
Bolivia, Ecuador, Paraguay, Venezuela, Melanesia, Fiji, Papua New Guinea, 
Vanuatu, Micronesia, Polynesia, Samoa.

5Concerning the aggregation of countries by zones, more details are provided in IN-
GENUE Team (1999).
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