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Abstract

The aims of the model discussed in this paper are twofold. In
the …rst strand we show the e¤ect of an environment motive in the
saving decision, and its impact on capital accumulation. In the second
strand we extend the analysis of the issues by showing the e¤ect of the
free movement of factors of production and retired people on capital
accumulation, in a two country overlapping generations model.
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1 Introduction
Social Security systems have played an important role in the economic life of
European countries. They not only provide security for the elderly, but can
also ful…ll a role of automatic stabilizers. They provide a means of income
redistribution, as well as impacting upon capital accumulation, and labour
supply.

The essential thrust of economic integration in its various forms, from
trade liberalization to enhanced labour and capital mobility, can be sum-
marized thus: economic integration, while generally welcomed, usually has
adverse consequences for relatively ine¢cient producers. The interaction be-
tween social security and economic integration then becomes particularly
interesting whenever it induces some gain or losses between countries. The
aim of my thesis is to provide a theoretical investigation in relation to speci…c
aspects of social security systems, using various overlapping generation mod-
els. The main dimensions of my analysis relates to the e¢ciency of public
pensions, in particular thir impact upon economic growth in the light of new
challenges arising from European economic integration.

In this article I am going to consider a simple model of resource alloca-
tion using a two-country overlapping generation model with free migration
of workers, and the retired. We assume that the only role played by the
government is to provide Social Security by a capital reserve system. The
model de…nes households characterized by utility functions with the usual
formal properties. One new element introduced will be that agents, in mak-
ing their saving decisions (for pernsions) will also consider an environmental
incentive. We will look at the determinants of migration choices for work-
ers or pensioners, and examine the e¤ects of wages (workers) or di¤erent
level of environment (pensioners) on these choices. Di¤erent wage conditions
and di¤erent environment levels, between the two countries will impact upon
migration. We will produce a model illustratimg the implications of both
being with or without trade. Some preliminary results from this model are
discussed in the next sections of this paper.

After a literature review on Social Security, conducted in section 2, we will
use sections 3, 4 and 5 to present the basic model of our analysis. The aim of
this model is to set the basis for future analysis considering a two-county, in…-
nite overlapping generations model with di¤erent saving preferences. We are
going to consider a fully-funded pension system in an overlapping generation
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model à la Diamond1. As we mentioned before, a new element introduced
will be that agents in making their saving decisions may consider an environ-
mental incentive. When they make a saving decision, agents will also consider
the value of the environment over their retirement period. The value of the
environment in the next period (retirement) is one argument within the con-
sumers’ utility function. We assume that the value of the environment is a
function of an original exogenous endowment of the environment, which is
assumed to have an identical value across periods in present value terms. The
qualitiy value of the environment is assumed to be negatively related to the
presence of negative externalities and hence positively related to the presence
of positive externalities. We also assume that the value of the environment
is a negative function of the expected level of capital deployed during the
next period. Implicit in this assumption is the view that capital investment
undermines the sustainability of the environment. We assume that individ-
uals ignore the impact of individual decision making on the overall level of
capital accumulation. They simply maximize their utility function subject
to a budget constraint, disregarding the impact on the overall level of capital
accumulation. Because the individual can by himself have only a minuscule
impact upon the overall level of capital accumulation, it is assumed that such
an impact is disregarded when consumers make their decisions. In e¤ect an
individual consumers’ optimum may lead to a sub-optimal level of capital
accumulation at a social level. [Therefore we are assuming that dynamics
implicit in learning-by-doing models do not operate.]

In sections 3 and 4 of this paper we are going to show the e¤ect on saving
decisions (and also capital accumulation) of the presence of an environmental
motive in a closed economy. We will show how saving decisions change if
agents consider also the e¤ect of their decisions on the environment when
they are retired.

In section 5 we are going to consider resource allocation in a model with
two countries. The model is an overlapping generation model with free mi-
gration, which is otherwise symmetric except for the assumption of di¤erent
endowments of environmental resources between the two countries, and the
impact of the di¤erent levels of development in the two countries. We will al-
low individuals (workers and the retired) and capital, to migrate freely across
national borders.

In section 6 we summarise the conclusions of the model.
1Diamon (1965)
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2 Literature review on Social Security
A social security scheme either may rely on pay-as-you-go principles or take
the form of a capital reserve system. With a pay-as-you-go system (PAYG),
the younger households’ contributions are immediately distributed to the old;
with a capital reserve system (CR), a capital stock, which is built up for each
young generation, will be consumed when this generation becomes old. Most
Western European pension systems are funded on a Pay-as-you-go basis.

When pension provision is introduced, there is often little consideration
and knowledge of the e¤ects on macroeconomic variables, and little thought
about long term sustainability. After the second world war this PAYG ap-
proach to providing for old age was adopted in most Western European Coun-
tries.

Nowadays, many economists would raise severe concerns about the intro-
duction of an old-age security system based upon a Pay-As-You-Go approach.
The wide interest in economic theory relating to public pension systems in
Europe, came as a consequence of three facts:

1. In no other part of the world is provision for old-age so predominantly
provided by the state.

2. Most Western European Countries have lower fertility rates than the
rest of the world. Without immigration, their populations will already have
substantially decreased.

3. The introduction of the Single Market (1992) and the Euro (2002),
have increased the degree of economic integration and mobility of factors of
production between European Countries.

Following the seminal work of Samuelson (1975), a theoretical literature
has grown examining the macroeconomic relationships between social secu-
rity systems, aggregate savings and the allocation of resources within an
overlapping generations framework2. An important aspect of the analysis
of the social security system involves analysing of the relationship between
social security, and dynamic e¢ciency in terms of an optimal capital-labour
ratio. This analysis is generally conducted within a simple two-sector, two-
period overlapping generations (closed) economy model with emphasis being
placed upon the steady state. In the literature, the term e¢ciency has also
been related to the ”Golden Rule” concept, which broadly de…nes the op-
timal level of capital for a dynamic economy as that which maximizes the

2The theoretical literature is reviewed by Felderer B. (1993)
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steady state lifetime utility for each generation.
The theory of ine¢ciency of intergenerational transfers provided by Pay-

as-you-go schemes is based on two di¤erent sets of models. The …rst set of
models assumes a ”small open economy”. In this case the economies are so
small in relation to the size of the world economy that the market rate of in-
terest is assumed to be given. A number of important papers [P.A. Samuelson
(1958), H.Aaron (1966), K.Spremann (1984), St.Homburg (1990)] use these
kind of models. The second set of models assumes a ”closed economy”.
The models are based upon a life-cycle theory and assume factor prices are
determined endogenously. [ P.A. Diamond (1965) P.A. Samuelson (1975),
F.Breyer/M.Straub (1991)]

It is interesting to note that both groups of hypotheses lead to the same
conclusions in terms of the welfare implications of Pay-as-you-go systems
(given that an in…nite sequence of overlapping generations are assumed):
Steady state welfare is improved by introducing a system of transfers from
younger to older generations, so long as the interest rate is smaller than the
growth rate of the population. That is because the rate of return in social
security is assumed to be the growth rate of the population, rather than the
interest rate as in a capital reserve system.

Samuelson (1975) employs a simple two-sector (private and government)
two period overlapping generations model, to characterize the optimal steady
state social security programme. In his work he establishes that a less than
fully funded state pension scheme can be used to manipulate the level of
aggregate saving and hence capital accumulation, in the economy, thereby
securing attainment of the Golden Rule capital-labor ratio, where it would
otherwise not prevail. This result arises because the introduction of a social
security programme reduces the need for individuals to save for their retire-
ment. It can therefore be used to reduce aggregate saving to the Golden Rule
level. This Pareto improvement can only be achieved if the initial state is
one of dynamic ine¢ciency with too much (and not too little) capital.

The Samuelson (1975) paper has provided the foundations for much sub-
sequent work, with later authors investigating the impact of relaxing various
assumptions. Among the more noteworthy of these are:

1. Presence or absence of ”altruism” that can motivate intergenerational
transfers such as gifts and bequests3.

3Barro (1975), Bernheim at al (1984, 1985), Feldstain (1988), Abel (1987), Kimball
(1987) and Weil (1987).
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2. Uncertainty with respect to output 4and length of lifetimes5.
3. Myopia in the saving decision6.
4. Inelastic or exogenous supply of labour.
5. Retirement behavior7.
6. Public choice voting systems 8.
From these works it is possible to extract some themes of particular rel-

evance:
=)The presence of some of these factors, such a bequest, uncertainty

and myopia, may themselves justify the introduction of a compulsory social
security scheme.

=) Social Security with a Pay as You Go scheme is a substitute for
private saving; consequently its availability reduces the need to save for re-
tirement.

=)Social Security reduces the e¤ective cost of retirement, and may there-
fore encourage earlier retirement. This in turn may induce additional saving
to provide for the longer expected periods of retirement.

=)Under the assumption of a single majority voting system, the con-
tributions to the public pension systems are too large, and such a level
generally does not converge to the one which maximizes individual utility in
the long-run equilibrium.

=)Empirically the quantitative e¤ect of the saving rate is still a contro-
versial point, because of the impact of several variables.

=) The introduction of uncertainty seems to con…rm the ine¢ciency of a
pay-as-you-go scheme. However, research on this type of model is still being
carried out.

=) There is a concentrated discussion on the programs of reform in
Western Europe. Due to demographic factor, all the Western European
countries are facing the prospect of higher and higher contribution rates to
retain the same level of pension-income9. The possible increase in women’s
employment will o¤er only partial relief. Simulation exercises indicate that
in addition to a rise in the retirement age, further measures will be necessary.

4Sheshinski and Weiss(1981) consider uncertainty with respect to mortality.
5W. Richter and W. Enders (1982), and H.E Lapan. As a staring point in both papers

it is assumed that there is uncertainty with respect to labour productivity.
6Feldestain (1985)
7Danziger (1981), Aaron (1982), Lazear (1986), Hu(1979)
8Browning (1975), P.G.C Townley (1981)
9See European Commission 2001.
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3 The basic model
We consider an overlapping-generations economy in which individuals live
for two periods, so that at any point in time, the economy is composed
of two cohorts, or generations, the young (Y ) and the old (O). At any
one time individuals of di¤erent generations are alive and may engage in
trading with one another, each generation trades with di¤erent generations
in di¤erent periods of their life. Individuals work only when young , he/she
can transfer consumption between periods t, and t+1, by saving an amount
st,and receiving an interest rate rt+1. The economy has a …xed endownment
of enviromental resources e. The only role played by the government is
to provide Social Security by a capital reserve system in which in period t
the government raises dt in contributions from the young, and invests the
contributions in capital and returns in period t + 1, to the old generation.
The savings of the young in period t and the pension contributions collected
by the government in period t generate the capital stock that is used to
produce output in period t + 1, in combination with the labor supplied by
the younger generation during period t + 1.

3.1 The Decentralized Equilibrium
The economy is composed of individuals, government and …rms. We assume
that the total population of the economy Pt, grows at constant relative rate n
and is composed of Lt young workers and Rt retired people. Each person born
at t lives for two periods and is capable of providing one unit of labour in the
…rst period Lt = (1 + n)Rt. Let the life time utility U(t) of a representative
individual born at t be dependent upon his consumption in both periods,
and the value of the environmental variable in the second period:

Ut = U [cY
t , cO

t+1, et+1] (1)

where cY
t denotes his/her consumption when he/she is young, cO

t+1is con-
sumption when retired , et+1 is the value at time t of the environment function
at time t + 1. It is assumed that the life time utility function is increasing
and quasi concave with respect to all its arguments.

U 0(¢) > 0, U 00(¢) < 0
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3.2 The Environment function
In our model the environment variable, broadly interpreted, refers to the
standard of living that a country can o¤er to retired people i.e. natural
resources. The key idea in the model is that elderly people consider this
environment variable to be a substitute for consumption over the retirement
time. The higher the level of this environment variable in a speci…c country,
smaller is the need for saving when people are young. The environment
variable enters into the overall utility function (Ut). In making a consumption
decision consumers also consider the value of et+1 in the next period i.e.
when they are old. We assume in (2) that the value of the environment, is
a function of the environmental endowment (¹e) i.e. environmental capital
stock, minus the sum of the congestion coe¢cient ($) multiplied by the
term in brackets adjacent to $ that represents the value of the congestion in
period t+1. The numerator of this expression contains the term Rt+1 (retired
people) plus Mt+1 which relates to migration of retired people in the country.
Whilst the denominator contains only the variable Rt+1. The idea about the
congestion coe¢cient is that the higher the number of retired people resident
in one country the smaller is the value of the environment variable for a single
retired person (i.e. a congestion e¤ect). We can think here of a attractive
country with a lot of sun and natural resources and perhaps an asthetically
pleasing environment. The presence of many residents in that country can
reduce the value of its natural resources.

The …nal expression (β(kt)) involves the coe¢cient β multiplied by the
expected value of (kt), which is the ratio of capital to labour. We assume that
a capital intensive production produces more pollution that a labour inten-
sive one. The more capital intensive is production, the more the productive
sector in the economy is environmental unfriendly. The pollution produced
by highly capital intensive production, reduces the value of the environment
variable by the coe¢cient β.

et+1 = e ¡ $
µ

Rt+1 § Mt+1

Rt+1

¶
¡ β(kt) (2)

Note that the value for a single individual of the enviroment function at
time t + 1 is a function of the capital at time t. That is because we assume
that young individuals observe the level of the capital-labour ratio at period
t, and they ignore the impact of the individuals decision making, upon the
overall level capital accumulation. Thus for single individuals:
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dkt+1

dst
= 0 (3)

In doing so young individual will think that kt+1 = kt, and they will evaluate
the value of et+1 as a function of the observed value of the capital kt.

3.3 The Role of the Government
Without further complications we assume that the only role played by the
government is to provide Social Security by a capital reserve system which in
period t raises dt in contributions from the young, invests the contributions
as capital, and pays back bt+1 to the same generation when they are old.

bt+1 = (1 + rt+1)dt (4)

The returns to the contributions to public pensions are the same as re-
turns to private savings. The role of a Social Security system of this kind can
be interpreted as involving compulsory savings imposed by the government
on the young i.e. to prevent people living miserably in old age because they
do not realize when they are young the future consequences of their private
saving habits. The government using public pension contributions faciltates
capital formation for the next period. We assume that the government does
not consider the impact upon the environment variable given in (2) by his
saving decision.

3.4 The Household Sector
At this stage in order to develop intuition from the model, we need to specify
a utility function that will allow us to obtain full and analytical results.
We assume that the typical household has a log-linear utility function over
consumption level (cY

t , cO
t+1) and over the level of the environment (et+1).

U = ln(cY
t ) + α ln[cO

t+1 + et+1] (5)
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The lifetime allocation problem for the typical household is that of choos-
ing c1and c2 subject to the lifetime income constraint (6) and the value of
the environmental function (7):

cY
t = wt ¡ st ¡ bt (6)

cO
t+1 = (st + bt)(1 + rt+1)

et+1 = e ¡ $
µ

Rt+1 § Mt+1

Rt+1

¶
¡ β(kt) (7)

where wt is the wage received in period t and rt+1 is the interest rate
paid on private savings (st) and public pension contribution from period
t to period t + 1. Note that having been determined in the period t ¡ 1
the value of kt is exogenous in the period t. The value of the environment
variable et+1 depends on the value of kt (exogenous within the period t),
because as we mentioned before a single individual will ignore the impact
of individual decision making upon the overall level of capital accumulation.
By maximizing (5) subject to (6) and (7), we have :

1 + rt+1

α
=

cO
t+1 + et+1

cY
t

(8)

Equation (8) asserts that the marginal rate of substitution of present
consumption for future consumption, plus the environmental value, must
equal the interest rates discounted by the time preference parameter α.

3.5 The Production Sector
When refering to the production sector, in order to develop some intuition
we use a speci…c production function that allows us to obtain a full and
analytical solution. We consider a competitive economy in which …rms act
competitively and assume log-linear constant returns to technology:

Yt = Lta ln(kt + 1), a > 0 (9)
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where Yt is the level of output in period t, Lt is the labour input ( the
number of young people in period t.), kt ´ Kt/Lt the capital-labour ratio
and a is an exogenous technology coe¢cient. We assume that (5) is a net
production function, with depreciation already accounted for. Output for
worker yt = Yt/Lt, and is given by the production function10:

yt = a ln(kt + 1) (10)

Firms maximize pro…ts, taking wage rate wt, and the rental rate on capi-
tal, rt as given. They act competitively, hiring labour from the young cohorts,
and renting capital from the government or the private sector. Hence, the
equilibrium wage rate and the rate of return on capital, are equal to the
respective marginal products of labour and capital:

rt = f 0(kt) =
a

kt + 1
(11)

wt = f(kt) ¡ ktf 0(kt) = a
·
ln(kt + 1) ¡ kt

kt + 1

¸

It is helpful to note that y, k, r and w are uniquely and monotonically
related by the production function (10) and the marginal productivity con-
ditions (11). The market clearing condition will require that total investment
be equal to total savings including the public pension contribution, so:

Kt+1 ¡ Kt = Lt(st + dt) ¡ Kt

Where the left-hand side is the net investment and the right-hand side
is the net savings (saving of the young - dissaving of the old). Eliminating
Kt from both sides and with Lt+1 = (1 + n)Lt we can determine the capital
accumulation equation in terms of the capital-labour ratio:

kt+1 =
(st + dt)
(1 + n)

(12)

From (12) we can observe that the capital-labour ratio in period t + 1 is
determined by public and private savings in period t. Equation (12) repre-
sents the solution to the model in terms of dynamic behavior of the capital

10Note that for kt > 0, the production function respect the usual concavity assumption:
f 0(kt) = a

kt+1 > 0 and f 00(kt) = ¡( a
(kt+1)2 ) < 0.
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stock kt. In the next section we will derive from (12) the capital accumula-
tion equation kt+1 = f(kt) for a closed economy. The capital accumulation
equation is the relationship between kt+1 and kt that describes the path of
the capital stock. In the second stage we will analyze the e¤ect of the en-
vironment variable on capital accumulation. Finally in order to discuss a
full and analytical solution, we will present some numerical evaluation of the
capital accumulation equation.

4 Dynamics and Steady State in a close econ-
omy

We de…ne as a closed economy an economy where there is no trade between
the rest of the world and that economy. The capital stock is generated
internally and no capital ‡ows are allowed to enter or exit the economy. Also
the labour force is generated internally and there is no migration of workers
or retired people between countries. This will imply Mt = 0 all the time so
we can simplify (7) as:

et+1 = e ¡ $ ¡ β(kt) (7’)

Note that the value of kt is exogenous within the period because it has
been predetermined by the savings in period t¡ 1. This implies also that the
value of the enviroment variable et+1 is exogenous within the period.

4.1 Saving decisions
The lifetime allocation problem for the young person in a closed economy will
be to choose the total amount of saving st, so as to maximize the lifetime
utility function (5) subject to the income constraint (6), the government
budget constraint (4), and the value on the environment given by (7’). The
savings as a function of current income is:

st =
α

1 + α
wt ¡ ¹e ¡ $ ¡ βkt

(1 + rt+1)(1 + α)
¡ dt (13)
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1 > s0wt
> 0, s0rt+1

7 0(for ¹e 7 $ + βkt), s0¹e < 0, s0dt
= ¡1, s0k > 0, s0$ > 0

Using (13) we can easily see that st is increasing with respect to the
current wage, and with respect to the depletion of the environment given by
βkt and $. It is also decreasing with respect to the environmental endowment.
Note that in the case of a fully funded pension system private savings are
a perfect substitute for the contribution dt. Any increase in social security
saving, dt, is exactly o¤set by a decrease in private savings in such a way
that the total st + dt is constant.

st + dt =
α

1 + α
wt ¡ ¹e ¡ $ ¡ βkt

(1 + rt+1)(1 + α)
(14)

The sum st + dt represents the total savings of the private agents. It is
increasing to note that if the government imposes a public pension contribu-
tion dt 1 α

1+αwt ¡ ¹e¡$¡βkt
(1+rt+1)(1+α) , equation (14) does not hold and st = 011.

The economic intuition behind this is straightforward: social security con-
tributions provide a rate of return equal to the private saving ones; this
means that the consumer is, therefore, indi¤erent to who does the saving,
they care only about the rate of return; any change in the public pension
contributions will be fully balanced out by an equivalent increase/decrease
in private savings. If the government imposes a public pension contribution
dt above the optimal level de…ned in (14), than agents will avoid any kind of
private saving. In our analysis we assume that governments set each period
dt < α

1+αwt ¡ ¹e¡$¡βkt
(1+rt+1)(1+α) . This means that social security contributions do

not exceed the amount of savings that the economy would otherwise have
incurred.

4.2 Capital accumulation
We assume the supply of capital in period t is determined by the sum of total
saving decisions of the young, and the government in period t ¡ 1. We also
assume labour is supplied inelastically. The equilibrium in the capital/labour
markets is obtained when wage and interest rates are such that …rms use the

11That is the unusual case where only government provide public saving. The capital
accumulation equation in this case is simply determinate exogenously by the government.
kt+1 = (dt)

(1+n) .
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total amount of capital and labour disposable on the markets. The factor
market equilibrium is therefore given by equation (11). If we combine this
equilibrium together with the capital accumulation equation (12), and the
optimal saving decision equation of (13) we can derive the implicit function
of the dynamic behavior of capital-labour ratio for a closed economy:

kt+1 =
α

(1 + α)(1 + n)
a

·
ln(kt + 1) ¡ kt

kt + 1

¸
¡ ¹e ¡ $ ¡ βkt³

1 + a
kt+1

´
(1 + α) (1 + n)

(15)

Equation (15) states the relationship between kt+1 and kt that de…nes our
curve of capital accumulation for the economy. One important property of
this function depends on the derivative:

dkt+1

dkt
=

³
αkta

(kt+1)2
(1 + a

kt+1
)2 + β(1 + a

kt+1
)
´

(1 + α) (1 + n) (1 + a
kt+1

)2 + (¹e ¡ $ ¡ βkt)( a
k2t+1

)
(16)

The numerator of equation (16) is positive for every kt > 0; it is possible
to show also that the denominator is positive even when ¹e < $ + βkt . This
means that for kt > 0 ,dkt+1

dkt
> 0 so the capital accumulation equation given

by (15) is always increasing. At any point at which the capital accumulation
(15) crosses the 45-degree line at which kt+1 = kt there are steady state
points. To de…ne the nature of the steady state (stable/unstable) we need to
evaluate (16) at the point of steady state; for

¯̄
¯dkt+1

dkt
jkt+1=k

¯̄
¯ < 1, we will have

a stable steady state solution otherwise the steady state will be unstable.
Since analytical results in terms of stability of the steady state are hard

to obtain given the complexity of (15) and (16), the future analysis will be
carried out using numerical evaluation.

4.3 A numerical evaluation
Since our model is a very simpli…ed it is not our aim to provide realistic
quantitative estimates; but to derive more realistic results from the overlap-
ping generations model, we need to adopt empirically signi…cant parameter
estimates for the simulation analysis.
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4.3.1 The basic case

Using the famous empirical work of Romer, Mankiw and Weil (1992) we
set the technology coe¢cient of our production function (10) to a = 35012

. We assume a population growth n = 0.02513. We also assume the rate of
intertemporal substitution α = 0.95. Setting e = 0, $ = 0, β = 0 (14) we
get:

kt+1 =
α

(1 + α)(1 + n)
a

·
ln(kt + 1) ¡ kt

kt + 1

¸
(14’)

equation (14’) represents the dynamic solution for the basic model. In
this simple case since the environment variable is et+1 = 0 the environment
enters with a zero value in the utility function (5). The numerical evaluation
of (14’) brings us also to a unique equilibrium in steady state with a positive
capital stock. This solution is represented graphically in …gure 1 where the
ss represents the 45 degree steady state line. The path to the steady state
level depends upon the initial level of ko. The economy starts out at ko and
gradually moves towards the steady state capital stock. For example in the
case of k0 in …gure 1, the per-capita level of capital will gradually increase
to k¤, the opposite applies to a starting point like k00.

12In their work Romer, Mankiw and Weil using a sample of 22 OECD over the period
1960-80 estimated a value of the logoutput per working age income of ln(y) = 7.8. In our
model a = 350 is the value that allows our production function (10) to reach a steady
state at the same per capita income level.

13That is the value estimate in terms of Birth rate-Death rate by the Population Refer-
ence Bureau (http://www.prb.org) during the last 20 years in the more developed counties.
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Figure 1 Dynamic adjustment for the simplest case e=0,$=0,β=0

We next want to examine how the level of the steady state changes if we
specify speci…c values for e, and β.

4.3.2 The environmental endowment e

In …gure 2 we show the indications of (14) with three positive levels of endow-
ment of the environment ¹e, and keeping $ = 0, β = 0. Note that in this case
the value of the environment function (et+1 = e¡ $ ¡ β(kt)) is exogenous in
the model and is simple given by et+1 = e. Even this numerical solution gives
us a unique stable path for the capital accumulation equation (14), with a
positive level of capital in steady state. These di¤erent levels are represented
by the dotted lines. The continuous line is the same one examined in sec-
tion 4.3.1 with ¹e = 0, $ = 0, β = 0. It is immediately possible to observe
that the larger is the level of the endowment level of environment taken in
account in the saving decision, the lower is the level of the Steady State for
the economy. The economic intuition behind this is that: the environmental
resources are a substitute for the savings of retired people. The higher is the
environmental level, the lower is the incentive for each younger generation to
save. This obviously is re‡ected in a lower level of capital in Steady State.
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Figure 2 Dynamic adjustment for the cases e=0, e=250, ¹e=500, e=1000

4.3.3 The environment depreciation coe¢cient β

In …gure 3 we repeat the same experiment conducted for ¹e testing the e¤ect
of positive level of β on the steady state solution. Even in this experiment we
…nd that a positive level of β does not compromise the stability of the capital
accumulation equation. We tested three di¤erent levels of β and we observed
that the higher is the level of the environmental depreciation coe¢cient, then
the higher is the level of capital in steady state.

The economic reason for this arises because of coordination failure arising
when the younger generation make their own saving decisions. As we have
discussed in section 3.2, agents evaluate the variable et+1 as a function of kt

because they think that the level of kt+1 will not be a¤ected by their own
saving decision. Also the government with a pension system fully funded
and with dt < α

1+αwt ¡ ¹e¡$¡βkt
(1+rt+1)(1+α) is not able to a¤ect the overall saving

(dt + st)14.
If agents evaluate the variable et+1 as a function of kt, the value of et+1

is exogenous with respect to the period t (et+1 = e¡$ ¡β(kt)). We need to
remember from (12) that the value of the capital kt is determined by total
savings in period t ¡ 1. This implies that kt is exogenous with respect to the
period t.

Agents think that they cannot a¤ect the overall level of capital in the
next period, and consequently the value of the environmental variable (7’).

14See section 4.1
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Therfore to compensate for the loss arising from the lower level of the envi-
ronment, the typical agents will save more when young. In doing so they will
compensate for the loss in the environment with more consumption when old.
These factors will obviously result in a higher level of Steady State capital
as shown in …gure 3.

Figure 3 Dynamic adjustment for the cases β=0, β=250, β=500, β=1000

4.3.4 Some preliminary results

This section of the article has extended the analysis of macroeconomic al-
location of resources in a dynamic economy introducing an environmental
motive into the utility function. We can draw some stylized results from the
case observed.

=) The introduction of an environmental motive can shift down the
capital accumulation curve bringing about a lower level of capital stock in
Steady State.

=) Two countries with access to the same technology and same utility
functions, but with di¤erent levels of endowment of environment (¹e) have
two di¤erent capital accumulation curves, and two di¤erent Steady States.

=)The fact that individuals discount any impact that they individually
can have upon capital accumulation can result in a higher level of overall
saving. This is in order to compensate for the loss in utility arising from
lower environmental levels.

=) If we assume that agents are able to predict correctly the level of
capital in the next period, the …ndings in 3.3.3 can be reversed.15

15Due to space constraints we do not discuss this result. If we assume et+1 = e ¡
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5 A two country global-equilibrium model
In this Section we consider resource allocation in a two-country [Home and
Foreign (*)] overlapping generations model with free mobility of factors, and
free migration of labour and retired people16.

5.1 The two economies
We assume that these two countries at time t = 0 form a Community com-
prising only of two countries. The community as a whole is characterized in
the following way: First, we have free trading of goods and services. Second,
when integration takes place the two economies converge to a fully inte-
grated capital market with a unique interest rate rt and unique wage rate
wt. Thirdly, householders can freely migrate within the community.

Each country has access to the same production technology given in equa-
tion (10) but may be at a di¤erent stage of development. This means that
at the time of the integration, the two countries can have two di¤erent levels
of capital stock.

k0 1 k¤0 (17)

We also assume that residents of the two countries have identical loga-
rithmic preferences given by eq (5), and identical population growth rates
n = n¤. Regarding the environment function we assume that the countries
have the same environment function, but di¤erent endownments of environ-
ment. For this speci…c case we will assume that the foreign country has a
higher endownment.

¹e¤ < ¹e $¤ = $ β¤ = β (18)

If there were no integration between the two countries we would have two
di¤erent capital accumulation curves, and also two di¤erent levels of capital
stock in steady state, kSS > k¤SS

17. This is shown in Figure 5.

$
³

Rt+1§Mt+1
Rt+1

´
¡ β(kt+1) it is possible to show that for higher levels of β the capital

accumulation curve is shifted down to lower a level of capital stock in Steady State.
16See Obstfeld and Rogo¤ (1998) chapter 3.
17This is the case discussed in section 3.3.2 where we show that the higher the endowment

¹e the lower the Steady State kSS.
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Figure 5 Dynamic adjustment for the two counties without integration

5.2 The world competitive equilibrium
In this world comprising of two countries [Home and Foreign (*)], a com-
petitive equilibrium requires that each household resides in one of the two
countries, that markets clear, no household can make itself better o¤ by se-
lecting a di¤erent consumption bundle, or by locating in another jurisdiction,
and no …rms can make higher pro…ts.

5.2.1 Capital and labour market

With the Home and Foreign markets integrated by a world capital and labour
market, if labour and capital move in opposite directions this will equate at
time t = 0 the interest rate (rW

1 = r¤1 = r1) and the wage (wW
0 = w¤

0 = w0)
in both countries, so that kW

0 = k0 = k¤0.

rW
1 = r¤1 = r1 =

a
kW
0 + 1

=
a

k0 + 1
=

a
k¤0 + 1

(19)

wW
0 = w¤

0 = w0 = a
·
ln(kW

0 + 1) ¡ kW
0

kW
0 + 1

¸
= a

·
ln(k¤0 + 1) ¡ k¤0

k¤0 + 1

¸
=(20)

= a
·
ln(k0 + 1) ¡ k0

k0 + 1

¸
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kW
0 is the unique common capital-labour ratio across the two economies after

the integration has taken place. This implies identical production technolo-
gies, and is given by the endowment of the labour force and capital in the
two economies:

kW
0 = k0 = k¤0 =

K0 + K¤
0

L0 + L¤0
(21)

5.2.2 The environment function

In the context of open economies retired people can migrate across national
borders looking for better living conditions. We assume that governments
allow retired people to collect their full pension even if they move abroad.
According to our model economic integration implies that young agents will
also consider the possibility of moving abroad for the retirement period. This
possibility is implied in equation (2) when M 6= 0. If integration takes place
in period 0 and ¹e¤ > ¹e a competitive equilibrium requires that in period 1
we observe migration of retired people from home to abroad up to the point
where:

e¤1 = e1 = eW
1 = e ¡ $

µ
R1 ¡ M1

R1

¶
¡ β(kW

0 ) = e¤ ¡ $
µ

R¤
1 + M1

R¤
1

¶
¡ β(kW

0 )

(22)
Solving (21) with respect to M1 we can calculate the value of the migration

‡ow between the two countries:

M1 =
¹e¤ ¡ ¹e

R¤
1 + R1

R1R¤
1

$
(23)

Substituting (22) in (21) we can calculate the value of the global environ-
mental function that is given by:

eW
1 = e¤

R¤
t

R1 + R¤
t
+ e

Rt

Rt + R¤
t

¡ $ ¡ β(kW
0 ) (24)

Note that in the new world equilibrium the congestion coe¢cent $ does
not change. The new world equilibrium is a function of the population size
and the endownment of the environment of the two economies. At this
moment we can de…ne the endowment of environment of the world economy
such that:
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eW = e¤
R¤

t

R1 + R¤
t
+ e

Rt

Rt + R¤
t

(25)

for e¤ > e =) e¤ > eW > e

We assume now that at time 0, when economic integration takes place,
young people will have perfect expectations about future migration of retired
people, and will make saving decisions considering the new world level of envi-
ronment given in (23). At this point it is possible to de…ne the World Capital
accumulation function, that is represented in …gure 6. Since e¤ > eW > e the
new accumulation function lies between the home and the overseas function.

5.2.3 The Dynamics of equilibrium and Steady State in the global
economy

We are now in a position to characterize world equilibrium. In period 0
when the integration takes place movement of capital from home to abroad
and/or an opposite movement of labour will take place in order to balance
the capital-labour ratio according to equation (21)18, that is represented in
Figure 6. The home economy will move from point C up to B, and the
overseas one will move from A to B. Note that the bigger the gap between
the two economies in terms of the capital-labor ratio, the bigger the jump
that the two economies will make in period 0 to reach the world capital
accumulation curve. After period 0, the two economies will move across the
common World Capital accumulation curve up to the new Steady State kW

SS.
The world capital accumulation equation will be given by:

kW
t+1 =

α
(1 + α)(1 + n)

a
·
ln(kW

t + 1) ¡ kW
t

kW
t + 1

¸
¡

e¤ R¤t
R1+R¤t

+ e Rt
Rt+R¤t

¡ $ ¡ βkW
t³

1 + a
kW

t+1

´
(1 + α) (1 + n)

(26)
It is interesting to note that the new equilibrium in terms of the capital-

labour ratio will be smaller for the home economy and bigger for the foreign
one. Note also that the world equilibrium kW

SS does not depend upon the
starting points of the two economies. We would have the same result even

18No assumptions are made to specify how much capital, and how much labour needs
to move in order to reach the equilibrium.
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if k0 < k¤0, but it would depend upon the endowment of the environment ¹e
that a¤ects the saving decisions of the agents. The path of the capital-labour
ratio is also represented in the time-capital axis in …gure 7.

One criticism that can be made of this kind of solution is that at the
time of the integration (t = 0) the model implies a big shock in terms of the
capital stock for the two economies. Many people may think that even with
full mobility of capital and labour, it is unrealistic in the short run to have
that kind of shock. Actually the basic idea that we need to keep in mind is
that in a overlapping generation fashion, each period corresponds to the half
life of an individual, so one period in our model corresponds to many years
in the life of individuals.

Figure 6 Dynamic and Steady State of the world capital-ratio.

Figure 7 Dynamic path of the world capital-ratio.
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6 Conclusions
In this article we have analyzed the allocation e¤ects of an environmental
motive in a two country overlapping generation model. Our principal …ndings
have been the following:

1) Using a logarithmic production function and a log linear utility function
we …nd a unique stable path for the capital accumulation equation. Given
the shape of the capital accumulation curve, we also have a unique and stable
equilibrium for positive levels of the capital-labour ratio in Steady State.

2) An environmental motive in the saving decision shifts the capital ac-
cumulation curve, and also the steady state capital level down.

3) If young people think that they are no longer able to a¤ect the cap-
ital level in the next period, they will save more in order to balance with
consumption the loss in environment when they are old. This will raise the
Steady State capital level. If the young are conscious of the e¤ect of their
own saving decisions on capital, then the previous result can be reversed.

4) In a two-country integrated model di¤erent endownments of environ-
mental resources will activate ‡ows of migration between the two countries
such that the value of the environment function is the same in both countries.
This phenomenon will also modify the capital accumulation curve (and the
Steady State), for both countries.

5) The bigger the di¤erence in terms of the stage of development be-
tween the two countries that are going to integrate, the higher the shock
that economic integration will cause to the economies.

We now want to point out in an informal manner some generalizations as
well as limitations of our analysis. In the above idealized model, households
respond quickly to wage di¤erentials and immediately move to the country
o¤ering the highest salary. A natural objection to this would be that in
reality many people are immobile, i.e. they will stay at their original location
irrespective of wage di¤erentials. We admit, of course that a Spanish worker
is unlikely to move to Germany at once if he …nds wages to be in…nitesimally
higher there19. Yet, as the 21st century will probably become a ”century of
migration”, we also feel that this point should not be pushed too far. For our
results to hold qualitatively, it su¢ces if there are always some people who
consider moving location due to higher wages. It seems to be clear that the

19This is not least because there are transaction costs associated with moving to another
location.
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development of the Common Market, the single currency, and the formation
of a political union, will make EC residents even more mobile.
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