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Summary

CollecƟve pension contracts can generate advantages for their
parƟcipants by implemenƟng forms of risk sharing. To ensure the
conƟnuity of a collecƟve scheme, it has to be monitored whether
the contracts offered to parƟcipants are financially fair in terms of
their market value. When risk sharing is implemented by means of
opƟonaliƟes such as condiƟonal indexaƟon, the analysis of
financial fairness is not straighƞorward. In this paper, we use a
stylised overlapping generaƟons model to study financial fairness
for a condiƟonal indexaƟon scheme. We find that financial fairness
for all parƟcipants at all Ɵmes is not feasible within a scheme of
this type. However, financial fairness for incoming generaƟons at
the moment of entry can be realised. We show how to compute
the fair contribuƟon rate as a funcƟon of the current nominal
asset/liability raƟo for a given level of nominal enƟtlements. At low
levels of the raƟo, the fair contribuƟon for incoming generaƟons is
also relaƟvely low; nevertheless, the joining of a new generaƟon
sƟll has a posiƟve effect on the asset/liability raƟo.
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υ. IntroducƟon

Improved mortality and increasing uncertainty about investment
returns have led to the closure of many tradiƟonal defined benefit
(DB) pension schemes. As an alternaƟve, defined ambiƟon
schemes (DA) have been suggested, for example in the
Netherlands. While in tradiƟonal DB schemes certain annuity
levels were guaranteed subject to the pension plan or the
employer remaining solvent, the annuity levels of DA schemes
represent a target or an ambiƟon, rather than a guarantee. For a
more detailed discussion of the DA scheme in the Netherlands, see
for example, Bovenberg et al. [φτυω].

A characterisƟc of DA schemes is the presence of more or less
complex rules for adaptaƟon of benefit payments and accrual of
pension rights to changing circumstances, arising for instance from
fluctuaƟons in investment returns or from revisions of mortality
forecasts. In this way, DA schemes implement forms of
intergeneraƟonal risk sharing. Discussions of various schemes in
the literature include Gollier [φττό], Dai and Schumacher [φττύ],
Cui et al. [φτυυ], Kleinow [φτυυ], and Bovenberg and Mehlkopf
[φτυψ].

The sustainability of collecƟve pension schemes hinges on the
willingness of all involved stakeholders to conƟnue their
parƟcipaƟon. As pointed out by Bovenberg et al. [φττϋ], it may not
be aƩracƟve for new generaƟons to enter an exisƟng fund when
the fund is running a deficit. Of course, whether or not incoming
generaƟons do have a moƟve to refrain from parƟcipaƟon
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depends on the rules of the pension scheme. In this paper, we
analyse the parƟcipaƟon constraint in the context of a parƟcular
type of schemes known as condiƟonal indexaƟon schemes.

Contrary to Beetsma et al. [φτυφ], our definiƟon of the
parƟcipaƟon constraint is in terms of market value rather than in
terms of uƟlity. In other words, we consider the open market as an
alternaƟve to parƟcipaƟon in the collecƟve. A generaƟon that
enters a collecƟve scheme with specified rules effecƟvely acquires
a conƟngent claim. The only conƟngencies that can affect the
payoffs relate to events that occur between the Ɵme at which the
generaƟon enters the system and the Ɵme of its death; indeed,
events that occur earlier are not conƟngencies, and events that
occur later cannot be taken into account. Financial contracts that
depend on events that take place during the generaƟon's lifeƟme
are also offered in the open market. If a generaƟon does not get a
"fair deal" on a market-value basis in the collecƟve scheme (that is,
if the market-consistent value of the conƟngent claim that the
generaƟon receives from the scheme is less than the
market-consistent value of the contribuƟons that are charged),
then, under sufficient market completeness, it could achieve
higher uƟlity by making use of suitable financial instruments that
are traded in the open market.

In debates on pension reform, different opinions can be heard
on whether such market completeness is indeed present. Market
fricƟons reduce the threat of deviaƟons from market consistency
to the conƟnuity of schemes that are well designed in terms of
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uƟlity improvement. DeviaƟons that are too large, however, would
endanger sustainability. A certain "tolerance band" might be
idenƟfied, but in this paper we will sƟck to strict financial fairness
in market-value terms. We will work under the tacit assumpƟon
that, from a uƟlity point of view, parƟcipaƟon in the scheme that
we consider is sufficiently aƩracƟve to successive generaƟons. This
assumpƟon allows us to avoid explicit modelling of preferences.

In the design of risk sharing systems over Ɵme, the constraints
imposed by incoming parƟcipants are not the only ones to be
taken into account. There is a rich literature on the condiƟons for
conƟnued risk sharing in overlapping generaƟons models applied
to financial intermediaƟon, starƟng from Diamond and Dybvig
[υύόχ]. Here we consider the interests of three parƟes: incoming
generaƟons, incumbent generaƟons, and an infinitely-lived
sponsor. We derive the consequences of financial fairness for each
of these stakeholders.

In order to analyse financial fairness, one must specify the rules
of the scheme that is considered. In this paper we focus aƩenƟon
on condiƟonal indexaƟon (CI) schemes. In such schemes, pension
benefits are subject to an indexaƟon funcƟon which refers to an
exogenous index such as inflaƟon or a salary index, but which also
depends on the solvency of the fund: if the asset/liability raƟo is
low, there will be no or liƩle indexaƟon, or, in some cases,
promised pensions might be reduced.

In the CI scheme that we assume, pension benefits are regularly
adjusted by a factor consisƟng of an exogenous index mulƟplied by
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a CI funcƟon which depends on the nominal asset/liability raƟo of
the pension fund. The nominal asset/liability raƟo, or the nominal
funding raƟo as we shall call it, is defined as the raƟo of assets to
nominal liabiliƟes, that is, liabiliƟes without taking uncertain future
indexaƟon into account. This contrasts with what might be called
themarket-consistent funding raƟo, which is the raƟo of assets to
the market value of liabiliƟes, given the rules of the indexaƟon
scheme. For the nominal funding raƟo only the accrued benefits
for exisƟng members are relevant, while potenƟal increases of
those benefits in the future are ignored.

Using an overlapping generaƟons model, we find that the value
of benefits promised to a new generaƟon depends on the
contribuƟon that this generaƟon makes to the assets of the fund.
However, it is also necessary to consider the unknown
contribuƟons that future generaƟons will make. Therefore, the
valuaƟon of promised benefits in a CI pension scheme turns out to
be a non-standard opƟon pricing problem with two major
complicaƟons: the premium itself has an impact on the payoff, and
the premium paid by future generaƟons affects the payoff as well.
In this respect, our approach is different from the approach used
by De Jong [φττό]. De Jong does not consider the feedback effect
between the level of new contribuƟons and the indexaƟon of
benefits. Instead, his research focuses on opƟmal porƞolio choice.
In contrast, we assume that the asset allocaƟon is fixed. By this
assumpƟon, which consƟtutes a good approximaƟon of common
pracƟce, we can study the impact of current and future
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contribuƟons on the value of current pension promises more
effecƟvely.

The paper makes two main contribuƟons to the exisƟng
literature. Firstly, we consider the financial posiƟon of the three
stakeholders in the proposed CI pension scheme, namely: exisƟng
members, new members and the sponsor, for example, the
employer. We then show that it is not possible to treat all three
stakeholders fairly at all points in Ɵme.

Secondly, we consider a scheme in which only the young
generaƟon (new members) will be treated fairly at the Ɵme when
they join the scheme, and in which any generaƟon is obliged to
allow any future generaƟon to join the scheme subject to the
future generaƟon paying a fair premium. We calculate the fair
value of the pension contract at the Ɵme a generaƟon joins the
scheme. We find that the fair level of contribuƟon to be paid by
the incoming generaƟon is driven mainly by the current nominal
funding raƟo; when the funding raƟo is low, the young generaƟon
should pay less than when the funding raƟo is high. Our
calculaƟons indicate that, even when the contribuƟon of an
incoming generaƟon is reduced when the funding raƟo is low, the
older generaƟons sƟll benefit from the joining of the new
generaƟon.

By treaƟng the young generaƟon fairly, we ensure that they are
willing to join the pension scheme rather than being forced to join
a pension scheme that they might perceive as unfair, given the
informaƟon they have at the Ɵme of joining. In such a scheme
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each generaƟon is driven only by self-interest. However, we show
that even when decisions are driven by self-interest only, risk
sharing between generaƟons takes place.

The remainder of the paper is organised as follows. The model
that we use is developed in SecƟon φ below. In SecƟon χ, we ask
whether it would be possible, within the CI schemes that we
consider, to guarantee financial fairness for all involved parƟes at
all Ɵmes, and we arrive at the conclusion that this is not feasible.
Instead, we conƟnue under the assumpƟon that entry implies
commitment to future parƟcipaƟon. In SecƟon ψ we analyse the
effect of incoming generaƟons on older generaƟons under this
assumpƟon, and we obtain a formula for the fair level of
contribuƟons for generaƟons entering an infinitely-lived scheme.
The formula jusƟfies an approximaƟon that is based on a finite
horizon; we use this in SecƟon ω to obtain quanƟtaƟve results. The
intergeneraƟonal risk sharing effects are described in SecƟon ϊ,
and conclusions follow in SecƟon ϋ.

φ. Model and NotaƟon

We consider an overlapping generaƟons model in which each
generaƟon works for two periods and then reƟres at the end of the
second period. Such a model was first introduced by Samuelson
[υύωό] and has been applied widely in the economic literature; see
for example Weil [φττό]. In our model, members of each
generaƟon pay into a pension fund and receive a lump sum
payment at reƟrement. We will call the generaƟon that enters at
Ɵme t = 1, 2, . . . generaƟon t. We will assume that each
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generaƟon tmakes a single contribuƟon,Ct, at Ɵme t (start of
working life). In return, generaƟon t is promised a nominal benefit
to be paid as a lump sum upon reƟrement at Ɵme t+ 2. In
addiƟon, the iniƟal nominal benefits are adjusted at the end of
each period, i.e., at Ɵmes t+ 1 and t+ 2. The nominal benefits
promised at Ɵme s to generaƟon t are denoted byN t

s , so thatN t
t

is the iniƟal promised benefit,N t
t+1 is the nominal promise at Ɵme

t+ 1 aŌer adjustments at the end of the first period, andN t
t+2 is

the actual pension payment received by generaƟon t when that
generaƟon reƟres at Ɵme t+ 2. We assume that the sizes of
generaƟons are equal, so that the quanƟtyN t

t+2 can also be
viewed as the pension benefit per member of generaƟon t.

LetAt denote the value of the pension fund's assets at Ɵme t
aŌer the paymentN t−2

t has been made to the generaƟon that
reƟres at t, but before new contribuƟons are received from
generaƟon t. It follows that the asset value aŌer new contribuƟons
have been received isAt + Ct, and the value of those assets at
t+ 1 before pension paymentsN t−1

t+1 is (At + Ct) exp(Rt+1)

whereRt+1 denotes the return during the period [t, t+ 1). AŌer
the payment ofN t−1

t+1 to generaƟon t− 1 has been made at t+ 1

the value of the assets reduces to

At+1 = (At + Ct) exp(Rt+1)−N t−1
t+1 (υ)

and the cycle starts again from that new asset value.
The adjustment of nominal benefits is called indexaƟon in this

paper. Our study focuses on the calculaƟon of fair contribuƟonsCt

to be made by generaƟon t for a given iniƟal nominal benefitN t
t ,
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and condiƟonally on an agreed indexaƟon procedure. Pension
schemes differ in that respect. In a pure defined contribuƟon (DC)
scheme there are no guarantees, and therefore no promises are
made at Ɵme t. The paymentN t

t+2 at reƟrement will be decided at
that Ɵme, depending on the assets available. At the other extreme
end of the scale we have defined benefit schemes, where an iniƟal
promise is made, and the promise is adjusted throughout working
life independently of the available assets unƟl the promised
payment is made at reƟrement. We ignore here adjustments
during reƟrement since we assume a lump sum payment,N t

t+2 at
the end of the second period. Although we study the risk for the
pension fund sponsor in this paper, we also assume that the
pension fund cannot default on its obligaƟons because the sponsor
will always fund outstanding pension benefits.

Defined contribuƟon (DC) and defined benefit (DB) schemes
have been widely discussed in the literature, and the risk sharing
between pension fund sponsors (employer, state) and pension
fund members (employees, ciƟzens) is well understood; see for
example Exley et al. [υύύϋ], Josa-Fombellida and Rincón-Zapatero
[φττψ], and Vigna and Haberman [φττυ].

In contrast to this literature, the focus of the present paper is on
pension schemes where indexaƟon is condiƟonal on the value of
the assets available to the pension fund. The basic argument is
that, if asset values are low, then indexaƟon is low, while high asset
values lead to higher indexaƟon. To be precise, we assume for the
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nominal promises made to generaƟons t− 1 and t that

N t−1
t+1 = It+1N

t−1
t , N t

t+1 = It+1N
t
t

with It+1 = g

(
At + Ct

N t−1
t +N t

t

exp(Rt+1)

)
(φ)

where It+1 is the indexaƟon factor and g is the indexaƟon funcƟon
which depends on the raƟo of available assets
(At + Ct) exp(Rt+1) at t+ 1 before payments and before new
contribuƟons, to the total liabiliƟesN t−1

t +N t
t of the scheme,

which consist of the promises made earlier to the two generaƟons
t− 1 and t. The funcƟon g is oŌen called the indexaƟon ladder. In
more realisƟc situaƟons the indexaƟon factor It would be
influenced by other factors as well, such as realised inflaƟon; for
simplicity we ignore such addiƟonal factors here. Note that the
same indexaƟon factor It+1 in (φ) is applied to the promised
nominal benefits of both generaƟons t and t− 1 which are in the
scheme at the Ɵme of indexaƟon.

The effect of condiƟonal indexaƟon is such that a given increase
in value of the assets does not lead to a proporƟonal increase of
the market-consistent funding raƟo, because the market value of
liabiliƟes is increased as well, as a result of beƩer perspecƟves for
indexaƟon. If the policy ladder g in (φ) is too steep, then it may
even happen that an increase of asset value causes a decline of the
market-consistent funding raƟo. For this reason we include an
upper bound on the steepness of the ladder funcƟon in the
standing assumpƟon below.
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(Aυ): The ladder funcƟon g is conƟnuous, piecewise
differenƟable, and 0 ≤ g′ ≤ 1.

For simplicity of notaƟon, it will be assumed as well that all
amounts are expressed in terms of a suitably indexed unit of
account (numéraire), so that interest rates can be taken to be zero.
We assume furthermore that a common valuaƟon operator is
applied by all stakeholders to assign a value at Ɵme t to uncertain
payoffs that will be realised at Ɵme s. Under our assumpƟon that
amounts are stated in terms of a numéraire, the valuaƟon operator
takes the formEt[Xs] whereXs is an uncertain payoff realised at
Ɵme s, expectaƟon is taken with respect to the pricing measure
that corresponds to the chosen numéraire, and where the
subscript t indicates condiƟoning with respect to informaƟon that
is available at Ɵme t. In the context of valuaƟon, the term
"expectaƟon" when used below will always refer to expectaƟon
under the pricing measure.

χ. Financial Fairness for Everyone

Before turning to the calculaƟon of the fair contribuƟon we will
invesƟgate whether the considered CI pension scheme is
consistent in itself, in the sense that it is actually possible to treat
all involved parƟes fairly at every point in Ɵme.

We consider a scheme at Ɵme t, aŌer indexaƟon has been
applied and payments to generaƟon t− 2 have been made, but
before generaƟon t has joined. The pension fund has assets with a
value ofAt and a nominal liability ofN t−1

t = N t−1
t−1 It since only
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generaƟon t− 1 is sƟll a member of the fund.
There are three stakeholders that should be treated financially

fairly when new members make their contribuƟon and are given
nominal promises. These are: the new members, the exisƟng
members and the pension fund sponsor (employer/state for
example). These three parƟes now need to negoƟate how much
the new generaƟon should contribute in return for a nominal
promise ofN t

t which will be adjusted according to a given
indexaƟon funcƟon g. In a CI pension scheme where all three
stakeholders are treated fairly at any point in Ɵme, the new
generaƟon might decide not to join if new contribuƟons are
perceived as too high, or the new generaƟon might not be allowed
to join by the sponsor or the old generaƟon if they disagree on the
new contribuƟonCt to be paid by the new generaƟon.

The exisƟng members of the fund, generaƟon t− 1, will argue
that the value at Ɵme t of the random payment that they will
receive at t+ 1 should not be reduced by the fact that generaƟon
t joins. Specifically, in the context of a condiƟonal indexaƟon
scheme, the payment that generaƟon t− 1 will receive when they
reƟre at Ɵme t+ 1 is

N t−1
t+1 = N t−1

t g

(
At + Ct

N t−1
t +N t

t

exp(Rt+1)

)
(χ)

which depends on the contribuƟonCt and the nominal benefits
N t

t . We will use the notaƟon V t
s to indicate the market value at

Ɵme s of the pension promise held by generaƟon t. The value of
the pension promise to generaƟon t− 1 at Ɵme t depends on the
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contribuƟonCt made by the incoming generaƟon at Ɵme t as well
as on the nominal promiseN t

t that this generaƟon receives;
therefore we write V t−1

t = V t−1
t (Ct, N

t
t ). The older generaƟon

will only be treated fairly if any new contribuƟons and promises do
not reduce the fair value of its pension deal, that is:

V t−1
t (Ct, N

t
t ) ≥ V t−1

t (0, 0) (ψ)

where the right hand side in (ψ) is the market value of benefits if no
generaƟon joins at Ɵme t.

The sponsor, for example the employer, will have to deal with all
shorƞalls in the pension scheme. The recent closure of many DB
schemes has shown that the sponsor will not always agree to new
members joining a pension scheme. The sponsor will consider the
surplus (or deficit), denoted by St, of the pension fund using the
same valuaƟon operator as the other two stakeholders. The
surplus in the pension fund aŌer new members joined the fund at
Ɵme t depends again on the contribuƟon that those new members
make:

St(Ct, N
t
t ) = At + Ct −

[
V t−1
t (Ct, N

t
t ) + V t

t (Ct, N
t
t )
]

(ω)

whereAt + Ct is the value of the available assets at Ɵme t aŌer
generaƟon t has joined, and V t−1

t (Ct, N
t
t ) + V t

t (Ct, N
t
t ) is the

market value (at Ɵme t) of the combined pension promises made
to generaƟons t− 1 and t.

The sponsor will compare this surplus to the surplus of the fund
without generaƟon t joining, that is,

St(0, 0) = At − V t−1
t (0, 0). (ϊ)
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Again, we argue that financial fairness for the sponsor means that

St(Ct, N
t
t ) ≥ St(0, 0) (ϋ)

and that the sponsor will close the fund for new members if that
condiƟon is not fulfilled. Combining equaƟons (ω), (ϊ) and (ϋ) and
solving for V t−1

t (0, 0) we obtain

V t−1
t (Ct, N

t
t ) + V t

t (Ct, N
t
t )− Ct ≤ V t−1

t (0, 0). (ό)

Finally, new members will also demand to be treated fairly or
decide not to join the pension scheme. They require that their
contribuƟons do not exceed the value of the nominal promises
they receive. The restricƟon imposed by the incoming generaƟon is

Ct ≤ V t
t (Ct, N

t
t ). (ύ)

The constraints imposed by the three stakeholders are (ψ), (ό),
and (ύ). The last two inequaliƟes imply

V t−1
t (Ct, N

t
t ) ≤ V t−1

t (0, 0). (υτ)

Combining this with (ψ) leads to

V t−1
t (Ct, N

t
t ) = V t−1

t (0, 0). (υυ)

This equaƟon in combinaƟon with (ό) leads to the inequality

Ct ≥ V t
t (Ct, N

t
t ) (υφ)

which together with (ύ) implies that

Ct = V t
t (Ct, N

t
t ). (υχ)
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We find that the three inequaliƟes (ψ), (ό), and (ύ) can only be
saƟsfied if all inequaliƟes are in fact equaliƟes. This happens when
the two condiƟons (υυ) and (υχ) are both saƟsfied. On the one
hand, the condiƟon in equaƟon (υχ) says that new members will
pay a contribuƟon which is equal to the value of the promises they
receive. On the other hand, the condiƟon in equaƟon (υυ) says
that any new contribuƟons and promises should not change the
value of promises made to exisƟng members.

Given a parƟcular choice of the policy ladder in a condiƟonal
indexaƟon scheme, equaƟon (υχ) establishes a relaƟonship
between the contribuƟonCt made by the incoming generaƟon at
Ɵme t and the promiseN t

t that they receive. We will show below
how this relaƟon can be computed. The quesƟon remains whether
it is possible to design a condiƟonal indexaƟon scheme in such a
way that the equality (υυ) is saƟsfied. Note that equality should
hold under all circumstances that might occur at Ɵme t; in our
stylised model, these circumstances are specified by the current
asset value and the nominal pension promise to the older
generaƟon. If eitherCt orN t

t is prescribed, then only the ladder
funcƟon g is available to make (υυ) hold. Since this is an equality in
two parameters (current asset value and promise to older
generaƟon) while the policy ladder is a funcƟon of only one
variable, it is unlikely that a soluƟon exists.

The invariance condiƟon (υυ) can be given a more concrete form
if we make more specific assumpƟons. We assume that the returns
Rt over the period [t− 1, t) form a stochasƟc process defined on
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a probability space (Ω,F ,P). Using the representaƟon of the
valuaƟon operator in terms of an expectaƟon under a pricing
measureQ defined on (Ω,F), we can write the market value at
Ɵme t of the pension promise to generaƟon t− 1 as

V t−1
t (Ct, N

t
t ) = Et

[
N t−1

t+1 |N t−1
t , At

]
= Et

[
N t−1

t g

(
At + Ct

N t−1
t +N t

t

exp(Rt+1)

) ∣∣∣N t−1
t , At

]
.

(υψ)

Furthermore, we assume that the indexaƟon funcƟon g is
non-decreasing and not constant, see assumpƟon (Aυ) in SecƟon
φ, and thatRt+1 can take any value inR. We then obtain that (υυ)
is only fulfilled if

At + Ct

N t−1
t +N t

t

=
At

N t−1
t

. (υω)

Therefore, to ensure financial fairness for all three stakeholders
involved, the nominal funding raƟo should not change when
generaƟon t joins and makes new contribuƟons. This holds if and
only if

Ct =
At

N t−1
t

N t
t . (υϊ)

Financial fairness for all stakeholders therefore requires that the
relaƟonship betweenCt andN t

t , which is implicitly specified in
(υυ), actually leads to the quite simple form (υϊ). In other words:

At

N t−1
t

N t
t = V t

t (Ct, Nt) = Et[It+2It+1]N
t
t .
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Using the expressions for the asset value at Ɵme t+ 1 as given in
(υ) and for the indexaƟon factor as given in (φ), and also using the
relaƟon in (υω) both at Ɵme t and at Ɵme t+ 1, the above can be
rewriƩen as

At

N t−1
t

= Et

[
g

([(
1 +

N t−1
t

N t
t

)
(At/N

t−1
t ) exp(Rt+1)

g((At/N
t−1
t ) exp(Rt+1))

− N t−1
t

N t
t

]
exp(Rt+2)

)
· g((At/N

t−1
t ) exp(Rt+1))

]
.

Here it is seen explicitly that the variablesAt andN t−1
t appear as

independent variables. Any parƟcular structure that would allow
matching the leŌ hand side and the right hand side for all values of
these variables by a suitable choice of the scalar funcƟon g does
not appear to exist.

We conclude that the relaƟon (υυ) cannot be expected to be
saƟsfied. Consequently, the joining of a new generaƟon may either
increase or decrease the market value of the claims held by the
older generaƟon. We will discuss below under what condiƟons
either of these possibiliƟes is realised.

ψ. Financial Fairness for NewMembers Only

Since it is not possible to treat all three stakeholders fairly at all
Ɵmes, we will now consider a pension scheme in which new
members are always allowed to join at Ɵme t as long as this
generaƟon t pays its fair contribuƟonCt, which is derived as a
soluƟon ofCt = V t

t (Ct, N
t
t ) for a given promised benefitN t

t and
an agreed valuaƟon operator V s

t . We argue that such an
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arrangement is reasonable for both generaƟons since the old
generaƟon t− 1 enjoyed the same privilege when they were
young and joined the scheme. Their conƟnued parƟcipaƟon in the
scheme has been priced into the contribuƟon that they paid.

Before we turn to the calculaƟon ofCt under this assumpƟon,
we discuss the effect of the new generaƟon on the other two
stakeholders (exisƟng members and sponsor). Under the
assumpƟon of market completeness, both the sponsor and the old
generaƟon are able to hedge completely against the effect of the
entry of the new generaƟon, since all incoming generaƟons pay a
market-consistent price for the rights they receive. The
implementaƟon of a complete or parƟal hedging strategy may be
more feasible for the sponsor than for the parƟcipants, and we
focus below in parƟcular on the consequences of the joining of the
new generaƟon for the old generaƟon.

ψ.υ. Effect on Sponsor and Old GeneraƟon

We consider a scheme in which new generaƟons pay a
contribuƟon that is equal to the market value of the pension
promise they receive, and in which they are always allowed to join
regardless of the effect on the nominal funding raƟo which
determines indexaƟon. In such a scheme, the joining of any
generaƟon t will almost surely have an effect on the financial
posiƟons of generaƟon t− 1 and the sponsor.
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ψ.υ.υ. Increased Nominal Funding RaƟo

We first discuss the situaƟon in which the nominal funding raƟo
increases due to contribuƟons made by generaƟon t, that is,

At + Ct

N t−1
t +N t

t

>
At

N t−1
t

.

In this situaƟon, the value V t−1
t (Ct, N

t
t ) of the pension promised

to generaƟon t− 1 will be larger than the value V t−1
t (0, 0) of

those promises without generaƟon t. The reason is that g is a
non-decreasing funcƟon. Therefore, for any realised returnRt+1,
the pension paymentN t−1

t+1 will be larger than without the new
generaƟon joining.

On the other hand, the surplus in the pension fund will be
reduced: St(Ct, N

t
t ) < St(0, 0). This follows from the inequality

V t−1
t (Ct, Nt) > V t−1

t (0, 0) and the equalityCt = V t
t (Ct, Nt),

since

St(Ct, Nt) = At + Ct − (V t−1
t (Ct, Nt) + V t

t (Ct, Nt))

= At − V t−1
t (Ct, Nt) < At − V t−1

t (0, 0) = St(0, 0).

This seems to be counter-intuiƟve, since it might be argued that
any increase in the funding raƟo should improve the solvency of
the fund. However, in the pension scheme considered, an
increased funding raƟo also increases the liabiliƟes of the fund,
leading to a reducƟon of the surplus. The reducƟon is to the
detriment of the sponsor, who is the owner of the surplus.

Instead of the difference St(Ct, N
t
t )− St(0, 0) < 0, which

measures the absolute change in the surplus caused by generaƟon
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t, we may also consider a funding raƟo based on the market
(risk-neutral) value V t−1

t (Ct, N
t
t ) + V t

t (Ct, N
t
t ) of the total

liabiliƟes. In case the current surplus is posiƟve (At > Vt(0, 0)),
we find that

At + Ct

V t−1
t (Ct, N t

t ) + V t
t (Ct, Nt)

=
At + Ct

V t−1
t (Ct, N t

t ) + Ct

<
At + Ct

V t−1
t (0, 0) + Ct

<
At

V t−1
t (0, 0)

(υϋ)

which means that the market-consistent funding raƟo will be
reduced.

However, if the current surplus is negaƟve (At < Vt(0, 0)), the
market-consistent funding raƟo is improved by the incoming new
generaƟon if the condiƟon

V t−1
t (Ct, N

t
t )− V t−1

t (0, 0) <

(
V t−1
t (0, 0)

At

− 1

)
Ct (υό)

is saƟsfied, that is, when the increase in market value of the rights
of the exisƟng generaƟon is relaƟvely small compared to the
contribuƟon made by the incoming generaƟon. In this scenario,
the deficit (negaƟve surplus) would sƟll increase, while the
market-consistent funding raƟo would improve. The new funding
raƟo (leŌ hand side in (υϋ)) will sƟll be less than υττ%, but it will
be closer to υττ% than the funding raƟo without the new
generaƟon (right hand side in (υϋ)).

ψ.υ.φ. Decreased Nominal Funding RaƟo

Similar arguments hold if the new generaƟon lowers the nominal
asset/liability raƟo. In that case, the surplus of the fund would
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increase, and the value of the promises made to generaƟon t− 1

would decrease. The funding raƟo based on market values would
increase if the fund runs a deficit, but it might decrease if the fund
runs a surplus depending on a condiƟon similar to (υό).

ψ.φ. ValuaƟon

Having invesƟgated the effect of new generaƟons on the financial
posiƟons of the sponsor and the old generaƟon, we are now
interested in quanƟfying the fair contribuƟon required by any new
generaƟon for a fixed iniƟal nominal promise. To this end we will
first study in more detail how the value V t−1

t (Ct, N
t
t ) of the

pension contract of exisƟng members is affected by the
contribuƟonCt of new members and the nominal promisesN t

t

made to them. In a second step we will consider the condiƟonal
expectaƟon of V t−1

t (Ct, N
t
t ) at Ɵme t− 1 to find the fair

contribuƟon required from generaƟon t− 1.
Using risk-neutral valuaƟon we obtain for the value at Ɵme t of

actual pension paymentsN t−1
t+1 made at Ɵme t+ 1:

V t−1
t (Ct, N

t
t ) = Et[N

t−1
t+1 ]

= Et

[
N t−1

t g

(
At + Ct

N t−1
t +N t

t

exp(Rt+1)

)]
. (υύ)

We know that

V t−1
t (Ct, N

t
t ) = V t−1

t (0, 0) ⇐⇒ Ct =
At

N t−1
t

N t
t .

In words, the funding raƟo is not changed by new contribuƟons
and new rights. We now use a Taylor expansion of V t−1

t (c, n) in c
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for a given value of n = N t
t :

V t−1
t (Ct, N

t
t ) = V t−1

t

(
At

N t−1
t

N t
t , N

t
t

)
+

[
Ct −

At

N t−1
t

N t
t

]
∂

∂c
V t−1
t

(
c,N t

t

) ∣∣∣
c=

At

Nt−1
t

Nt
t

+O

([
Ct −

At

N t−1
t

N t
t

]2)
.

We introduce the notaƟon

ht−1
t (n) =

∂

∂c
V t−1
t (c, n)

∣∣∣
c=

At

Nt−1
t

n
. (φτ)

The value at Ɵme t− 1 of this pension contract is then, in
first-order approximaƟon,

V t−1
t−1 = Et−1

[
V t−1
t (Ct, N

t
t )
]

= Et−1

[
V t−1
t

(
At

N t−1
t

N t
t , N

t
t

)]
−Et−1

[
At

N t−1
t

N t
th

t−1
t (N t

t )

]
+ Et−1

[
Cth

t−1
t (N t

t )
]
. (φυ)

The first two terms in (φυ) can be calculated since they are
independent of contribuƟons made by future generaƟons. The
third term containsCt and can therefore not be computed
immediately. However, treaƟng new members fairly at any Ɵme
means that V t−1

t−1 = Ct−1. We therefore establish an approximate
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relaƟonship between contribuƟons at successive Ɵmes:

Ct−1 = Et−1

[
V t−1
t

(
At

N t−1
t

N t
t , N

t
t

)]
− Et−1

[
At

N t−1
t

N t
th

t−1
t (N t

t )

]
+ Et−1

[
Cth

t−1
t (N t

t )
]
. (φφ)

Using this formula recursively we obtain

Ct−1 = Et−1

[
V t−1
t

(
At

N t−1
t

N t
t , N

t
t

)]
− Et−1

[
At

N t−1
t

N t
th

t−1
t (N t

t )

]
+ Et−1

[
Et

[
V t
t+1

(
At+1

N t
t+1

N t+1
t+1 , N

t+1
t+1

)
ht−1
t (N t

t )

]]

− Et−1

[
Et

[
At+1

N t
t+1

N t+1
t+1h

t
t+1(N

t
t )

]
ht−1
t (N t

t )

]
+ Et−1

[
Et

[
Ct+1h

t
t+1(N

t+1
t+1 )

]
ht−1
t (N t

t )
]

...

= Et−1

[
V t−1
t

(
At

N t−1
t

N t
t , N

t
t

)]

+
∞∑
k=0

Et−1

[{
V t+k
t+k+1

(
At+k+1

N t+k
t+k+1

N t+k+1
t+k+1 , N

t+k+1
t+k+1

)

− At+k

N t+k−1
t+k

N t+k
t+k

}
k∏

n=0

ht+n−1
t+n (N t+n

t+n )

]
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= Et−1

[
V t−1
t

(
At

N t−1
t

N t
t , N

t
t

)]

+
∞∑
k=0

Et−1

[{
Et+k

[
V t+k
t+k+1

(
At+k+1

N t+k
t+k+1

N t+k+1
t+k+1 , N

t+k+1
t+k+1

)]

− At+k

N t+k−1
t+k

N t+k
t+k

}
k∏

n=0

ht+n−1
t+n (N t+n

t+n )

]

= Et−1

[
V t−1
t

(
At

N t−1
t

N t
t , N

t
t

)]

+
∞∑
k=0

Et−1

[{
Et+k

[
V t+k
t+k+1 (0, 0)

]
− At+k

N t+k−1
t+k

N t+k
t+k

}

·
k∏

n=0

ht+n−1
t+n (N t+n

t+n )

]
(φχ)

where we used the tower rule for condiƟonal expectaƟons and

V t
t+1

(
At+1

N t
t+1

N t+1
t+1 , N

t+1
t+1

)
= V t

t+1(0, 0) ∀ t.

For the conclusion, we introduce the following notaƟon:

C̃t is the fair contribuƟon of the generaƟon entering at Ɵme t
assuming that the next generaƟon will not change the
nominal funding raƟo at Ɵme t+ 1, i.e.

C̃t = Et

[
V t
t+1

(
At+1

N t
t+1

N t+1
t+1 , N

t+1
t+1

)]
= Et

[
V t
t+1 (0, 0)

]
.

Ĉt is the contribuƟon of the generaƟon entering at Ɵme t such
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that the nominal funding raƟo is not changed at Ɵme t, i.e.

Ĉt =
At

N t−1
t

N t
t .

We can then rewrite (φχ) as

Ct−1 = C̃t−1+
∞∑
k=0

Et−1

[{
C̃t+k − Ĉt+k

} k∏
n=0

ht+n−1
t+n (N t+n

t+n )

]
.

(φψ)
Our conclusion is that the fair contribuƟon at Ɵme t− 1, given

all future nominal promises, consists of two parts. The first part is
the fair contribuƟon at t− 1 assuming that the next generaƟon
will not change the nominal funding raƟo. To that we add the
expected value of all changes to the nominal funding raƟo made by
future generaƟons. However, instead of the actual change in the
funding raƟo resulƟng fromCt+k − Ĉt+k, which we cannot
calculate without knowing future contribuƟons, we only require
C̃t+k − Ĉt+k in (φψ) for all future generaƟons.

Those differences, C̃t+k − Ĉt+k, are then mulƟplied by∏k
n=0 h

t+n−1
t+n (N t+n

t+n ) in (φψ). Using (υύ) and the definiƟon of h in
(φτ) we obtain for those derivaƟves

∂

∂c
V t−1
t

(
c,N t

t

)
=

∂

∂c
Et

[
N t−1

t g

(
At + c

N t−1
t +N t

t

exp(Rt+1)

)]
= Et

[
N t−1

t

∂

∂c
g

(
At + c

N t−1
t +N t

t

exp(Rt+1)

)]
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= Et

[
N t−1

t g′
(

At + c

N t−1
t +N t

t

exp(Rt+1)

)
1

N t−1
t +N t

t

exp(Rt+1)

]

=
N t−1

t

N t−1
t +N t

t

Et

[
g′
(

At + c

N t−1
t +N t

t

exp(Rt+1)

)
exp(Rt+1)

]

≤ N t−1
t

N t−1
t +N t

t

max
x

g′(x)Et [exp(Rt+1)] (φω)

and it follows that ht−1
t (N t

t ) < 1 if the policy ladder g is chosen
such that

max
x

g′(x) <
N t−1

t +N t
t

N t−1
t

1

Et [exp(Rt+1)]
. (φϊ)

As we are taking expectaƟons under a pricing measure, and prices
are taken relaƟve to a numéraire so that the interest rate can be
taken to be zero, we haveEt[exp(Rt+1)] = 1. Consequently, the
inequality (φϊ) is saƟsfied under our standing assumpƟon (Aυ) that
g′ ≤ 1. Therefore, the product

∏k
n=0 h

t+n−1
t+n (N t+n

t+n ) in (φψ) is a
decreasing funcƟon of the number of factors, which means that
generaƟons which are distant in the future have less influence on
the fair contribuƟon today. This result jusƟfies calculaƟng fair
contribuƟons under the assumpƟon that there is only a finite
number of future generaƟons, since the impact of generaƟons
t+ k for large k can be ignored.

ω. Fair ContribuƟons with a Finite Number of Future GeneraƟons

The discussions in the previous secƟon jusƟfy an approximaƟon in
which only a finite number of future generaƟons are considered as
long as (φϊ) is saƟsfied. In this case we do not need to use the
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approximaƟon in (φψ), but we can calculate the fair contribuƟons
numerically by using a recursive scheme starƟng with the last
generaƟon. To be specific, we assume throughout thatN t

t = 1; in
other words, we work with a fixed iniƟal promise and generaƟon
size.

Our purpose in this secƟon is therefore to compute the fair
value of contribuƟons in the condiƟonal indexaƟon scheme
described by (υ--φ), with a fixed iniƟal pension promise, under the
assumpƟon that the scheme will be terminated at a given future
Ɵme T . In essence, this is an opƟon pricing problem: the
contribuƟon is considered as the premium to be paid by the
incoming generaƟon at Ɵme t for the conƟngent payoff that they
will receive at Ɵme t+ 2. There are two major complicaƟons
compared to standard opƟon pricing problems: first, the premium
itself has an impact on the payoff, and secondly, the premium paid
by the next generaƟon impacts the payoff as well. In order to deal
with these complicaƟons, we use a computaƟonal scheme that
employs two auxiliary funcƟons:

• the expected value (under the pricing measure) of the
payoff at Ɵme t+ 2, as a funcƟon of exisƟng liabiliƟes at
Ɵme t+ 1 and the asset value at Ɵme t+ 1 before the
contribuƟon by the generaƟon that comes in at Ɵme t+ 1

has been paid, under the assumpƟon that this contribuƟon
will occur at fair value (one-step-ahead expectaƟon);

• the expected value (under the pricing measure) of the
payoff at Ɵme t+ 2, as a funcƟon of exisƟng liabiliƟes at
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Ɵme t and the asset value at Ɵme t aŌer the contribuƟon
that comes in at Ɵme t has been paid (two-step-ahead
expectaƟon).

With an abuse of notaƟon, the first funcƟon will be denoted by
E[N t

t+2 |At+1, N
t
t+1] as in (υύ), and the second by

E[N t
t+2 |At + Ct, N

t−1
t ]. As in (υχ), the fair contribuƟon at Ɵme

t is determined as a funcƟon of asset values at Ɵme t, namelyAt,
and exisƟng liabiliƟes at Ɵme t,N t−1

t , by the equaƟon

Ct = E[N t
t+2 |At + Ct, N

t−1
t ]. (φϋ)

The two auxiliary funcƟons menƟoned above can be used to
evaluate the right hand side, since

E[N t
t+2 |At + Ct, N

t−1
t ]

= E
[
E[N t

t+2 |At+1, N
t
t+1] |At + Ct, N

t−1
t ]
]

whereAt+1 andN t
t+1 are expressed in terms ofAt,Ct, andN t−1

t

according to the equaƟons of the condiƟonal indexaƟon scheme.
Since the scheme terminates at Ɵme T , there is no new

generaƟon coming in at Ɵme T − 1. Within the equaƟons above,
this can be expressed byNT−1

T−1 = 0 andCT−1 = 0. The above
equaƟons then allow computaƟon of the fair contribuƟonCT−2 as
a funcƟon ofAT−2 andNT−3

T−2 . Using this, the funcƟonCT−3 can
be computed, and so on.

Figure υ shows the results of computaƟons in a parƟcular case.
We assume a quite simple policy ladder that applies no indexaƟon
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if the nominal funding raƟo falls below 105%, and full indexaƟon
when the funding raƟo is above 140%; linear interpolaƟon is
applied between these two bounds. Thinking of generaƟons as
following each other by φω years, we set full indexaƟon to 35%,
which corresponds to real wage growth on a φω-year horizon if
annual real wage growth equals 1.2%. Our indexaƟon funcƟon is
then given by:

g(x) =


1 for x < 1.05

x− 0.05 for 1.05 ≤ x ≤ 1.4

1.35 for 1.4 < x

Asset returns are assumed to be lognormally distributed with 25%
volaƟlity; on a φω-year horizon, this corresponds to a quite
conservaƟve investment policy (5% annual volaƟlity).

The fair contribuƟon is determined largely by the nominal
funding raƟo, but the structure of liabiliƟes (pension rights for
different generaƟons) also plays a role. Figure υ shows two curves,
corresponding to the older generaƟon having obtained no
indexaƟon at the previous Ɵme step ("low liability") or full
indexaƟon ("high liability"). The two curves are seen to cross. A
high pension promise to the older generaƟon has a depressing
effect on the value of the pension payoff for the younger
generaƟon at low funding raƟos. However, when the funding raƟo
is high in spite of a high liability to the older generaƟon, then the
level of assets must be quite high, which is good for the indexaƟon
perspecƟves of the younger generaƟon. Beyond a point near
125%, the second effect more than offsets the first. Also drawn in
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Figure υ: The plot shows the fair contribuƟon of the generaƟon en-
tering at Ɵme t as a funcƟon of the funding raƟo at Ɵme t, in two
cases. "Low liability" means that the promise made to the older
generaƟon is at level 1 (no indexaƟon in previous Ɵme step); "high
liability" means that the promise to the older generaƟon is at level
1.35 (full indexaƟon in previous Ɵme step). The doƩed line repre-
sents contribuƟon levels that leave the funding raƟo unchanged.
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Figure υ is the level of contribuƟon that would keep the nominal
funding raƟo constant. It is seen that at levels up to about 160%,
the fair contribuƟon helps to improve the funding raƟo; at higher
levels, the effect of the fair contribuƟon is to reduce it.

The graph shows the situaƟon five steps before terminaƟon,
because this appears already enough to represent a staƟonary
situaƟon. The fair contribuƟon is computed, for a fixed value of
assetsAt and a fixed level of the exisƟng liabiliƟesN t−1

t , by the
iteraƟve procedure that is naturally suggested by equaƟon (φϋ).
The iteraƟon converges quickly; at a tolerance level of 10−5

(compared to the level of the contribuƟon between υ and φ),
convergence typically takes place within three or four iteraƟon
steps. ComputaƟons were carried out on a grid of υωτ steps in the
direcƟon of the asset value and φτ steps in the direcƟon of the
pension promise to the older generaƟon. Total computaƟon Ɵme,
using an implementaƟon in Matlab on a standard PC, was in tens
of seconds.

ϊ. IntergeneraƟonal Risk Sharing and Sustainability of the
Pension Scheme

We have seen in SecƟon ψ.υ how any new generaƟon affects the
financial posiƟons of exisƟng members and the sponsor of the CI
pension scheme. We have considered the two scenarios of
decreased or increased nominal funding raƟos. Fig. υ shows that,
for low nominal funding raƟos, the fair contribuƟon made by
generaƟon t exceeds the contribuƟonCt =

At

Nt−1
t

N t
t , which does

not change the nominal funding raƟo. This is the case in both the
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low liability and the high liability scenario in Fig. υ. It follows that
low nominal funding raƟos are increased by the new contribuƟons
made by generaƟon t, with the consequences discussed in secƟon
ψ.υ. In parƟcular, the new contribuƟons improve the financial
posiƟon of exisƟng members. It follows that exisƟng members
benefit aŌer a period of low returns from the contribuƟons made
by generaƟon t.

On the other hand, we find in Fig. υ that the fair contribuƟon of
generaƟon t will be less than At

Nt−1
t

N t
t if the nominal funding raƟo

at Ɵme t is rather high, that is, aŌer the exisƟng members and
previous generaƟons have enjoyed high returnsRt.

In that way generaƟon t parƟcipates in the high or low returns
experienced in previous periods. This risk sharing mechanism is
achieved despite each generaƟon only paying the financially fair
contribuƟon condiƟonal on the informaƟon available at the Ɵme
when they join the scheme. This contrasts with risk sharing
mechanisms which rely on a social planner, and on forcing each
new generaƟon to join. We argue that in the CI pension scheme
new generaƟons will always be happy to join since they are only
required to pay a fair contribuƟon for the benefits they receive.

One could imagine a pension scheme in which new generaƟons
are always forced to join and to make a contribuƟon which will
restore the funding raƟo to a specified level. Although such a
pension scheme would have a more stable funding raƟo, new
generaƟons would not be treated fairly and might not join given
the choice. On the other hand, the CI pension scheme combines
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financial fairness with the risk sharing mechanisms described
above. And since new contribuƟons are such that the funding raƟo
is improved in a scenario with a low exisƟng funding raƟo, the
funding raƟo is indeed stabilised to some extent. Further analysis
from a risk management point of view on the development of the
funding raƟo over Ɵme would be relevant, but this is beyond the
scope of the present paper.

ϋ. Conclusions and RecommendaƟons

Our purpose in this paper has been to invesƟgate the
consequences of imposing financial fairness on a condiƟonal
indexaƟon scheme. We have only considered a very simple form of
such a collecƟve pension scheme. Nevertheless, we believe that
some conclusions and policy recommendaƟons can be drawn from
our findings.

We have argued that financial fairness at all Ɵmes for all cohorts
cannot be achieved without essenƟally breaking up the scheme.
On the other hand, it is possible to realize financial fairness for
incoming generaƟons. This means that the collecƟve scheme
requires a commitment from parƟcipaƟng generaƟons, which
guarantees that they will conƟnue their parƟcipaƟon, and that they
will allow new generaƟons to enter. Under some circumstances,
older generaƟons must accept that the value of their pension
rights will be reduced. However, in a scheme that is constructed on
the basis of financial fairness for incoming generaƟons, the fact
that such circumstances may arise has already been taken into
account in the contribuƟon to be paid by these generaƟons. In that



ψτ ��Ý ®¦Ä Ö�Ö�Ù ψψ

sense the condiƟonal reducƟon of rights is sƟll fair. Obviously this
point needs to be clearly communicated to plan members.

We recommend that, in the design of collecƟve schemes which
allow for adjustment of accrued rights (either by condiƟonal
indexaƟon or by other rules), calculaƟons be made analogous the
ones that have been presented here, in order to ensure at least
approximate financial fairness for incoming generaƟons. The
sustainability of the system would be at stake if this condiƟon is
not fulfilled. From a technical point of view, the calculaƟons are
not straighƞorward. In SecƟon ω we have outlined a method that
can be used for this parƟcular opƟon pricing problem. It is a
recursive method, which makes use of suitable auxiliary funcƟons.
Scaling up the computaƟonal procedure to determine fair
contribuƟons in a more real-life situaƟon would, of course, sƟll
require a substanƟal amount of work. It is encouraging to observe
in the example that the fair contribuƟon level is determined largely
by the current nominal funding raƟo. It depends only to a minor
extent on the structure of exisƟng liabiliƟes, which, in a
mulƟ-generaƟon framework, can be a complicated object.

Our conclusion is that, in condiƟonal indexaƟon schemes which
aim for financial fairness at entry, the contribuƟon to be paid by
incoming generaƟons should be reduced when the funding raƟo is
low. This is fair, since a low funding raƟo means that indexaƟon is
less likely. We have kept the nominal rights constant for simplicity,
but obviously an alternaƟve way to achieve financial fairness
would be that incoming generaƟons are granted higher nominal
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rights in case of a low funding raƟo, and lower rights in case of a
high funding raƟo.

The recommendaƟon to reduce contribuƟons for incoming
generaƟons in case of low funding raƟos, and to increase
contribuƟons in case of high funding raƟos, may raise the quesƟon
whether the funding raƟo would not thereby be destabilized.
CalculaƟons that we have made in a specific case, however (see
Fig. υ), show that such an effect need not occur. At low funding
raƟos, the reducƟon of the contribuƟon is limited to such extent
that the joining of the new generaƟon sƟll helps to increase the
funding raƟo. Conversely, when the funding raƟo is sufficiently
high, it will be reduced by the arrival of the new generaƟon. Of
course, the result depends on the specific assumpƟons we made in
the example, and calculaƟons need to be done anew in other
cases. More detailed informaƟon about the variability of the
funding raƟo can be obtained from ALM studies.

In our analysis, we have focused on the effects of financial
fairness in the context of a given condiƟonal indexaƟon scheme.
Clearly, these effects may depend on the condiƟonal indexaƟon
rule that is used, as well as on other parameters of the collecƟve
scheme, in parƟcular the investment policy. An assumpƟon that
the indexaƟon funcƟon is not too steep has been used above, as
part of mathemaƟcal support for the intuiƟve noƟon that
generaƟons in the very distant future should be less important for
seƫng the current level of contribuƟons; see (φϊ) and assumpƟon
(Aυ). It may be surmised that sufficient flatness of the indexaƟon
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funcƟon is also important in relaƟon to the stability of the funding
raƟo. If this is confirmed in further studies, we obtain in this way a
policy recommendaƟon regarding indexaƟon funcƟons. The
consequences of imposing financial fairness are influenced as well
by the investment policy. Consequently, policy recommendaƟons
regarding investments may be derived from an invesƟgaƟon of this
dependence.

In this paper we have assumed the investment mix to be fixed in
Ɵme, both for simplicity and because it is common pracƟce.
However, one might envisage that the investment policy could be
adapted, for instance to the current level of the funding raƟo. A
situaƟon in which management has complete freedom to change
the porƞolio at any Ɵme has been discussed by Kleinow [φτυυ] for
a related pension contract. For an analysis along the lines of the
present paper, it would be necessary to assume that the
composiƟon of the investment porƞolio is determined according to
a specified rule, rather than being at the discreƟon of the trustees.
Financial fairness can then in principle again be determined by
solving an opƟon pricing problem, although the complexity of this
problem would be increased.

The analysis of this paper, while applied in a highly idealized
situaƟon, indicates that collecƟve schemes that implement risk
sharing through adjustment of accrued rights can be designed in
such a way as to ensure financial fairness for incoming generaƟons.
Our findings suggest that such schemes offer a route to effecƟve
risk sharing between generaƟons driven by self-interest only rather
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than by enforcement.

ό. Acknowledgements

The authors gratefully acknowledge support by Netspar - Network
for Studies on Pensions, Aging and ReƟrement under the project
"Risk Management in Funded Pension Systems".

References

Roel M.W.J. Beetsma, Ward E. Romp, and Siert J. Vos. Voluntary
parƟcipaƟon and intergeneraƟonal risk sharing in a funded
pension system. European Economic Review, ωϊ:υχυτ--υχφψ,
φτυφ.

Lans Bovenberg and Roel Mehlkopf. OpƟmal design of funded
pension schemes. Annual Review of Economics, ϊ:ψψω--ψϋψ,
φτυψ.

Lans Bovenberg, Ralph Koijen, Theo Nijman, and Coen Teulings.
Saving and invesƟng over the life cycle and the role of collecƟve
pension funds. De Economist, υωω:χψϋ--ψυω, φττϋ.

Lans Bovenberg, Roel Mehlkopf, and Theo Nijman. The promise of
defined ambiƟon plans: lessons for the United States. In Olivia S.
Mitchell and Richard C. Shea, editors, Reimagining Pensions: The
Next ψτ Years. Oxford University Press, Oxford, φτυω.

Jiajia Cui, Frank de Jong, and Eduard Ponds. IntergeneraƟonal risk
sharing within funded pension schemes. Journal of Pension
Economics and Finance, υτ:υ--φύ, φτυυ.



ψψ ��Ý ®¦Ä Ö�Ö�Ù ψψ

Renxiang Dai and J. M. Schumacher. Welfare analysis of condiƟonal
indexaƟon schemes from a two-reference-point perspecƟve.
Journal of Pension Economics and Finance, ό(χ):χφυ--χωτ, φττύ.

Frank de Jong. Pension fund investments and the valuaƟon of
liabiliƟes under condiƟonal indexaƟon. Insurance: MathemaƟcs
and Economics, ψφ(υ):υ--υχ, φττό.

Douglas W. Diamond and Philip H. Dybvig. Bank runs, deposit
insurance, and liquidity. Journal of PoliƟcal Economy, ύυ:
ψτυ--ψυύ, υύόχ.

C.J. Exley, S.J.B. Mehta, and A.D. Smith. The financial theory of
defined benefit pension schemes. BriƟsh Actuarial Journal, χ(ψ):
όχω--ύϊϊ, υύύϋ.

ChrisƟan Gollier. IntergeneraƟonal risk-sharing and risk-taking of a
pension fund. Journal of Public Economics, ύφ:υψϊχ--υψόω, φττό.

Ricardo Josa-Fombellida and Juan Pablo Rincón-Zapatero. OpƟmal
risk management in defined benefit stochasƟc pension funds.
Insurance: MathemaƟcs and Economics, χψ(χ):ψόύ--ωτχ, φττψ.

T. Kleinow. Pension fund management and condiƟonal indexaƟon.
ASTIN BulleƟn, ψυ(υ):ϊυ--όϊ, φτυυ.

Paul A. Samuelson. An exact consumpƟon-loan model of interest
with or without the social contrivance of money. Journal of
PoliƟcal Economy, ϊϊ(ϊ):ψϊϋ--ψόφ, υύωό.



¥ ®Ä�Ä� ® � ½ ¥� ® ÙÄ�Ý Ý �Ä� �ÊÄ� ® ã ®ÊÄ� ½ ®Ä��ø�ã ®ÊÄ ψω

Elena Vigna and Steven Haberman. OpƟmal investment strategy
for defined contribuƟon pension schemes. Insurance:
MathemaƟcs and Economics, φό(φ):φχχ--φϊφ, φττυ.

Philippe Weil. Overlapping generaƟons: The first jubilee. The
Journal of Economic PerspecƟves, φφ(ψ):υυω--υχψ, φττό.





1	 Naar een nieuw pensioencontract 
(2011)

	 Lans Bovenberg en Casper van Ewijk
2	 Langlevenrisico in collectieve 

pensioencontracten (2011)
	 Anja De Waegenaere, Alexander 

Paulis en Job Stigter
3	 Bouwstenen voor nieuwe pensi-

oencontracten en uitdagingen voor 
het toezicht daarop (2011) 
Theo Nijman en Lans Bovenberg

4	 European supervision of pension 
funds: purpose, scope and design 
(2011) 
Niels Kortleve, Wilfried Mulder and 
Antoon Pelsser

5	 Regulating pensions: Why the 
European Union matters (2011) 
Ton van den Brink, Hans van 
Meerten and Sybe de Vries

6	 The design of European supervision 
of pension funds (2012) 
Dirk Broeders, Niels Kortleve, 
Antoon Pelsser and Jan‑Willem 
Wijckmans

7	 Hoe gevoelig is de uittredeleeftijd 
voor veranderingen in het pensi-
oenstelsel? (2012) 
Didier Fouarge, Andries de Grip en 
Raymond Montizaan

8	 De inkomensverdeling en levens-
verwachting van ouderen (2012) 
Marike Knoef, Rob Alessie en 
Adriaan Kalwij

9	 Marktconsistente waardering van 
zachte pensioenrechten (2012) 
Theo Nijman en Bas Werker

10	 De RAM in het nieuwe pensioen
akkoord (2012) 
Frank de Jong en Peter Schotman

11	 The longevity risk of the Dutch 
Actuarial Association’s projection 
model (2012) 
Frederik Peters, Wilma Nusselder 
and Johan Mackenbach

12	 Het koppelen van pensioenleeftijd 
en pensioenaanspraken aan de 
levensverwachting (2012) 
Anja De Waegenaere, Bertrand 
Melenberg en Tim Boonen

13	 Impliciete en expliciete leeftijds
differentiatie in pensioencontracten 
(2013)

	 Roel Mehlkopf, Jan Bonenkamp, 
Casper van Ewijk, Harry ter Rele en 
Ed Westerhout

14	 Hoofdlijnen Pensioenakkoord, 
juridisch begrepen (2013) 
Mark Heemskerk, Bas de Jong en 
René Maatman

15	 Different people, different choices: 
The influence of visual stimuli in 
communication on pension choice 
(2013) 
Elisabeth Brüggen, Ingrid Rohde 
and Mijke van den Broeke

16	 Herverdeling door 
pensioenregelingen (2013) 
Jan Bonenkamp, Wilma Nusselder, 
Johan Mackenbach, Frederik Peters 
en Harry ter Rele

17	 Guarantees and habit formation in 
pension schemes: A critical analysis 
of the floor-leverage rule (2013) 
Frank de Jong and Yang Zhou

overzicht uitgaven  
in de design paper serie	



18	 The holistic balance sheet as a 
building block in pension fund 
supervision (2013) 
Erwin Fransen, Niels Kortleve, Hans 
Schumacher, Hans Staring and 
Jan-Willem Wijckmans

19	 Collective pension schemes and 
individual choice (2013) 
Jules van Binsbergen, Dirk Broeders, 
Myrthe de Jong and Ralph Koijen

20	Building a distribution builder: 
Design considerations for financial 
investment and pension decisions 
(2013) 
Bas Donkers, Carlos Lourenço, 
Daniel Goldstein and Benedict 
Dellaert

21	 Escalerende garantietoezeggingen: 
een alternatief voor het StAr 
RAM-contract (2013)

	 Servaas van Bilsen, Roger Laeven en 
Theo Nijman

22	 A reporting standard for defined 
contribution pension plans (2013) 
Kees de Vaan, Daniele Fano, Herialt 
Mens and Giovanna Nicodano

23	 Op naar actieve pensioenconsu
menten: Inhoudelijke kenmerken 
en randvoorwaarden van effectieve 
pensioencommunicatie (2013) 
Niels Kortleve, Guido Verbaal en 
Charlotte Kuiper

24	 Naar een nieuw deelnemergericht 
UPO (2013)

	 Charlotte Kuiper, Arthur van Soest 
en Cees Dert

25	 Measuring retirement savings 
adequacy; developing a multi-
pillar approach in the Netherlands 
(2013) 
Marike Knoef, Jim Been, Rob 
Alessie, Koen Caminada, Kees 
Goudswaard, and Adriaan Kalwij

26	 Illiquiditeit voor pensioenfondsen 
en verzekeraars: Rendement versus 
risico (2014) 
Joost Driessen

27	 De doorsneesystematiek in 
aanvullende pensioenregelingen: 
effecten, alternatieven en transitie
paden (2014)  
Jan Bonenkamp, Ryanne Cox en 
Marcel Lever

28	EIOPA: bevoegdheden en rechts
bescherming (2014) 
Ivor Witte

29	Een institutionele beleggersblik op 
de Nederlandse woningmarkt (2013) 
Dirk Brounen en Ronald Mahieu

30	Verzekeraar en het reële 
pensioencontract (2014) 
Jolanda van den Brink, Erik Lutjens 
en Ivor Witte

31	 Pensioen, consumptiebehoeften en 
ouderenzorg (2014) 
Marike Knoef, Arjen Hussem, Arjan 
Soede en Jochem de Bresser

32	 Habit formation: implications for 
pension plans (2014) 
Frank de Jong and Yang Zhou

33	 Het Algemeen pensioenfonds en de 
taakafbakening (2014) 
Ivor Witte

34	 Intergenerational Risk Trading (2014) 
Jiajia Cui and Eduard Ponds

35	 Beëindiging van de doorsnee
systematiek: juridisch navigeren 
naar alternatieven (2015) 
Dick Boeijen, Mark Heemskerk en 
René Maatman

36	Purchasing an annuity: now or 
later? The role of interest rates� 
(2015) 
Thijs Markwat, Roderick Molenaar 
and Juan Carlos Rodriguez

37	 Entrepreneurs without wealth? An 
overview of their portfolio using 
different data sources for the 
Netherlands (2015) 
Mauro Mastrogiacomo, Yue Li and 
Rik Dillingh



38	The psychology and economics of 
reverse mortgage attitudes. Evidence 
from the Netherlands (2015)

	 Rik Dillingh, Henriëtte Prast, 
Mariacristina Rossi and Cesira Urzì 
Brancati

39	Keuzevrijheid in de uittreedleeftijd 
(2015) 
Arthur van Soest

40	Afschaffing doorsneesystematiek: 
verkenning van varianten (2015) 
Jan Bonenkamp en Marcel Lever

41	 Nederlandse pensioenopbouw in 
internationaal perspectief (2015) 
Marike Knoef, Kees Goudswaard, 
Jim Been en Koen Caminada

42	 Intergenerationele risicodeling in 
collectieve en individuele 
pensioencontracten (2015) 
Jan Bonenkamp, Peter Broer en 
Ed Westerhout

43	 Inflation Experiences of Retirees 
(2015) 
Adriaan Kalwij, Rob Alessie,  
Jonathan Gardner and Ashik 
Anwar Ali

44	Financial fairness and conditional 
indexation (2015) 
Torsten Kleinow and Hans 
Schumacher



n
et

sp
a
r

in
d

u
st

r
y

se
ri

es

design 44

design
 44

This is a publication of:

Netspar

P.O. Box 90153

5000 LE Tilburg  

the Netherlands

Phone +31 13 466 2109

E-mail info@netspar.nl

www.netspar.nl

October 2015

Financial fairness and conditional indexation

Collective pension contracts can generate advantages for their participants by 

implementing forms of risk sharing. To ensure the continuity of a collective 

scheme, it has to be monitored whether the contracts offered to participants 

are financially fair in terms of market value. In this paper, Torsten Kleinow 

(Heriot-Watt University) and Hans Schumacher (TiU) use a stylized overlapping 

generations model to study financial fairness for a conditional indexation 

scheme.

Financial fairness and 

conditional indexation

Torsten Kleinow 
Hans Schumacher

http://www.netspar.nl



