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1 Introduction
Social security systems are in focus due to undergoing demographic shifts, in
particular as a result of increasing longevity. According to UN forecasts (UN
(2004)), life expectancy in Western European countries is expected to rise on
average 0.2 years per year over the next 50 years. Most countries face the
challenge of how to exploit the opportunities arising from increasing longevity
and the implied increase in the share of old people in populations (see e.g. EU
(2006) and IMF (2004)).
Most countries have social security systems that do not include automatic

responses to changes in longevity. Therefore, political decisions are needed to
ensure the viability of the systems. Often, social security systems have given
statutory pension (and retirement) ages, and these age limits have remained
invariant (or have even in some cases declined) despite increases in longevity,
cf. figure 1. Moreover, most social security systems are of the defined benefit
type providing a given benefit (could depend on past earning and be indexed)
from the statutory pension age and until death, see e.g. Werding (2004), that
is, a life annuity is provided. It follows straightforwardly that the combination
of given statutory pension ages and benefits provided as life annuities lead to
financial problems if longevity increases.

Figure 1: Life expectancy and age of retirement

Males

55

60

65

70

75

80

85

1960 1970 1980 1990 1995 2003

Age

55

60

65

70

75

80

85

Age

Life expectancy at 60
Off icial pension age
Average retirement age

Females

55

60

65

70

75

80

85

1960 1970 1980 1990 1995 2003

Age

55

60

65

70

75

80

85

Age

Life expectancy at 60
Official pension age
Average retirement age

Note: Average for 20 OECD countries.
Source: Velfærdskommissionen (2005).

A highly topical policy issue is concerned with how to adapt the social se-
curity scheme to changes in the demographic composition and in particular to
the increase in longevity. This issue is debated widely in most countries, and
some countries have already undertaken some reforms. Recent reforms or re-
form proposals in e.g. US, UK, Germany etc. implies that both pension ages

2



and contribution rates are going to increase. One interesting aspect is that some
recent reforms have explicitly made the properties of the social security system
contingent on longevity, either by adjusting benefits to longevity1 or by making
eligibility ages dependent on longevity. Examples of the former23 are found in
e.g. Sweden, Italy, Poland and Latvia, and the latter in Denmark.
There is a voluminous literature on social security schemes, but, surprisingly,

the issue of longevity has not attracted much attention (see however Auerbach
and Hassett(2004a,b) and Andersen (2005)). The debate has mainly centred
on the implications of an increase in the dependency ratio driven by more old
relative to young (change in fertility). While this is also an implication of
increases in longevity, it is important to be explicit about the reason for the
increase in the dependency ratio4. When the dependency ratio increases due
to longer longevity, it is an implication that the marginal utility of a given
present value of benefits increases (the money has to be spent over a longer
period) and disutility of work decreases (ceteris paribus the retirement period
becomes longer), see Andersen (2005). Hence, the question of how to adjust
the properties of the social security scheme - contribution rates, benefits and
retirement age - to changes in longevity is not trivial (see also Mulligan and
Xala-I-Martin(2003,2004a)).
The political economy literature on social security systems has mainly fo-

cused on the fact that demographic changes may have a direct influence on
the political balance by changing the relation between old and young voters,
see Galasso and Profeta (2002) and Mulligan and Xala-I-Martin (2004b) for
surveys. The larger part of the literature has addressed one-dimensional so-
cial security systems with a transfer from young to old. However, most social
security systems stipulate transfers as a life annuity from a given statutory
pension/retirement age (see Werding (2004), and Mulligan and Xala-I-Martin
(2004b)). It is therefore important to allow for policy reforms changing both
the benefit rates and retirement ages for the old alongside contributions made
by the young. Another branch of the literature has focused on early retirement
schemes (see e.g. Conde-Ruiz and Galasso (2003,2004) and Cremer, Lozachmeur
and Pestieau (2006)), which is an important issue in many countries. Early re-

1 In an actuarial system, the benefit level would of course adjust to the period over which
the funds are to be distributed.

2Note that Germany has introduced a sustainability factor where benefit levels are made
dependent on the dependency ratio.

3This is in the form of a so-called notional defined contribution scheme, see e.g. Börsch-
Supan (2004). This scheme is characterized by pension rights being accumulated in a notional
way based on individual contributions, but the actual pension benefits are determined on a
PAYG basis but proportional to individual rights. In calculating the benefit, there can be
some adjustment for e.g. longevity as in e.g. the Swedish case.

4The other main reason for an increase in the dependency ratio is the trend decline in
fertility, i.e. high fertility in the 1940s and 1950s and lower fertility in subsequent periods.
Adaptation of the social security system to the change in fertility is a backward looking
problem, since the changes in fertility cannot be undone. The changes caused by longevity
are forward-looking in the sense that this relates to an ongoing process. Note that an increase
in fertility would not directly remedy the consequences of increasing longevity. The reason is
that new-borns also will have a long life-expectancy.
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tirement schemes relate to heterogeneity across people in respect to earnings
ability, health etc. In the present paper, attention is focused on longevity and
therefore all agents are assumed identical. However, longevity may be related
to various socio-economic variables5 and therefore an important question for
future research is how this affects the need for early retirement schemes.
The purpose of this paper is to consider the implications of changes in

longevity in a social security system of the pay-as-you-go type. The main in-
terest here is to consider how the system would be adjusted in terms of the
three dimensions - contributions, benefits and retirement ages. In addressing
this question, a simple OLG model allowing for both changes in longevity and
differences in longevity across generations is used.
The approach taken here is to view the social security system as the outcome

of a legislative procedure among all living generations (see Hansson and Stuart
(1989)). That is, all living generations at a given point in time have an influence
on the properties of the social security system, and future generations may
change the system according to their preferences. It is assumed that a unanimity
requirement applies6. The reason for adopting this approach is first that it
captures the fact that all living agents (old and young) can have a common
interest in adopting a social security system of a PAYG nature (see Hansson
and Stuart (1989)), even under a decision procedure providing the young with
a veto power7. Moreover, in the present context, the results are not simply
driven by increased longevity changing the political balance between young and
old voters gradually over time (with increasing longevity the share of old to
young individuals will rise over time). The results are thus not driven by old
generations becoming a more powerful group (see IMF(2004)). Finally, the
approach taken here has the advantage that it considers social security schemes
which can be implemented, rather than focussing on the social optimal scheme.
As shown, it is, however, possible to interpret the utilitarian social optimum as
a special case of the framework used.
This paper is organised as follows: Section 2 develops the OLG model used

in the analysis, and section 3 shows how the properties of the social security
system are decided under the legislative approach. Section 4 explores how the
properties of the social security system - contributions, benefits and retirement
age - depend on the longevity of different generations. Section 5 concludes and
offers some policy conclusions.

5Empirical evidence shows that there are such differences, but also that the increase in
longevity is more or less proportional across groups, except for groups with severe health
problems, cf Velfærdskommissionen (2006).

6Azariadis and Galasso (2002) show that a constitutional rule granting veto power to
minorities is equivalent to a precommitment. Therefore, it eliminates indeterminacies and
inefficiencies.

7The mechanism sustaining the scheme is that each generation saves less to force later
generations with some altruism to make transfers to the older generations.
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2 Overlapping generations model - variable life
time and endogenous retirement8

Consider an economy with access to an international capital market offering a
risk-free asset with return r, which for simplicity is assumed constant throughout
time.
Agents live through two life phases, one denoted young and the other old.

Fertility and thus the number of new borns is constant, but longevity may
change. The first phase has a given length normalized to unity, while the second
has length β (≤ 1). A change in longevity is thus a change in β.
Denote the generation being young in period t as generation t. In youth

they work and enjoy consumption c1t, yielding utility9

u(c1t) u0 > 0, u00 ≤ 0

Disutility of work during youth is constant and therefore disregarded to simplify
the exposition.
In the second period of life, agents of generation t are alive for a period of

length βt+1 (the total length of the period being normalized to one, βt+1 ≤ 1),
and they work a fraction of this period αt+1 (≤ βt+1). The retirement period is
thus βt+1 − αt+1. To simplify, it is assumed that life length is deterministic10 .
The marginal product of labour is constant and the same for young and old
workers, and for simplicity normalized to unity. The labour market is assumed
competitive, and the real wage is normalized to equal one.
Total consumption as old is c2t+1 yielding a consumption stream of

c2t+1
βt

, im-
plying that the utility from consumption in the old phase of life is (see Auerbach
and Hassett (2002a,b))

βtu(
c2t+1
βt

)

Note that this specification implies that agents value long life time ceteris
paribus, but the utility function implies a trade-off between longevity and con-
sumption.11

Disutility of work as old is given as

αtv

µ
αt
βt

¶
; v0 > 0, v00 > 0, lim

α−→β
v0 =∞

Hence, the usual convexity of the disutility of work is assumed, and the last
condition ensures that there always is some "retirement" period (α < β). For

8This section builds on Andersen (2005).
9Note that the utility function is assumed to be the same across generations.
10 Individual uncertainty around a given generational mean can easily be incorporated by

also allowing an annuities market, see e.g. Yaari (1965).
11 It could be argued that preferences are lexicographic, i.e. longevity is evaluated above

material consumption flows.
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later reference it is useful to define the marginal disutility of work (retirement)
as old by

η

µ
αt
βt

¶
≡ ∂

∂α

µ
αtv

µ
αt
βt

¶¶
= v(

αt
βt
) +

αt
βt

v0(
αt
βt
)

where η0 = 2v0 + α
β v

00 > 0, n00 = 3v00 + α
β v

000 R 0. Note that for α
β sufficiently

large it follows that (given that limα−→β v
0 =∞) v000 > 0.

Direct utility to the generation being young in period t is thus

Vt(c1t, c2t+1, αt+1, βt+1) = u(c1t)+
1

1 + θ

·
βt+1u(

c2t+1
βt+1

)− αt+1v

µ
αt+1
βt+1

¶¸
(1)

where θ is the subjective discount rate. Note that V 0
c1 > 0, V

0
c2 > 0, V

0
α < 0, and

V 0
β Q 0.
Assume that each generation has a concern - altruism - with respect to other

generations such that the objective or political preference function for the period
t young reads

Wt = Vt−1(c1t−1, c2t, αt, βt)
1

(1 + ρ)
+ Vt(c1t, c2t+1, αt+1, βt+1) (2)

+
∞X
i=1

[1/ (1 + δ)]i Vt(c1t+i, c2t+i+1, αt+i+1, βt+i+1)

where the utility of current old is discounted by the rate ρ, and the utility of
future generations is discounted by δ, which may possibly differ from ρ. That
is, the first term in (2) is the influence the utility of the current old has on the
young, the second term is the direct utility to the young generation, and the
final term captures the influence of the utility to future generations. Note also
that the utilitarian case arises as the special case where both ρ and δ are equal
to zero. Alternatively, the parameters ρ and δ can be interpreted as capturing a
political bias away from the utilitarian case. The higher ρ, the less the concern
for the current old, and the higher δ, the less the concern for future generations.
Hence, ρ and δ can be interpreted as a measure of the degree of egoism or
altruism — if equal to zero we have the altruistic case, if equal to infinity we
have the egoistic case.
Inserting the utility function (1) in (2), we get that the political preference

function for the generation being young in t reads

Wt =

·
u(c1t−1) +

1

1 + θ
Et

·
βtu(

c2t
βt
)− αtv

µ
αt
βt

¶¸¸
1

(1 + ρ)

+

·
u(c1t) +

1

1 + θ
Et

·
βt+1u(

c2t+1
βt+1

)− αt+1v

µ
αt+1
βt+1

¶¸¸
(3)

+
∞X
i=1

[1/ (1 + δ)]i
·
u(c1t+i) +

1

1 + θ
Et

·
βt+i+1u(

c2t+i+1
βt+i+1

)− αt+i+1v

µ
αt+i+1
βt+i+1

¶¸¸
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No social security
For later reference it is useful to consider the special case where there is no

social security scheme and thus no mechanism for intergenerational transfers
(bequests are ruled out). Alternatively, this may be interpreted as the limiting
case with egoistic young generations (δ = ρ→∞). It is straightforward to show
that the individual’s decision making implies the following first order conditions

u0(c1t) =
1 + r

1 + θ
u0(

c2t+1
βt+1

) (4)

u0(
c2t+1
βt+1

) = η

µ
αt+1
βt+1

¶
(5)

where (4) determines the allocation of consumption between the life phases
of young and old, and (5) determines the retirement as old.

3 Social security
Consider next the presence of a social security scheme of a PAYG type. It is
assumed that the introduction and properties of such a scheme are decided in
a political process according to the legislative approach proposed by Hansson
and Stuart (1989). This implies that all living generations have an influence
on the social security scheme, and they all have a veto power. While this may
seem a restrictive way of modelling the political process, it has the advantage
of identifying schemes which can always be implemented.
Specifically, we consider the choice of the properties of a social security

scheme belonging to the following family where the old in period t+ 1 receives
a transfer

τ t+1
¡
βt+1 − αt+1

¢
(6)

The transfer is proportional with the factor τ t+1 to the retirement period
(βt+1 − αt+1) where αt+1 is the retirement age stipulated in the social security
scheme. Note that the interpretation is that the transfer is paid from retirement
at age αt+1 for the remaining life time (life annuity). The parameters of the
scheme are thus the benefit ratio τ and the retirement age α. The transfer to
the old is financed in a lump sum fashion by the young.
The reason for considering this particular social security scheme is twofold.

First, it replicates, to a first order approximation, the social security scheme in
many countries. Second, it is very difficult to solve in general for the optimal
structure of the social security scheme.
Under the social security scheme the budget constraints of young reads

c1t + st = 1− Tt (7)

where s denotes savings, and T the lump sum tax. Consumption as old in period
t+ 1 is

c2t+1 = αt+1 + (1 + r)st + τ t+1
¡
βt+1 − αt+1

¢
(8)
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Note that the benefit ratio becomes an implicit tax on the retirement decision
since

∂c2t+1
∂αt+1

= 1− τ t+1 < 1

The budget constraint for the social security scheme (PAYG) reads

Tt = τ t (βt − αt) (9)

The solution procedure is to consider the decision taken by young and old
generations alive at a given period in time on the properties of the social security
scheme and savings, i.e. (τ , α, s). Decisions made by previous generations are
taken as given. In the same way, later generations will decide on the social secu-
rity scheme. The objective is to find a scheme which future generations will not
amend. The approach taken ensures that the choice of (τ , α, s) for the introduc-
ing generation is a sub-game perfect equilibrium, i.e. sustained by subsequent
generations.

Designing social security
The procedure is first to consider the optimal design of the social security

system from the point of view of generation t − 1, i.e. the old generation in
period t (see Hansson and Stuart (1989)). The optimal choice of (τ t, αt) is
determined by the first order conditions (note that savings are predetermined
as young)

u0(
c2t
βt
)(βt − αt) = u0(c1t)

1

(1 + δ)
(βt − αt) (10)

η

µ
αt
βt

¶
= (1− τ t)u

0(
c2t
βt
) +

1

(1 + δ)
τ tu

0(c1t) = u0(
c2t
βt
) (11)

and the choice of (τ t+j , αt+j , st+j−1) for any j > 0 is determined by

u0(
c2t+j
βt+j

)(βt+j − αt+j) = u0(c1t+j)
1

(1 + δ)
(βt+j − αt+j) (12)

η

µ
αt+j
βt+j

¶
= (1− τ t+j)u

0(
c2t+j
βt+j

) +
1

(1 + δ)
τ t+ju

0(c1t+j) = u0(
c2t+j
βt+j

) (13)

u0(c1t+j−1) ≥ 1 + r

1 + θ
u0(

c2t+j
βt+j

) and st+j−1

µ
u0(c1t+j−1)− 1 + r

1 + θ
u0(

c2t+j
βt+j

)

¶
= 0

(14)
For generation t the optimal choice of (τ t, αt) is determined by the foc

u0(
c2t
βt
)(βt − αt)

1

1 + ρ
= u0(c1t)(βt − αt) (15)

η

µ
αt
βt

¶
1

1 + ρ
= (1− τ t)u

0(
c2t
βt
)
1

1 + ρ
+ τ tu

0(c1t) = u0(
c2t
βt
)

1

1 + ρ
(16)
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while (12),(13) and (14) apply for all j > 0.
Note that when (τ t, αt) are fixed, generation t− 1 and t will find the same

sequence of (τ t+j , αt+j , st+j−1) to be optimal (j > 0). The properties of the
social security scheme will be taken as exogenous to the individual, implying
that condition (14) holds. No future generations will be able to amend the law.
The reason is simple; the conditions for optimality for the old generation are
precisely (12),(13), and the old generation can therefore block any proposed
legislative change, which means that the law is never amended (Hansson and
Stuart (1989)).
The key to the existence of social security is thus that the founding genera-

tions are better off than in the case of no social security system and that there is
no scope for any further Pareto improving transfers between the founding gen-
erations. For a demonstration that an equilibrium with social security exists,
see Hansson and Stuart (1989).
The distributional conflict between the founding old and young generation

is easily seen by noting that (10) and (15) present the view of the current old
on the distribution between old and young as determined by

η

µ
αt
βt

¶
= u0(

c2t
βt
) =

1

1 + ρ
u0(c1t)

while (11) and (16) give the view of the current young on the distribution
between old and young.

η

µ
αt
βt

¶
= u0(

c2t
βt
) = (1 + ρ)u0(c1t)

Hence, the generation being old in period t aims at c2t
βt

> c1t, while the
young holds the opposite view, c2tβt < c1t. It is implied that the young finds that
the old should retire (αtβt higher) later than is believed by the old themselves.
Note that this conflict creates an ambiguity wrt to the allocation between

young and old for the founding generation. But this ambiguity only applies to
the introductory period and does not arise for subsequent periods. In all subse-
quent periods, the social security scheme is determined by (15),(13) and (14). In
the following, the introductory period is not discussed further.

Transfers and retirement age
It is an implication - cf (15)- that the relation between marginal utility of

young and old co-existing in any period of time is

u0(
c2t+j
βt+j

) = u0(c1t+j)
1

(1 + δ)
(17)

For δ > 0 this implies that the marginal utility of consumption for old exceeds
the marginal utility of consumption for young, i.e. young people have larger
consumption than old people.

c2t+j
βt+j

< c1t+j (18)

9



As long as young individuals save it also holds that

u0(
c2t
βt
) = u0(c1t)

1

(1 + δ)
=

1

(1 + δ)

1 + r

1 + θ
u0(

c2t+j
βt+j

) (19)

i.e. for 1
(1+δ)

1+r
1+θ < 1 it follows that the marginal utility of consumption for old

is increasing from generation to generation, i.e. the consumption flow is falling.

c2t
βt

>
c2t+j
βt+j

for st > 0

It is shown in the appendix that savings will converge to zero in finite time,
cf Hansson and Stuart (1989).
Finally, note that at the margin there is no distortion of the retirement deci-

sion, cf ((13), i.e. the retirement age chosen as part of the social security scheme
is in accordance with the first best criterion in the absence of a social security
system (5). The fact that a mandatory retirement age is stipulated as part
of the social security schemes thus ensures that the potential distortion of the
retirement decision implied by the implicit tax on postponement of retirement
is eliminated.
Note that it is an implication that as long as (19) holds it follows that

η

µ
αt
βt

¶
1

(1 + δ)

1 + r

1 + θ
= η

µ
αt+1
βt+1

¶
implying that

αt
βt

<
αt+1
βt+1

for st > 0

This implies that younger generations enjoy a relatively longer retirement period
than later generations.
The solution implied by (15),(13) and (14) for all j > 0 has two impor-

tant properties. The first is that the degree of egoism/altruism measured by δ
determines the relation of e.g. consumption between young and old. Second,
the underlying distribution profile is determined by marginal utilities, that is,
resources are allocated across generations based on marginal utilities. If old
generations have low income, and therefore low consumption, marginal utility
of consumption will be high, and this tends to call for redistribution from the
young to old. In relation to this, when marginal utility of consumption is high
for the old, they tend to retire late and therefore to have a high disutility of
work (retirement). By redistributing from the young to the old, it is an im-
plication that this will also result in earlier retirement. Hence, redistribution
between generations runs via both consumption and retirement possibilities.
These mechanisms are important when there are exogenous changes such as
a changes in longevity, cf below. Observe that since longevity is assumed de-
terministic, it follows that the conditions here determine how the properties
of the social security schemes (contributions, benefits and retirement age) are
contingent on the longevity of different generations.

10



4 Changes in longevity
The interesting question here is how the social security scheme is adapted to
changes or differences in longevity across different generations. The empiri-
cally relevant case is where longevity increases (βt+1 > βt), and therefore the
interpretation of the results refers to this case.

Indexing on longevity is not sustainable
To set the scene for the discussion of how the properties of the social security

system are adjusted to changes in longevity, it is important to note a basic non-
neutrality result which follows from simple budgetary reasons. Consider a given
allocation where the young consume c1t+j , and the old have a consumption flow
( c2t+jβt+j

) and a relative retirement age (αt+jβt+j
). Then if longevity (βt+j) changes,

it is not feasible to have an allocation where i) the young have the same con-
sumption (c1t+j), and ii) the old have the same consumption flow (

c2t+j
βt+j

) and

relative retirement age (αt+jβt+j
). To prove this, note that the aggregate resource

constraint reads
1 + αt+j = c1t+j + c2t+j

or rewritten in terms of consumption flows ( c2t+jβt+j
) and relative retirement (αβ ),

we have

c1t+j = 1− βt+j

·
c2t+j
βt+j

− αt+j
βt+j

¸
i.e. the consumption of the young is equal to their income (notice that labour
supply for the young is normalized to unity as is the real wage rate) minus
the longevity of the old times the difference between the consumption and in-
come for the old. It follows that if transfers are made to the old generation
( c2t+jβt+j

− αt+j
βt+j

> 0), then (c1t+j ,
c2t+j
βt+j

,
αt+j
βt+j

) cannot all be invariant to longevity

(βt+j). The important policy implication of this result is that a simple pro-
portional indexation of total consumption as old (c2t+j) and the retirement age
(αt+j) to longevity (βt+j) - implying a constant consumption flow c2t+j

βt+j
and

relative retirement age αt+j
βt+j

- is not a sufficient adjustment of the social secu-
rity scheme to a change in longevity. Clearly, this result does not rely on any
specificities of the model, but follows from basic budget mechanisms. Hence,
the problem of how to adjust the social security system to increasing longevity
cannot simply be solved by indexing key parameters of the social security sys-
tem to longevity. More complicated distributional issues are involved. It is
therefore of interest to explore how the dimensions of the social security sys-
tem are adapted to changes in longevity. We now turn to the predictions im-
plied by the legislative approach to the political process assumed in this paper.

Political equilibrium
The basic direction of changes implied by changes in longevity is determined
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by (13) and (14) implying that

sign

µ
∂c1t+j
∂βt+j

¶
= sign

Ã
∂
c2t+j
βt+j

∂βt+j

!
= −sign

Ã
∂
αt+j
βt+j

∂βt+j

!
(20)

i.e. a change in longevity implies a change in consumption of young and old
in the same direction, and the relative retirement age moves in the opposite
direction. This accords with the remarks made above on the role of marginal
utilities in determining the extent of redistribution across generations. If con-
sumption opportunities fall (increase), there is a case of sharing the fall across
both young and old generations to avoid differences (beyond those caused by
the degree of egoism/altruism) in marginal utilities. Likewise, if consumption
falls for old and the marginal utility of consumption thereby increases, there is
a case for increasing the relative retirement age, and vice versa.
More specifically, it can be shown12 that

∂c1t+j
∂βt+j

< 0,
∂
c2t+j
βt+j

∂βt+j
< 0,

∂
αt+j
βt+j

∂βt+j
> 0

Hence, an increase in longevity causes a decrease in consumption for both young
and old, and the old retire later. The current generation - the young - thus
accepts lower consumption (higher contributions) when the old experience an
increase in longevity, i.e. they accept sharing some of the financial burden13.
The reason is straightforward; an increase in longevity will - other things being
equal - lower consumption as old and therefore increase the marginal utility of
consumption. Therefore, there is always an incentive to distribute in favour of
generations with longer longevity. Considering the retirement age, it is an im-
plication that it increases both absolute and relative to longevity (αβ increases),
and this is an obvious implication of the fact that marginal utility of consump-
tion increases. Note that although the relative retirement age increases, this is
not necessarily implying that the absolute retirement period falls, since we have

∂
¡
βt+j − αt+j

¢
∂βt+j

= 1− αt+j
βt+j

−
∂
αt+j
βt+j

∂βt+j
Q 0

Note that the adjustment of consumption across young and old is not in
general proportional. This is seen by using (17) implying that

Ξ c2t+j
βt+j

,βt+j
=
Ξu0,c1t+j
Ξ
u0,

c2t+j
βt+j

Ξc1t+j ,βt+j

12First, note that the resource constraint implies

∂c1t

∂βt
= − c2t

βt
− αt

βt
− βt

∂ c2t
βt

∂βt
−

∂ αt
βt

∂βt

The proof runs by contradiction. Assume that
∂
αt
βt

∂βt
< 0, and hence

∂
c2t
βt

∂βt
> 0, ∂c1t

∂βt
> 0 from

(20). However, the relation above implies ∂c1t
∂βt

< 0, and hence a contradiction.
13Note that this also holds for the founding generation.
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where Ξx,y denotes the elasticity of x wrt. y. Hence, the consumption of current
young may adjust by more or less than for the old when longevity changes. This
depends on the relative risk aversion, i.e. the sensitivity of marginal utilities
to changes in consumption. Only in the limiting case of constant relative risk
aversion (Ξu0,c1 = Ξu0, c2tβt

=constant) is the consumption adjustment for young
and old proportional.
Similarly, it follows that the adjustment of the relative retirement age may

differ from that of the adjustment in consumption since

Ξαt+j
βt+j

,βt+j
=
Ξ
u0,

c2t+j
βt+j

Ξ
η,
αt+j
βt+j

Ξ c2t+j
βt+j

,βt+j

An interesting question is how the benefit ratio (τ) is adjusted. Generations
are sharing a consumption adjustment, but the old generation is retiring later.
We have from the budget constraint that the benefit ratio is given as

τ t+j =

c2t+j
βt+j

− αt+j
βt+j

1− αt+j
βt+j

and it follows that the benefit ratio is decreasing in longevity14, i.e.

∂τ t+j
∂βt+j

=

³
1− αt+j

βt+j

´
∂
c2t+j
βt+j

∂βt+j
− (1− c2t+j

βt+j
)
∂
αt+j
βt+j

∂βt+j³
1− αt+j

βt+j

´2 < 0

The benefit ratio is thus lower the larger the longevity. However, note that
the current young share the consequences of the increase in longevity in the
form of low consumption, and therefore the gross transfer from young to old is
increasing in longevity, i.e.

∂Tt
∂βt

= −∂c1t+j
∂βt+j

> 0

Hence, although the benefit ratio is decreased and the retirement age in-
creased, the net effect is that young transfer more to old with longer longevity.
In sum, we find that the social security scheme is adjusted in all three dimensions
- contribution rate for the young increases, the benefit ratio for the old decreases,
and the retirement age increases (more than proportionally to longevity).

5 Concluding remarks
The adaptation of the social security system to changes in longevity has been
considered in a basic OLG framework. A key finding is that a proportional

14Note that
c2t+j
βt+j

< 1. This follows by observing that
c2t+j
βt+j

> 1 leads to a contradiction

since c1t+j >
c2t+j
βt+j

, cf (18), which will violate the aggregate resource constraint.
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indexation of benefits and retirement ages to longevity is not ensuring viability
of the social security system, and therefore more difficult political choices are
involved. These issues have been addressed by following the legislative approach
which has the attraction that it allows for an analysis of welfare improving
social security schemes which can actually be implemented and supported by
a fairly simple political decision structure. Once in place, there is no incentive
for future generations to amend the social security scheme, but its properties
(contributions, benefits and retirement age) are contingent on longevity.
The main interest has been to explore how the properties of social security

depend on longevity. The concern of current generations as regards past and
future generations which, in the first place, can rationalize why a social security
scheme can be implemented also implies that all living generations share the
adjustment burden arising due to increasing longevity. Hence, even though
current old would benefit directly from longer longevity, they also receive a larger
transfer from the young, i.e. the current young accept lower consumption when
the old have longer longevity. The basic reason is that with larger longevity
the marginal utility of consumption for the old increases, and this tends to
increase the transfer to the old. However, the benefit ratio also decreases, and
the retirement age increases. The latter reflects that the old also participate in
"financing" longer longevity by relatively later retirement.

Appendix
From (19) we have when consumption is positive that

u0(
c2t
βt
) =

1

(1 + δ)

1 + r

1 + θ
u0(

c2t+1
βt+1

)

where 1
(1+δ)

1+r
1+θ < 1. Using this and (4) we also have

u0(c1t) =
1

(1 + δ)

1 + r

1 + θ
u0(c1t+1)

hence, u0(ct+j) and u0( c2t+jβt+j
) must go to ∞ for j going to ∞. This implies that

ct+j and
c2t+j
βt+j

go to zero.
The budget constraint implies

st+j − (1 + r)st+j−1 = 1− c1t+j + c2t+j

hence st+j must go to ∞ for j going to ∞. This contradicts st+j ≤ 1. Hence,
a contradiction and st+j = 0 for some j > 0.
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