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1. Introduction

The purpose of the present study is to examine the ageing problem in the EU Candidate Countries of
Central and Eastern Europe (the CEECs). It leads to an argument for partial pre-funding of
pensions, within the public sector schemes or in the newly created privately managed pillars.

The argument for partial funding is more general and could be applied to any country with a pension
system with relatively high replacement rate and little or no funding. This would include almost all
current EU Member States. The present paper is, however, confined to illustrations based on the
orders of magnitude typical for the CEECs, and leaves it to further research to apply the approach
more generally.

1.1. Description of initial conditions in the CEECs

The former socialist system left the CEECs with a legacy of relatively low retirement ages. The
statutory retirement age for men was often 60 years, 55 for women, with an effective average
retirement age well below these figures.

In the mid-1990s the replacement rates (measured as ratio of average pensions to average wages)
were close to or above 60% in the Czech Republic, Hungary, Latvia, Poland and Slovenia; 40-50%
in Bulgaria, Estonia, Romania and Slovakia; and 30% in Lithuania.

System dependency rates (pensioners/contributors) were (and still are) high, often well above 50%,
much higher than in the industrialised countries.

In all the countries mentioned, pay-as-you-go (PAYG) pension systems were in operation.

The contribution rates in those countries where replacement rates are high, often topped up by other
social security contributions, approached and even exceeded 50% of wages.1

This is only a snap shot of the situation pertaining in the late 1990s. Adding to challenges faced, the
ageing of populations as projected in the UN forecast of 1998 presents a far more worrying picture
than that envisaged in Western Europe.

Figure 1 depicts the projected development of the old age dependency ratio (OADR), defined here
as the ratio of the population over 60 years of age to 20-59 years old, in the 10 CEECs up to 2050
according to the latest UN population forecast. It rises more than the corresponding figure for EU-
15 on average, still continuing to rise after 2050. The Czech Republic and Poland are depicted as
the countries with the highest and the lowest paths among the 10 CEECs.

The figures in Figure 1 are based on the medium forecast, while Figure 2 gives the figures for the
high and low population growth scenarios, respectively, for the average of the 10 CEECs. Even in
the high growth scenario the OADR roughly doubles its current level by 2050, though in this
scenario, fertility rates for most of these countries are assumed to rise to about 2.1, much higher
than their current rate. In the case of the medium and low growth scenarios, the notable feature is
that the OADR still continues to rise after 2050, a factor which cannot be disregarded.

1 The rough description above is based on Müller (2000) and Cangiano et al. (1998).
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Figure 1: Old age dependency ratio
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Figure 2: Old age dependency ratio
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Figure 3: Old age dependency ratio
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Figure 3 completes the picture with medium growth scenarios for Turkey, Cyprus and
Malta. For these countries, and for Turkey in particular, the OADRs are at a lower level,
but in terms of projected economic effects, their rise is more significant: for Cyprus and
Malta they rise almost as fast as for the CEECs, and even faster for Turkey.

To sum up, in the mid-1990s in the counties with relatively high replacement rates the
cost of pensions rose in an unsustainable way, while in others, pensions were adversely
hit, causing poverty among the elderly populations. The re-establishment of a social
safety net became necessary.

1.2. Outline

In Section 2 we review the basic concepts of pension systems and give a short review of
the literature of the respective merits of the pay-as-you-go (PAYG) and fully funded (FF)
pension systems.

In Section 3 we present an argument for partial funding based on the notion of inter-
generational fairness in a situation where pension expenditure as compared to wages
increases due to low fertility and increasing longevity. The argument leads to a formula,
which rigorously ties the contribution rate and the need for funding to the fertility rate
and longevity, producing a simple and easily understandable pension reform rule.

In Section 4 we present scenarios for pension financing using data representing a typical
CEEC where the pension replacement rate is relatively high, showing the need for partial
funding following from the rule for inter-generational fairness. It is explained that partial
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funding can take place within a public sector administered system or in a partially
privatised second pillar.

In Section 5 we analyse partial funding and privatisation in a broader context of public
sector finances emphasising the need for a consistent framework to cover the many
different institutional options available for pension financing. There, we also make
preliminary comments on related issues like health expenditure, labour market distortions
and on the effects of family allowances (as a possible determinant of fertility) and
migration on pension financing.

Section 6 concludes, giving the general thrust of the present paper for designing pension
reforms.

2. The basics of the PAYG and FF systems

The objective here is to briefly summarise the very basic concepts needed to discuss
pension systems and to give a short review of the literature of the respective merits of the
pay-as-you-go(PAYG) andfully funded(FF) systems. The basics are presented with the
help of figures that resemble the orders of magnitude in many of the CEECs, or in any
country with relatively high replacement rates and high and still increasing old age
dependency ratios.

2.1. Basic arithmetic

We present the basic arithmetic of pension financing with the help of stylised examples
in Tables 1 and 2, presenting for each case figures representing a steady path. More
substantive questions related to each mode and to transition from one system to another
are discussed in later sections.

We begin by assuming a stationary population, and in the first example, all employees are
assumed to work for 35 years and enjoy retirement for 15 years. The replacement rate
(pension/wage –ratio) is assumed to be 70%. This is not particularly high, since in this
simplified calculation, in addition to the statutory old age pension for the employee, it
also includes the survivors and disability pensions that normally add to costs of old age
pensions.

Under these assumptions in the PAYG system, the contribution rate to cover current
pension payments is (15/35)*0.7 = 30%.

In the FF system the contributors pay a certain percentage of their wages as a contribution
which is invested in a fund that earns an interest. Pensions are paid as annuities from the
capital and proceeds of this fund. We calculate the contribution required to arrive at a
pension of 70% of the wage (assuming that annuities are indexed to the average wage
rate to get a perfect parallel to the PAYG pensions).

For a stable solution the rate of interest must be higher than the growth rate of the wage
bill. This difference is most often assumed to be one to two percentage points. For the
CEECs, where one expects relatively high growth rates of real wages, this order of
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Table 1. Pension financing: steady path with a constant population

Active years 35 36

Retirement years 15 14

Replacement rate 70% 72%

Rate of interest - w 2% 1% 2% 1%

Contr. in PAYG 30.0% 30.0% 28.0% 28.0%

Contr. in FF 18.0% 23.3% 16.8% 21.7%

F/wage bill 600% 670% 562% 627%

OADR 43% 43% 39% 39%
Legend:w = change of the wage rate

Table 2. Pension financing: steady path with a changing population

Active years 35

Retirement years 15

Replacement rate 70%

Change of population p -0.5% 0.5%

Rate of interest – w 1.5% 0.5% 2.5% 1.5%

Rate of interest - (w+p) 2% 1% 2% 1%

Contr. in PAYG 34.0% 34.0% 26.5% 26.5%

Contr. in FF 20.5% 26.5% 15.7% 20.5%

F/wage bill 671% 748% 536% 600%

OADR 48.5% 48.5% 37.8% 37.8%
Legend:w = change of the wage rate

magnitude should be sufficient as it maintains real interest rates above the real long term
rates in EU-15 (which is a well-based assumption otherwise).

As pensions and the interest rate are assumed to be indexed to the wage rate, the wage
rate is taken as the unit of account. Results drawn are thus valid for any assumptions of
wage rate movements, real or nominal, or of inflation.

For an individual contributor, the pension fund first accumulates and then goes to zero
after 15 years of retirement. At each point in time the fund corresponds to the actuarial
value of the acquired pension rights of the employee or the rights still to be utilised by the
pensioner. We aggregate over all employees/pensioners and calculate the total amount of
pension funds, which is of course constant in a stationary world.

Table 1 gives the key variables as a percentage of the wage bill in both PAYG and FF
systems under two alternative assumptions of sharing time between work and retirement,
and of the interest rate. The (real) interest rate is either two or one percentage points
above the annual change of the (real) wage rate.

Under the above assumptions pension expenditure as a percentage of the wage bill is the
same in both systems. It is also, by definition, the contribution rate in the PAYG system.
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Contribution rates in the FF system are considerably lower than those in the PAYG
system as the proceeds from the fund make up the difference. Thus, the figures should
illustrate clearly how the same expenditure is financed in two different ways in the two
cases.

Lower interest rates naturally require higher contributions and a larger fund.

The latter two columns show that an extension of working life, assuming that the
employee earns a two percentage point increase in pension for each additional working
year, lowers the cost of pensions by roughly seven per cent.

The fund as a percentage of the wage bill varies in these examples between roughly 560%
and 670%. To obtain a rough measure of what these figures mean in terms of per cent of
GDP, they should be divided by three for the CEECs and by two for the more advanced
economies (EU-15), this difference stemming mainly from the lower ratio of wage and
salary earners to labour force in the CEECs.

Note that given the same pension rights in the two systems, the amount of fund in the FF
system, which by definition matches the present value of acquired pension rights (of both
current pensioners and employees), also gives the implicit liabilities of the PAYG system,
also calledimplicit pension debt, which has to covered by future contributions (for a
presentation of this and related concepts see Holzmann, Palacios and Zviniene, 2000).

Table 2 gives the corresponding figures for populations which either increase or decrease
steadily by half a per cent per year. Working life is assumed to be 35 years and retirement
15 years. The assumption of the steadily rising or declining population, with the survival
rates in each age group assumed to be given, means that the fertility rate is either above
or below the 2.1 births per woman, which would keep the population constant.

The first example resembles the growth of populations in the 1950s and 1960s in Europe,
while the latter slightly underestimates the ageing problem, as the current and expected
fertility rates in the CEECs and EU-15 indicate that populations may well be starting to
decline faster than 0.5% a year. Taking the decline at 0.5%, FF funds or implicit debt in
the PAYG system would be around 700% of the wage bill.

The figures for the contribution rates and especially for the size of the fund under
alternative assumptions give a rough idea of the orders of magnitude of key variables and
display the internal logic of the two alternative financing systems. We turn next to a
comparison of the two basic systems with respect to their various merits and to the much
broader issue of transition from one system to the other.

2.2. The respective merits of the PAYG and FF systems

Discussion on the respective merits of the PAYG and FF systems has recently been very
heated indeed, as top experts have felt the need to clarify their views and arguments. We
shall review below the most important aspects and contending arguments.

The cornerstone of analysis and most influential for policy was the World Bank’s
“Averting the Old Age Crisis, Policies to Protect the Old and Promote Growth”,
published in 1994. The key recommendation was to create a mandatory, fully funded,
privately managed, defined contribution, individual accounts based pillar, which would
cover a large proportion of occupational pensions and hence supplement the public
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PAYG defined benefit pillar, which would provide basic pension benefits. A third pillar
of voluntary pension insurance, obviously fully funded, would complement the system.

The recommendation for the second pillar - the mandatory FF pensions - later became the
object of particularly critical assessments, of which we want to mention four: (1) the UN
Economic Commission for Europe Economic Survey 3/1999 containing papers from a
seminar in May 1999, (2) Hans-Werner Sinn’s paper“Why a Funded System is Useful
and Why it is Not Useful”originally presented in August 1999, (3) Peter Orszag’s and
Joseph Stiglitz’ paper“Rethinking Pension Reform: Ten Myths About Social Security
Systems”from September 1999 and (4) Nicholas Barr’s paper“Reforming Pensions:
Myths, Truths, and Policy Choices”, IMF Working Paper 00/139 from August 2000.

The criticisms triggered clarifying responses from those who advocate an introduction of
a FF pillar, e.g. in a paper by Robert Holzmann entitled“The World Bank’s Approach to
Pension Reform”from September 1999.

Prior to these recent contributions, differences of opinion were often highlighted by
making a comparison of the pure forms of the two systems (and sometimes, as Diamond
(1999) put it, by comparing a well-designed system of one kind with a poorly designed
system of the other). Thanks to serious efforts by many discussants, many questions are
now more clearly formulated and answered, and the reasons behind remaining
disagreements are now better understood. Thus, there is now more consensus also on
policy advise than a few years ago. The merits of each system have become clearer, and
consequently many economists now think that the best solution is a combination of the
two systems, where details depend on the institutional environment, notably on the
capacity of the public sector to administer a public pension system and to regulate a
privately run system, and on the scope and functioning the financial markets. This also
means that a lot of detailed work on specific aspects of designing these systems is still
needed.

A review of the various points covered by this discussion is worthwhile because setting
up a multi-tier system requires that the interaction of its various parts be understood to
allow a coherent view of how the entire system works. The purpose is to explain the
essential points as briefly and non-technically as possible, while the reviews quoted have
easily extended to 20-40 pages. No attempt is made to give exhaustive references to
literature as most arguments and long lists of references are found in the papers
mentioned above.

1. A mandatory pension system

Whether the system is PAYG or FF, we mainly refer to the mandatory parts of pension
systems. For the PAYG it is self-evident that a contract between successive cohorts to
contribute to the pensions of the elderly in exchange for benefits when the contributor
reaches old age has to be enforced by law. In the case of the FF system, this is not equally
evident, but the argument shared by most is that it, or some part of it, must also be
mandatory to avoid free-riding of those who would not save voluntarily but rather, would
expect that in old age the (welfare) state would support them. Once the FF system is
mandatory, the state becomes involved in it in various ways, as a regulator and guarantor.
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2. Defined benefits or defined contributions

The PAYG system is often associated with defined benefit provisions, which normally
means that on top of a minimum amount the pension depends on the wage history of the
individual (sometimes up to a ceiling) and, during retirement, on average wage and/or
inflation developments. The FF system is mostly associated with defined contributions,
where the ultimate pension will depend on the contributions paid by the individual (or his
employer on his behalf) and the proceeds of the invested funds.

This dichotomy is not entirely correct as the link between benefits and contributions at
the level of an individual in a PAYG system can be made rather tight, if desired, even
mimicing a FF system by creating a notional fund with a notional interest rate. Recent
examples of this are the reformed Swedish, Polish and Latvian systems, where defined
contributions are put into a notional fund with a rate of return equal to the increase in
nominal wages. Also, some basically FF systems (like the occupational pension funds in
the Netherlands) are defined benefit systems, with contributions adjusted according to
earnings acquired (as this can be done only afterwards, it does not work exactly like a
pure FF system, but roughly so). Also, if the state guarantees, as it often does, a minimum
level of benefits in an otherwise defined contribution system, the system de facto
provides defined benefits up to a certain level.

3. Intra-generational redistribution

PAYG systems normally include an important element of intra-generational
redistribution e.g. a minimum pension level that benefits the poorest. This might be partly
neutralised however, by basing the contributions on uniform survival rates for all groups
while the low income retirees in reality have a shorter life expectancy.

Advocates of the FF system see it as an advantage that individual accounts help to
eliminate redistribution. This may be a valid argument, but one should also note that
redistribution can be reduced in the PAYG system by changing the parameters, and that a
FF system, if mandatory and therefore state regulated, may also include various elements
of redistribution, e.g. by setting uniform parameters for different groups, like gender.

4. Labour-market effects

As contributions to PAYG system are often paid by employers and as the link between
contributions and pension at employee level is only loose, PAYG contributions are often
treated like any other taxes on wages, thus causing a tax wedge between the cost of
labour and income received by the employee, and a consequent loss of welfare. One of
the most important arguments put forward by advocates of the FF system is that
contributions to these funds can be equated with individual savings, thus avoiding any
distortion of the labour market.

This dichotomy gives an exaggerated picture. Often in the PAYG system there is also a
link between contributions and benefits, though not a perfect one, and it can perhaps be
tightened. Furthermore, a mandatory FF system probably also causes some labour market
distortion as it covers those who would not willingly save, and because uniform
parameters may cause redistribution between different groups (See Sinn, 2000, pp. 400-
402, and especially Orszag and Stiglitz, 1999, pp. 23-26 for more detailed analysis).
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5. Administrative costs

The efficiency of each system depends, among other things, on administrative costs. Not
surprisingly, they are considered to be higher in the FF system, and sometimes so high
that efficiency can be questioned (Orszag and Stiglitz, 1999, pp. 29-32). Obviously,
results will vary between Western countries and transition economies.

6. Does FF have higher rate of return than PAYG?

The most important – and the most controversial - argument put forward by advocates of
the FF system is that a transition from a PAYG to a FF system increases welfare by
improving allocation of capital, in addition to the positive effect via the labour market
(point 4 above) net of possibly higher administrative costs (point 5).

For sceptics, this is not so clear. They point out that the difference between the rate of
return to accumulated funds in the FF system and the implicit rate of return in the PAYG
- which is equal to the rate of increase of the wage bill - has misleadingly been given as a
proof of the superiority of the former. Sinn (2000, pp. 391-395) neatly develops the
argument that (under certain conditions) this difference only reflects the gains that
previous generation(s) received when they did not (fully) contribute to the newly
established PAYG system but enjoyed the benefits. These ‘introductory gains’, as Sinn
calls them, led at the time to an accumulation of implicit debt, and the difference between
the two rates precisely covers the interest on this debt. The burden is either carried by all
future generations or by one or more future generations through reduction of the implicit
debt by cutting future pension rights or increasing contributions. Thus, Sinn (2000)
shows why the difference in rates of return does not prove the superiority of the FF
system over the PAYG (see also Sinn, 1997, pp. 5-8, and Orszag and Stiglitz, 1999, pp.
14-16).

The above argument assumes a uniform rate of return on financial assets. Advocates of
FF maintain that transition to funding makes it possible to exploit the difference between
returns on equity over bonds. However, this improves general welfare only if the rates of
return on capital are generally higher with funding than without, i.e. if real capital as a
whole is allocated and used more efficiently. Advocates of the FF system tend to answer
this positively, as they believe that pension funds (if properly administered) improve the
functioning of financial and capital markets more generally (e.g. by providing liquidity).

Sceptics do not find convincing arguments for improved allocation of capital under
funding, maintaining that the distribution of financial wealth between equity and bonds is
a separate matter, and that the individual accounts as such do not lead to welfare gains, as
one form of debt, the implicit pension debt under PAYG, is merely transformed to
explicit government debt.

The advocates of funding note that abstract models of capital markets do not provide an
answer, notably in transition economies, where markets are far from perfect and funding
could cause shifts in portfolios that involve pension liabilities equal to several times
annual GDP (Holzmann, 1999a). They thus maintain that establishing a multi-tier system
can increase welfare if properly implemented.

In turn, sceptics may sarcastically ask why, if semi-public funds like mandatory pension
funds are a miracle, do governments not borrow regardless of pension financing and
create trust funds that contribute to general welfare in the same fashion.



- 10 -

They may also doubt whether pension funds (where ownership always remains blurred)
contribute positively to better allocation of capital or improved governance of enterprises
(e.g. Eatwell, 1999, pp 61-62). Interestingly, the said sceptics can come from quite
different schools of thought. Some neo-liberals may fear “pension fund socialism”, while
some Keynesians may suspect that herd behaviour among fund managers causes harmful
instability in financial markets.

7. Each system is exposed to different risks: mixture is optimal

Both systems have their relative merits in one more respect: the sustainability of the
systems as a whole and also individuals in those systems are liable for different types of
risks. In short, the PAYG system is vulnerable to demographic risks (i.e. burden increases
if ageing shifts abruptly) and political risks, whereby at some stage the young generation
may abandon the commitment to pay and leave the elderly without pensions (for a formal
analysis see Cremer and Pestieau, 2000).

The FF system is naturally vulnerable to financial market risks (i.e. variations in rates of
return that might be affected by any exogenous shocks), but also internally to bad
management or outright corruption, a risk that should not be forgotten. It is often asserted
that the FF isolates the system from demographic risks. This is true if the rate of return on
the funds does not depend on demographic factors. This might be a relatively safe
assumption, but in a closer analysis one should recognise that as ageing affects savings, it
should also affect rates of interest. Brooks (2000) has produced simulations showing that
the baby boom generation loses significantly in the FF system due to a fall in interest
rates due to population ageing. The same scenario was produced in a recent Merrill
Lynch report “Demographics and the Funded Pension System” (2000).

Thus, although the difference in exposure to different risks might not be so big, it still
plays a role, and a mixture of the two systems is therefore probably an optimal way to
reduce aggregate risk. The content and relative size of each pillar should then depend on
various institutional factors and other details.

8. The real question: cost of transition to funding and inter-generational fairness

Comparing the relative merits of FF and PAYG is not sufficient to advocate switching
from one system to the other. Moving from PAYG to FF inevitably means that the
generation in active service during the transition will pay more than it would if PAYG
were continued.

However, this is not a sufficient argument against transition to funding as one purpose for
the transition could precisely be to change inter-generational income distribution in
favour of future generations. Accepting this, Holzmann (1999a) gives four principal
solutions for financing the transition: (1) partial default on promises, (2) use of proceeds
from privatisation, (3) controlled debt financing during the early years, and (4) fiscal
measures outside the pension system.

Again, it has been said that all this can also take place without individual accounts in the
FF pillar. Benefits in the PAYG system can be cut, proceeds from privatisation can be
placed in a fund and subsequently used for pensions, thus reducing the required
contribution level. For the latter two measures the basic idea is that implicit pension debt
is made explicit and then repaid by public sector savings (increased government revenue
or reduced expenditure) over a period of one generation or more, as the case may be.
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However, if a public PAYG system is extended to allow deviations from zero balance,
then it can also be used to generate savings within the public sector and alleviate the
burden of future generations. Orszag and Stiglitz (1999) call this ‘broad pre-funding’ as
distinct from ‘narrow pre-funding’ under individual accounts. In both cases the current
generation “pays twice” (i.e. pays for the pensions of current pensioners and for its own
future pensions, or at least partly so).

As a conclusion, although inter-generational redistribution can be affected by a transition
from one system to the other, the same effects may be generated by adjusting the
parameters of either system. A wider analysis is required for more precise results.

To fully respect the previous literature we should still mention one important aspect that
has been debated. It is the question of whether funding, whether it takes place by
accumulating a fully funded pillar or within a partially pre-funded PAYG system, has an
effect on aggregate savings in the economy, and hence transfers real resources from one
generation to another.

Firstly, as to whether private saving decreases as a result of increase of pension funds, the
prevalent view is that private savings may react negatively to increased funding, but not
to the extent that it would fully offset the positive effect on the saving rate.

As to public sector saving, the answer will depend on gearing the policy more generally.
In Section 5 we analyse cases where accumulation of pension funds within or outside the
public sector needs to be taken into consideration in assessing public sector saving,
deficit and debt.

3. Partial funding for inter-generational fairness

The review of previous literature left us puzzled as to the relative merits of each system,
and to the desirability of transition from one to the other. If the general result is
interpreted as favouring a mixture of the two systems, the question as to how fast and in
what circumstances that transition should take place remains open.

In this section we develop a rather simple quantifiable rule according to which fairness
between successive generations leads to the need for partial funding. Thus, an aspect that
should be inherent in the pension system itself is the driving force, without relying on
contestable arguments related to development of financial markets and improvement in
allocation of resources or any other aspects outside the pension system.

The starting point is the analysis by Sinn (2000) who shows, as explained above, that the
difference between the rate of return in FF and the implicit rate of return in PAYG (the
growth rate of the wage bill) as such does not prove that the former is more efficient. This
difference stems from the implicit debt that accumulated when the previous generations
were given ‘introductory gains’, i.e. they received benefits while not having (fully)
contributed to anybody’s pensions themselves. Had the first generation to benefit from
pensions first contributed fully, the result would have been a FF system.

Based on this, continuation of the PAYG system can be regarded, says Sinn, as
distributing the burden of past introductory gains evenly over all future generations. He
considers that the conditions under which this holds are not particularly restrictive, and
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he criticises various arguments put forward for a transition to a FF system. In short, a
rapid transition would put a heavy burden on the currently active working population.
The fairness of this is questionable (Sinn, 2000, p. 397).

Sinn (2000, p. 402-406) then moves to the demographic roots of the crisis of the PAYG
pension systems: normally the working generation pays for old age pensions and for
raising children, who in turn pay for the pensions of the previous generation. If the
current working generation chooses not to raise as many children as the previous
generation did, it is only fair that it payspart of its own pensions by saving now and
reverting to those savings when retired, hence easing the burden otherwise put on the
following generation, which will be smaller. This is thus an argument forpartial funding.

This opening is a useful one. We shall extend it and make it operational by putting
numbers on it, deriving easily understandable arguments for partial funding and for its
order of magnitude in coming decades.

For the exercise we need a definition of fairness: each generation pays the same
proportion of salary to get the same level of pension rights in “similar circumstances”,
which we explain below.

As already seen, in a steady path (determined by demography and a constant interest rate)
both FF and PAYG systems are equally fair.

Let’s first remind ourselves that such steady paths may include constantly decreasing or
increasing populations. Thus, low fertilityper se, and hence reducing population is not a
sufficient argument for partial funding. This was illustrated in Tables 1 and 2 above
where in all cases, all successive generations pay the same proportion of salary to
pensions, including the case with the steadily reducing population.

However, the relevant questions arise when the pension system shifts from one steady
path to another. Each such path is determined by demographic variables like fertility and
life expectancy, pension system parameters like replacement rate, retirement age etc., and
the interest rate. As for the latter, in the simplified world as described in Tables 1 and 2
above, where everything is indexed to the wage rate, it is the difference between the
interest rate and the increase of wage bill that matters.

If any of these variables or parameters change, the system departs from the previous
trajectory towards another. Depending on the arrangements, some generations may gain
or lose. If the system is on a steady path, and any of these factors change, it takes at least
60 years for the system to settle down to the new steady path: this is the time required for
a new entrant to the labour force to leave the system (remember that even after his death
survivors pensions may have to be paid).

The crux of the matter for the next 50-60 years is that the system is not on a steady path
because the demographic factors have changed and are still changing. The burden of
pensions will increase particularly rapidly in the next 40 years because fertility has
decreased in the recent past and will remain low, and because life expectancy is
increasing.

To tackle the question of fairness between generations in a situation characterised by a
shift from one (hypothetical) steady path to another, an extension of the concept of
introductory gains by Sinn (2000) is useful:under a pure PAYG system, all cohorts that
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paid contributions when burden was lower than what it will be when they retire, get
introductory gains. Thus, not only will past and current pensioners have gained from this,
but also a large number of currently working cohorts will gain because they retire before
the whole system reaches a path of still higher burden. It is only fair to ask whether this is
justified, or whether the currently active should now pay in more than what is currently
paid to pensioners, thus accumulating funds into apartially funded system.

We shall present a formula for partial funding (technical derivation in the annex) and
illustrate it with Table 3. We assume the following:

The population is composed of children (E), adult labour (L) and retirees (R). The wage
rate is taken as the unit of account. Pension is a fixed proportion (p) of the wage rate.

For simplicity we assume that each of the three phases of an individual’s life, childhood,
work and retirement, are of equal length, which we define as unit period. To keep the
correspondence to the real world we assume, firstly, that the unit period corresponds to
30 years, as this is the average age of women at delivery. Secondly, as work and
retirement are technically assumed to be of equal length we adjust the replacement rate to
make it correspond with realistic numbers: in the illustration we set the replacement rate
at 30%, corresponding to 70% if working life lasts 35 and retirement 15 years.

The interest rate (r) is measured as the excess over the rate of change of the wage rate. In
the example we assume that it is 50% over the unit period, which corresponds to 1.36%
per annum over 30 years.

The population is assumed to have been stationary for at least two unit periods before any
change in demographics. Thus in period 0 the number of E, L and R are the same, set at
100.

With these assumptions in period 0 (with stationary population), the contribution rate (c)
required to balance the PAYG system is the same as the replacement rate, 30%. This is
taken to provide financing on a sustainable basis.

Then, in period 1 the working population decides to bear 20% less children than their
parents. This corresponds to a decline in the fertility rate from 2.1 births per woman
(constant reproduction) to 1.7. All successive generations keep the fertility rate at this
new level. From period 3 onwards this leads to a steady decline in the population at a
constant rate of 20 % over the unit period, or by 0.7% p.a.

Scenario 1 in Table 3 illustrates a pure PAYG system if the replacement rate is kept
constant. Pension expenditure as a share of the wage bill increases to 37.5% in period 2
and then stays at that level. This is also the required contribution rate.

In this scenario the adult generation in period 1 would pay 30% in contributions. Is this
fair? Given their decision to have less children their descendants would therefore have to
pay 37.5% of their wages in pension contributions. The working adults in period 1 would
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Table 3. Pension system shifting from a steady state to a low fertility path

Initial fertility preserves a constant population.
In period 1 fertility declines by 20%.
Initial replacement rate 30%.
Interest rate 50% over the unit period (1.36% p.a.)

Period 0 1 2 3 4
1 E children 100 80 64 51.2 41.0
2 L labour 100 100 80 64 51.2
3 R retired 100 100 100 80 64
4 W wage bill 100 100 80 64 51.2

Scenario 1: Pure PAYG, replacement rate constant
5 P pension expendit 30 30 30 24 19.2
6 P/W = contr. rate 30.0% 30.0% 37.5% 37.5% 37.5%

Scenario 2: Pure PAYG, contribution rate constant
7 Replacement rate 30% 30% 24% 24% 24%

Scenario 3: Partial funding, new contribution rate 34%
8 cL=total contributions 30 34 27.2 21.8 17.4
9 Interest income 0 0 2 1.6 1.3

10 Pension expenditure 30 30 30 24 19.2
11 F=fund 0 4 3.2 2.6 2.0
12 F/W 0 4% 4% 4% 4%
13 30*F/W 0 120% 120% 120% 120%

Legend:variables on lines 4-5, and 8-11 are measured in wage units.

reap the benefits at the expense of the others, while all adult generations from period 2
onwards would be treated equally amongst themselves, having the same number of
children per capita and paying the same proportion of their wages to pensions.

Scenario 2 illustrates a fairer solution. In the pure PAYG system, if the contribution rate
is kept constant and the replacement rate decreased correspondingly, the working adult in
period 1 receive the same treatment as the successive generations: they get a lower
pension because they initiated the decline in fertility. In a typical PAYG system this
requires that the accrual rate determining how many percentage points of pension is
earned per annum be adjusted downwards according to the decline in fertility. This
change should take place already in period 1.

The decrease in the replacement rate is a straightforward solution to the ageing problem
within a pure PAYG system. However, it is not the solution chosen in most countries, as
replacement rates are not systematically decreased.

Scenario 3 therefore assumes a constant replacement rate of 30% and answers the
question of how much the adults in period 1 should pay in order to be treated equally
with all successive generations. It shows that the fixed contribution rate that must be
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applied from period 1 onwards is 34%. The adults in period 1 pay into the pension system
4% of their salaries on top of current pension expenditure. This is put into a fund that
produces interest from period 2 onwards. The newly created fund alleviates the burden of
all successive generations, which all pay 34% as contributions. The fund as a percentage
of the wage bill stays constant at 4% (or 120% of annual wage bill, to keep the simple
correspondence to annual figures). Full funding in this structure requires a fund of 20%
of the wage bill in the unit period (or 600% of the annual figure).

Equations (1) and (2) give the formulas for the constant contribution rate (cn, n for ‘new’)
for all future generations after a change in fertility from full reproduction to1-sn (where
sn will ultimately be the rate of decrease of population), and the amount of fund as a
proportion of the wage bill (qn) thus created as functions of the given replacement rate,p,
sn as defined above, the interest rate,r, over the unit period (of roughly 30 years), and the
initial fund as a percentage of the wage bill,q0. Subscripto refers to the ‘old’ value until
period 0 and subscriptn to ‘new’ value from period 1 onwards. This case is more general
than Table 3 in that it allows for an initial fund in period 0.
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Next, recall that the replacement rate (p) in our simplified calculation is the product of
the replacement rate, conventionally defined as the ratio of pension to the wage rate, and
the ratio of time periods for retirement and work. The case where longevity increases and
the additional time is spent on retirement can be analysed as ifp increased. Note that the
new values become effective in period 1 if it is realised that those working in this period
will live longer, or if it is decided that the replacement rate for them is increased (thus
causing in both cases an increase in pension expenditure from period 2 onwards).
Equations (3) and (4) give the new contribution rate and the degree of funding, assuming
for simplicity a stationary population.
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With the same initial values as in Scenario 3, assuming an increase in longevity such that
the time on retirement increases by 10%, gives 32% as the new contribution rate (instead
of 33% in pure PAYG) and an increase of funding by 2% of the wage bill over the unit
period (or 60% of the annual wage bill).

The derivation of the more general formulas for the combined effects of simultaneous
changes in the parameters is given in the annex.

In deriving these formulas we have made a number of simplifying assumptions, e.g. that
there is a uniform, exogenously given interest rate, but this is intentional as it allows us to
distinguish the most inherent and important aspects of the pension system from other
aspects which merit to be analysed separately. The novelty of the formulas above is that
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they give contribution rates which treat successive generations fairly when one or the
other key factor in the pension system changes and the simple properties of a steady path
therefore do not hold. They determine the degree of partial funding necessary to carry
financing from one period to another so that each generation bears a fair share of the
inter-generational burden. Clearly, the formulas also hold for extreme cases like full
funding, where change in fertility, for example, does not disturb fairness.

It should be clear from the above that we have defined fairness as everybody facing the
same set of key parameters paying the same proportion of her/his wage to pensions. One
could explore aspects beyond these parameters and ask whether our definition of fairness
is too simple. We leave this, however, outside the present approach with the conviction
that, at the very least, our simple and easily understandable definition of fairness gives a
benchmark for any more thorough judgements.

With these tools the following section tackles the question of pension contributions and
partial funding with a data set that resembles demographic developments in CEECs.

4. Scenarios for a partially funded system

4.1. Data and the model

Based on the approach developed above, we construct scenarios for pension systems for
any country which inherited a high replacement rate and encounters a significant increase
in the old age dependency ratio. Most of the CEECs belong to this category.

We have two main criteria in mind when constructing the scenarios: a) the pension
system should be sustainable for the next 50-100 years and b) the burden should be
shared fairly between the generations as explained in the previous section.

We are using a set of annual data for a typical CEEC, on the basis of which we run
scenarios up to 2100 using a actuarial model developed by Patrick Wiese, named
Pension Reform Illustration & Simulation Model, PRISM (Copyright © 2000 Actuarial
Solutions LLC). The model produces detailed actuarial calculations for pension
expenditure and its financing, allowing numerous alternative financing systems. The
model captures the cycles of yearly age cohorts, based on assumptions of fertility and
survival rates, labour market participation, retirement, pension contributions as
percentage of wages, pension expenditure stemming from accrued pension rights etc., just
to mention the key features. Based on these assumptions and data for initial variables, the
model calculates, for example, pension system revenue and expenditure, the eventual
deficit or surplus and implicit pension debt. It is also able to simulate a transfer of part of
the contributions and pension rights to a fully funded pillar. Most parameters are
changeable, thus the model can be used to run any number of alternative scenarios to
analyse the impact of a change of any policy parameter or any demographic or other
assumption.

The model captures both the occupational pensions proper and survivors’ pensions
allowing for alternative benefit formulas. It is detailed in that it contains e.g. labour
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Table 4. Demographic assumptions for the scenarios

2000 2010 2020 2030 2040 2050

Fertility Rate 1.33 1.38 1.52 1.65 1.75 1.8

Average Lifetime Men after 60 16.4 19.7 22.0 22.2 22.2 22.2

Average Lifetime Women after 60 21.5 24.7 26.9 27.1 27.1 27.1

Old age dependency ratio* 33.2 36.7 45.3 49.3 65.6 75.7
* population 60+ over 18-59 years old, %.

market participation rates and numbers of survivors for each yearly cohort. There is no
need to report all such details here as we maintain many underlying features in all
scenarios and compare the results with respect to alternative assumptions on a few most
interesting variables or parameters.

The model can be used to illustrate developments in the next few decades, with the post-
WWII baby-boom generation retiring and small age cohorts entering into the labour
force. To see clearly the consequences of this we need to simulate at least 50 years ahead
in order to calculate the effects of changes in demographics, pension rights and financing
modes. We extend the simulations over 100 years, which makes it possible to analyse the
convergence to a (hypothetical) steady path and see whether pensions are financed in a
sustainable manner, avoiding exploding debt accumulation.

The model is detailed in depicting the pension system, but it is only partial in the sense
that it does not cover the interaction of the pension system with macroeconomic variables
like GDP per capita growth, rate of interest or inflation. However, this can be considered
a strength as in cases where we assume that pensions and all other relevant variables are
indexed to wages and simply take the wage rate as the unit of account (as in the previous
section). Under this assumption, the results are consistent with any development of the
wage rate (or GDP per capita), and therefore powerful due to very wide applicability.2

Inflation does not matter for most variables as we assume that pension expenditure is
indexed to wages.

The main driving forces are the changes in the two demographic variables, the fertility
and survival rates. For fertility rates in 2000-2050 we take a rough average over the
CEECs from the latest UN population forecast. The initial values for demographic
variables and for the projected survival rates come from Patrick Wiese’s data set for
Hungary, but as they resemble those of the UN data and forecasts for the CEECs on

2 Thus, throughout the scenarios we assume a simple indexation of pensions to average wages as this
helps us to concentrate on the effect of the replacement rate on other variables in a simple and
transparent way. In reality indexation is often imperfect, one purpose being a gradual reduction of
pensions as compared to wages. One model applied in some countries is 50/50 indexation to nominal
wages and price level. In such cases the outcome also depends on the assumed rate of increase of real
wages. Furthermore, we should combine the chosen indexation rule with alternative assumptions of the
accrual rate, because these two might be inter-related. Three assumptions on these three factors would
thus produce 27 different scenarios. The model we are using would allow us to run them, though there
is no reason to proceed in that direction in the present paper, where the main question is how fertility
and longevity should be taken into account in setting pension contributions and degree of funding. The
base case could be any of those 27 combinations, so it is clearly preferable to take a case with a simple
indexation rule as the base case to help make the results very general as they are independent of real
economic growth.
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average, our exercise is not limited to any individual country. Table 4 depicts the
assumed fertility rate, life expectancy at 60 years of age for men and women and the ratio
of population over 60 years to that of 18-60 years.

One important set of assumptions concerns participation rates. The model allows the user
to assume any rates for each age cohort and make them change in time. In all scenarios to
be reported below the participation rates for men aged 30-54 are assumed to increase
from a range of 81-90% to 83-93 from 1997 to 2025 and then stay at that level, and
correspondingly for women from 69-70% to 75-83%. It is beyond the scope of the
actuarial model to endogenise labour market participation with respect to pension
contributions or anything else and is therefore left for further studies.

The rate of interest is set by assumption and can be varied. It is assumed to be 1.5
percentage points above wage rate change. While it would be possible to present
scenarios with other assumptions, below we merely comment on the order of magnitude
of an effect of a change in this particular variable.

4.2. From unsustainable expenditure increase to a new base line

The starting point for the scenarios is a balance of the PAYG system in year 2000 with a
contribution rate of 35.7%. The accrual rate is 1.65 percentage points per year, which
gives a replacement rate of slightly below 60% after 35 years of service. In addition to old
age pensions come survivors and disability pensions. The average retirement age for men
is 59.5 and for women 55.5.

A set of three scenarios is illustrated in Figures 4 and 6. Scenario 1 is a ‘no policy change
scenario’ which leads to expenditure at 45% of the wage bill in 2020, and over 65% in
2060. The implicit pension debt in 2000 is 800% of the wage bill, reflecting not only
pensions in disbursement but also the rising expenditure caused by the future pensions of
the current work force. The figure increases to over 1300% in 2050.

The simple conclusion to be drawn from the first scenario is that the contribution rates,
given that there are also other taxes on labour income, should be rejected as economically
and politically unsustainable. Even with the best controls it would most probably lead to
massive evasion of contributions as people would, on good grounds, expect the system to
collapse, so incentives to comply with the rules would be weak or absent. (Here we leave
aside any arrangements whereby pensions are financed from other sources of public
revenue causing redistribution from other groups in favour of employees/pensioners.)

Thus, the conclusion which follows is that the pension rights must be cut in one way or
another. In introducing a scenario with reduced pension rights careful thought should be
given to whether somebody (or some generation) is losing something. It is true that some,
probably most, people will lose as compared to the mechanical historical extrapolation.
However, comparing to an illusion of a continuing trend is not very relevant, and a
(moderate) cut in pension rights does not necessarily mean that people would lose in
comparison with anything that could in reality be possible.

In what follows we do not take a position on what the maximal sustainable level of
pension rights might be, but we want to provide a method of moving in steps to arrive at
scenarios that could represent a sustainable path. This way we avoid jumping to a
scenario of a drastic cut in pension rights without being able to justify it as necessary. If
the result of the analysis is that the expenditure is too high for one or the other financing
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pattern, then we should go back and assume a further cut of the pension rights. Again,
note that it is the method and the orders of magnitude we want to present rather than any
precise numbers.

If the necessity to cut pension rights is the hard part of the chain of reasoning, we want to
make the adjustment as softly as possible by assuming that the accrued pension rights are
respected and the accrual rates are reduced only for future accumulation of pension rights.
This means that expenditure reductions follow only with a lag.

Scenario 2 in Figures 4 and 5 assumes a cut of the accrual rate to 1.25 percentage points.
This is a considerable cut, leading to a 44% replacement rate after 35 years of work.
Note, however, that most often the pension is based on the salary of the most recent years
before retirement, meaning that the base is higher than the average salary over the entire
working life. Also, progressive taxation means that the cut in net pension rights is more
moderate than in before tax figures.

Figure 4 shows that the effect of the cut of the accrual rate on expenditure is not big in
2020, but increases significantly afterwards. Expenditure would still be over 50% of the
wage bill after 2040 showing that it is probably not sustainable.

As another element of reducing expenditure we introduce in Scenario 3 in Figures 4 and
5 an increase in retirement age. We assume that the normal retirement age for men is
increased from 60 to 62, and that the average retirement age increases by 1.5 years. For
women the normal retirement age is assumed to gradually increase from 56 to 62 and the
average retirement age from 55.5 to 61 years by 2010. In the model these changes cause a
gradual adjustment to participation rates of employees near retirement.

The effect of this cut on implicit pension debt and on expenditure after full adjustment
(after 2030) is somewhat over 10%. It is not bigger because we assume that working
longer gives a higher pension. However, in the first years there is an additional
transitional impact on the expenditure as workers contribute longer and retire later. In
2010, for example, expenditure is more than 20% lower than in the previous scenario.

4.3. Fairness between generations: introducing partial funding

For the sake of argument we assume that pension expenditure in Scenario 3 in Figures 4
and 5 can be financed in a sustainable way. However, Figures 7 and 8 show that keeping
the contribution rate at 35.7% does not provide sufficient financing in the long run. True,
mainly due to increase of the retirement age, reserves are first accumulated, reaching
nearly 100% of the wage bill, but in 2050 the fund turns negative and debt explodes.

In addition, keeping the contribution rate constant would not necessarily be fair.
Therefore, the next step is to find a scenario in which each generation pays in fair
contribution amounts with fertility and longevity as forecast (Table 4 above) taken into
consideration.

The path for fairly adjusted contributions in Figure 6, Scenario 4, is based on the formula
in the previous section. We assume, following the principles of a PAYG system, that at
each point in time the contribution rate is uniform for all employees, starting with the
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Figure 4. Pension expenditure
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Figure 5. Implicit liabilities
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Figure 6. Reformed expenditure with constant and fair contributions
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Figure 7. Reformed expenditure with constant and fair contributions: fund
assets
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contribution rate for 2000. Thereafter, the rate is adjusted according to fertility and
longevity.3

We see that the peak contribution rate will be just above 40% in 2020. Thereafter it will
decrease because the effect of increased fertility is stronger than that of increased
longevity.

The fund reaches 133% of the wage bill in 2020, with a maximum amount of around 270
% in the late 2040s. Due to the assumed increasing fertility of generations active after
2050 and the assumed constant longevity, the fund decreases towards the end of the
century.

3 The new rate is calculated somewhat approximately in ten year intervals for the cohort in the
middle of working life, looking at past fertility and life expectancy at age 60. The adjustment in the
ten year intervals is assumed to be gradual.

This amount of partial pre-funding results from a policy to make the generation working
from 2000 to early 2030s pay more into the system than the current pension expenditure.
Otherwise they would not pay their fair share.

4.4. Administration of the accumulated funds

We cover the question of administration of a partially funded public pension system
outlined above only from the point of view of explaining whether the funds are classified
within or beyond the general government sector in national accounting.

In principle the accumulated fund could be inseparable from any other government assets
and liabilities, thus one component affecting government net assets or debts. A
straightforward case is that where the accumulated pension funds show as a reduction in
government gross debt. This is the case if government gross assets are determined by
factors other than those related to the pension system.

For various administrative and political reasons, the public pension system is normally a
separate sector within general government. As long as the funds are invested in
government bonds, the result in national accounting is the same as above. The limiting
case is one where the public, mandatory system is administered outside the government
sector proper. There are such cases, with involvement of labour market partners. If the
key parameters like benefit rules and contribution rates are still set by the government,
these funds are classified as part of general government. Thus their surplus or deficit is a
component of the general government financial balance. However, there can be an impact
on gross assets and debt. If the pension funds invest only part of their assets in
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government bonds and part in the private sector, then gross public debt depends on the
shifts between the two.4

4.5. Partial privatisation

The reform initiatives in many of the CEECs go beyond accumulating funds in the
reformed PAYG mono-pillar system by introducing multi-pillar systems with a
mandatory fully funded, defined contribution second pillar. Hungary, Poland, Latvia and
Croatia have legislated such systems and many others are in the process of preparing such
decisions (for a review of pension reforms in transition countries see Lindeman,
Rutkowski and Sluchynskyy, 2000).

Typically the new system is established by diverting a certain percentage of contributions
to the second pillar. In most cases the oldest employees stay in the old system, those of
middle age may choose transition, and the new system is mandatory for the youngest. For
those moving to the new system the benefits to be paid from the old system are gradually
reduced.

To illustrate the effects of transition to a partially privatised system, starting from year
2000, we take Scenario 4 above as the reference case, assume that total benefits remain
unchanged and that a uniform rate of interest prevails for all assets and liabilities. This
way we can show the pure effect of partial privatisation on key variables without possible
additional effects of the change in the management structure. The transition is assumed to
take place by diverting six percentage points of contributions of those who shift to the
new second pillar. Half of the contributors are assumed to shift immediately and the rest
follow in the two subsequent years.

The result is Scenario 5 in Figure 8, which depicts the main developments in implicit
debt of the first pillar (still to be called PAYG pillar as it operates on the same principles
as the mono-pillar PAYG system) and the assets of both the first and second pillars.

4 These questions do not arise in most EU countries, which have pure PAYG systems. In Finland
and Sweden the question of public pension fund management was deliberated in the late 1950s/early 1960s
when partially funded systems were established. In Sweden the funds remained mostly within the public
sector. In Finland, to alleviate the fear that the state would use the accumulated funds to take over
ownership of production, enterprises were given the right to pay pension contributions on credit (provided
that required guarantees were produced), with a scheduled repayment of the debt thus acquired. Until the
early 1990s, more than half of the funds were placed this way in the enterprises. Management of the funds
was designed so as to prevent domination of any specific interest. Thus, the funds operate outside the state
administration under supervision of the labour market partners, i.e. both employers associations and trade
unions, closely regulated by the government for the solvency of the system, but without direct interference
with investment decisions. – For a description of these Finnish institutions see Lassila and Valkonen
(2001). Adding to their information, it might be useful to understand that with the original rules set in the
beginning of the 1960s the degree of funding would have been relatively high if there were no inflation.
The funds earned a nominal rate of interest and the corrections for indexation of benefits were financed
from current contributions. Inflation, especially in 1970s, then led to drastically reduced funds.
Subsequently the funding rules were changed in the 1990s to guarantee about 25% degree of funding
irrespective of nominal economic growth. – The Finnish case is just one example of a pension system where
the long-run properties were not adequately reflected upon and the rules adopted led to inflation having a
perverse effect on the system.
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Figure 8. Partially privatised pension system: Scenario 5
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The immediate effect is that the first pillar goes into deficit of 3% of the wage bill. Later,
as more contributors shift to the second pillar and interest has to be paid on the
accumulated debt, the deficit increases further, but subsequently, as part of the benefits
are then paid from the second pillar, the deficit declines.

Our reference case has the additional element that it represents a simulation where total
contributions exceed pension expenditure in the early decades, therefore offsetting part of
the initial deficit in the PAYG pillar. Due to this, the peak of the deficit in the PAYG
pillar, 4.5% of the wage bill (slightly over one per cent of GDP), is passed already in the
second year. Thereafter the deficit declines and turns into a surplus in less than ten years.
This follows from the surplus of total contributions over pension expenditure, which is
highest, almost eight per cent of the wage bill, in 2010. Recall that there are various
factors behind this, notably the transitional effect of the increase of the retirement age.

Partial privatisation through creation of the second pillar does not necessarily take place
in a situation where partial funding was already foreseen. Therefore, the initial deficit
might be a more persistent problem than in the description above. In general, the initial
deficit in the PAYG pillar, and hence in the general government, depends on the size of
the newly created second pillar, and on the speed of the shift of the contributors. The
additional problem is that the speed of transition might be uncertain, depending on the
behaviour of the contributors. This causes uncertainty also for the general government
deficit, and hence for its use as a target variable in designing the fiscal policy stance.

If a shift to the second pillar is made under a binding restriction on the deficit, there is a
dilemma. Assuming that the surplus created in the second pillar will be outside the
general government finances, and maintaining the assumptions on pension expenditure,
raising the total contributions even more in the beginning of the transition than in
Scenarios 4 and 5 above becomes necessary. This raises the issue of too much burden
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being put on the currently active generation. This question would be the more significant
the higher the proportion of contributions to be shifted to the second pillar. The extreme
case is a transition to full funding where the whole stock of implicit pension debt of 800-
1000% of the wage bill would be repaid by the generation which undertakes this effort.
The contribution rates required could easily be seen as unjustly high.

Thus, one has to look into a number of aspects in order to judge whether the shift to the
second pillar causes a problem with the deficit and debt of the PAYG pillar, and if so,
how big a deficit. We shall return to this issue below in section 5.1.

Scenario 5 in Figure 8 illustrates further how the assets of the first pillar turn positive in
2012 as the second pillar starts to provide part of the pensions and hence reduces the
expenditure of the first pillar. Later, its assets again turn negative displaying the long-
term pattern that total assets in the entire system are the same as in the mono-pillar case
of Scenario 4: as the second pillar reaches its permanent level of assets of 260-270% of
the wage bill the corresponding reduction in the PAYG assets as compared to the mono-
pillar case appears.5

Overall, Scenario 5 in Figure 8 should illustrate the short- and long-term phases of
shifting part of the implicit liabilities in the mono-pillar PAYG system to explicit
liabilities (or to a reduction of its explicit assets as the case might be), and the
accumulation of second pillar assets. The initial deficit and the possible emergence of
permanent explicit debt as such should not prevent a reform creating a multi-pillar
system, but these consequences should be correctly understood in designing the reform
and appropriately coped with.

It should be recalled that we have described the transition to a two-pillar system assuming
that a uniform interest rate prevails in both of them. If this does not hold, there will be
additional shifts in disposable income between the groups covered differently by the two
pillars. Of course, the whole idea with the defined contribution second pillar is that its
members gain from the rate of return of its assets in the form of higher pensions, but also
take the risk of lower return. With the above we sought to show the benchmark case of a
uniform interest rate to highlight the pure effects of the transition on the structure of the
system.

Furthermore, if there are convincing reasons to believe that the creation and functioning
of the privatised second pillar increases the rate of return on capital overall in the
economy, general macroeconomic effects would also ensue, extending also to effects on
inter-generational fairness.

4.6. Sensitivity of results with respect to fertility, longevity and interest rates

One of the key variables determining the fair contribution rates and partial finding in
Scenario 4 (and subsequently in the privatisation Scenario 5; Figures 6-8) is fertility.
Naturally, its future development is unknown. Fortunately, this is not necessarily a big

5 The consistency of these figures can be confirmed as follows: when approaching a steady path in the
late 2100s the total pension debt in Scenarios 4 and 5 is about 900% of the wage bill. From the orders
of magnitude in Table 2 above we know that in the hypothetical case of full funding the contribution
rate would be somewhat over 20%. The six percentage point contribution to the funded pillar
compared to this is the same fraction as the second pillar assets compared to total pension debt.
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practical problem in applying the present approach for policy. The fertility figure needed
to set the contribution rates at each point in time is the average fertility of the currently
working population. As most of this population have already passed the fertile age, their
rate is already known. For the young adults the expected level should be used in the
calculation, and corrections should be made if the outcome differs from the expectation.
This way the set contribution rate for each generation would differ only slightly from the
ideal one.

As for longevity the decision-making problem is different. The figure to be fed to the
calculation of the contribution rate is the expected longevity of an average 45 year old at
each point in time. As the forecast concerns the development of longevity for 30 years
ahead, errors may occur. As continuing corrections to the forecast can be made, and as
the 45 year old would pay the corrected, fair contribution for a further 15-20 years, the
effect of the original forecasting error is cut to half.

As for the interest rate assumption – 1.5 percentage points above the change of the wage
rate – it is also an unknown variable. If this assumption is not valid but the interest rate is
lower or declines (due to ageing or for any other reason as discussed above), then the
contributions and partial funding need to be higher than in Scenario 4. For example, it
can be inferred from the formulas presented in Section 3 that if the interest rate is 0.5%
above the change of the wage rate, the contributions on average should be roughly 1.5-2.5
higher than in Scenario 4, with also a slightly different time profile.

The sensitivity of results with regard to these key variables, and perhaps some others, can
be illustrated with further scenarios, but for the moment we leave it to further research.

4.7. A note on some previous studies

There are previous studies that call for partial funding in a system otherwise based on
PAYG principles. Some of them, e.g. an IMF study by Chand and Jaeger (1996),
specifically tackle the effect of the post-WWII baby-boom generation by proposing
accumulation of funds to smooth the effects through temporary funding so that assets
would be run down by 2050.

The basic notion that ageing requires higher contribution rates and funding in the coming
decades to smooth the time path of pension contributions in the longer run is apparent in
many other studies. For example, Lassila and Valkonen (2000) present such simulations,
assuming changes in some policy parameters of a model which simulates the partially
funded system in Finland, and shows how the changes affect the distribution of the
burden between generations (under alternative assumptions of demographic factors).

The present study deviates from these previous ones by posing the question of inter-
generational fairness and by deriving the time path of contributions and funding as a
function of the key demographic factors. It leads, firstly, with the prevailing assumptions
to a need forpermanentpartial funding, as permanent as are the demographic factors, the
decreased fertility and still rising longevity. Secondly, our approach may lead to such a
time path for the contributions that they first increase and then decrease again. This is the
case if fertility increases again from the current very low level. Thus, a constant time path
for the contributions is not necessarily something to be striven for in all circumstances.
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5. Partial funding and privatisation in a broader perspective

5.1. Public saving, investment and deficit

Whether partial pre-funding of pensions increases saving and hence transfers resources to
future generations is a basic question which cannot be fully answered with a partial
model looking only into the pension system. To illustrate the nature of this question we
make a deviation to the data on Western Europe.

In Figure 9 we show saving as a percentage of GDP in a sample of 11 EU Member States
from 1960-1999, the total for these economies and divided into general government and
private sector saving (the figures are for net saving, i.e. gross saving minus depreciation).
Figure 10 gives general government net investment and net saving, their difference being
general government deficit.

In the 1950s, collective saving in the form of general government saving was in these
countries quite commonly 5-10% of GDP. Then, it was on average normally 2-3% of
GDP until it went negative in 1975, and remained so for long periods at –2% to –3% of
GDP (Figures 9 and 10). General government investment declined fairly steadily, perhaps
reflecting decreasing need for physical capital investment within the public sector (note
that neither maintenance of physical capital nor education expenditure are counted as
investment in national accounts). Thus, movements in public deficit were mostly
associated with movements in saving (Figure 10). Private sector saving was rather stable
or moved in the same direction as government saving, with the notable exception in
1993-1999 when government saving increased (dissaving reduced).

Combining these observations with the introduction of the (mostly) PAYG pension
systems in Western Europe, the following story could be told:

The generation working from 1945-75 generated public savings (most often used to
finance public investment, although the form in which capital is accumulated is not
important for the argument here). From 1960-90 this generation took back part of those
savings in the form of pensions, after having established - circa 1960 in most counties -
public pension systems (pure PAYG in most countries, with some pre-funding in the
Nordic countries). This could be considered fair as they saved so much earlier. The same
cannot, however, be said about later developments. Those who entered the labour force
after 1970 did not save collectively, but rather, reduced the public sector net assets, and in
addition, had far fewer children than their parents. On top of this, they reduced private
saving when public saving increased from 1996-99. Yet, – if pure PAYG is continued –
they plan to make the next generation pay their pensions.

This is not to draw a parallel between the developments in Western Europe in the last 40
years and the EU candidate countries presently, as the situations and economic
arrangements are so different in many ways, but we want to draw attention to a minimum
set of macroeconomic variables needed to make a consistent analysis.

Our Scenario 4 with fair contributions and partial funding foresees the surplus in a PAYG
system rising to over 10% of the wage bill in 2010, and further to 14% in 2020 and 17%
in the 2030s. As percentages of GDP these figures are nearly 3%, 3.5% and more than
4%.
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Figure 9. Net saving as a percentage of GDP in 11 EU Member States*
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Figure 10. General government net investment and net saving as a percentage of
GDP in 11 EU Member States*
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With regard to these numbers we have to make a methodological comment: so far we
have analysed and presented figures only for various ratios like contribution and
replacement rates, and assets and liabilities in relation to the wage bill, and we have
specified an assumption for real interest rate. In our analysis, these figures do not depend
on inflation. To present figures for deficit or surplus of the pension system in the
conventional sense we need an assumption on the inflation rate as nominal interest rates
include an inflation premium (by definition in our analysis). In all our scenarios we
assume a gradual decline of inflation from 8% in 2000 to 3% in 2006 and onwards. This,
combined with e.g. an assumption of real wage growth of 3% p.a. and real interest rate
1.5 percentage points above that, gives us a nominal interest rate of 7.7% from 2006
onwards. As this produces the interest income or expenditure of any financial assets and
liabilities in our scenarios, the surplus or deficit figures depend crucially on the assumed
rate of inflation, leading to higher figures the higher the rate of inflation and vice versa.
As modifying the results for other assumptions on inflation would only require a rather
straightforward calculation based on the stock of assets or liabilities in the previous year
we omit it from the present paper.

We already noted in the previous section that partial privatisation, based on orders of
magnitude typical to some reforms in the CEECs, could cause an initial deficit in the
PAYG pillar (although only over a few years and perhaps 1.5% of GDP), a noticeable
difference as compared to the surplus created in the mono-pillar PAYG case with the
same total contributions and benefits.

As surplus or deficit of the PAYG system, whether it is mono-pillar or the first pillar of a
multi-pillar system, is part of general government balance, we next look into alternative
cases that may appear when combining pension funding and possible constraints on
government deficit.

Firstly, what matters for inter-generational fairness of financing pensions in situations
where fertility has declined and longevity increased is collective saving (net of
depreciation), whether it takes place within the general government sector or in a
mandatory second pillar. Collective saving may or may not be sufficient in this regard.

Secondly, general government deficit, by definition the difference between government
net investment and saving, may or may not be constrained by low creditworthiness of the
government and/or by a politically imposed ceiling on deficit or debt, or both.

These two factors produce four possible combinations:

1. Sufficient collective saving & restrictions on government deficit not binding:more
likely if mono-pillar PAYG were partially funded. To keep the economy on a sustainable
long-run path attention needs to be given to sufficiency of public investment and
ambitious enough targets for general government surplus.

2. Sufficient collective saving & restrictions on government deficit binding:more likely if
government investment is high or if a transition to a partially privatised pension system is
underway. Pension fund privatisation may have a harmful effect on government
investment or lead to excessive burden on the current generation (if the resulting public
deficit is rapidly reduced). Can also lead to postponing privatisation of the pension
system.
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3. Insufficient collective saving & restrictions on government deficit not binding:low
deficit likely to be a sign of low public investment and general stagnation. Take-off
requires general policy measures. Increased pension funding could be a welcome addition
to financing the reviving investment.

4. Insufficient collective saving & restrictions on government deficit binding:increased
pension funding instrumental in getting the economy to a sustainable long-run path.
Restriction on deficit could lead to postponement of pension system privatisation.

Partial funding within a mono-pillar PAYG system would hardly be harmful, no matter
what the circumstances. A pension reform clarifying the rules as regards distribution of
the pension burden between successive generations as understandably as possible, could
be useful in that it would provide a framework for separating pension decisions from
other fields of both public and private economic decision making. Even in an extreme
case where collective saving is already sufficient to transfer resources to future
generations, increased funding is not necessarily harmful as saving can be
correspondingly decreased in other parts of the public sector.

The problem cases are those where partial privatisation may lead, under government
deficit already at a critical level, to harmful reduction of public investment or excessive
saving. Whether this is likely to happen will depend on the speed of privatisation, the
desired level of collective saving and the content of the possible restrictions on public
deficit. For these cases, it would be useful to establish rules to look consistently into
saving within the pension system as a whole, including both the public sector pillar and
the mandatory privatised pillar in order to solve the conflicts between competing targets.

5.2. Health expenditure

The approach presented in this paper can be extended to other age-related public
expenditure besides pensions. The closest and quantitatively important item is health
expenditure. No attempt is made here to analyse it in detail. We mereley note the basic
principle and give a very rough estimate of the order of magnitude.

In EU-15 health expenditure is roughly one third of pension expenditure, and about 40%
of it goes to those aged over 65 years (McMorrow and Roeger, 1999, p. 17). In the
CEECs the proportion of public health expenditure of GDP is roughly the same as in EU-
15, though more detailed data on its structure is not available for the present study.

Health expenditure does not necessarily grow proportionally to longevity as people may
stay healthy for longer than before and as a significant proportion of health expenditure is
consumed in the final months of life. Yet, rough estimates show that it grows at least
almost proportionally to ageing. Thus, as a first approximation, the figures representing
the rise of pension expenditure due to ageing need to be scaled upwards by about one
third if one wants to take into account the increase in health expenditure.

More specifically, if health expenditure is part of general government expenditure, then
the target for general government saving in the next decades should be increased in the
same fashion as for pension expenditure. With the figures for Scenario 4 above, the
targets for public saving by 2010 and 2020 should be 4% and 4.5% of GDP instead of 3%
and 3.5%.
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If part of health expenditure is met by mandatory private-sector managed insurance,
regulated by the public sector authorities, then the arguments related to privatisation of
pensions applies,mutatis mutandis, leading to the conclusion that reserves should be
accumulated in those insurance schemes.

5.3. Increased pension contributions and labour market distortion

As compulsory pension contributions cause a labour market distortion of some degree the
increase of contributions required for pre-funding will initially aggravate this problem.
This is not, however, a sufficient reason to dismiss pre-funding, as one should analyse
this with a time perspective covering the future generations which would benefit from
pre-funding.

In implementing the policy of increased pension contributions over the next 30-40 years
one should also consider the structure of taxation more generally. If there are other taxes
on wages and if the revenues are used for purposes other than those directly linked to
work and employment, perhaps they could be reduced and replaced by other taxes in
order to make room for an increase in pension contributions. This would keep the labour
market distortion unchanged or reduce it, as pension contributions, if properly based on a
consistent framework of inter-generational equity, could be linked to pension benefits in
an understandable and commonly accepted way. If the link between the contributions and
benefits is made clear in a modified PAYG system with pre-funding as necessary, the
labour market distortion need not represent a much bigger problem than in a defined
contribution fully funded pillar.

As to the sustainable level of pension contributions, no fixed view is taken in the present
paper. The starting point in the scenarios was the 35% contribution rate, which is
currently common in many CEECs. Our argument was that a 50% and subsequently even
60-70% contribution rate required to balance the books of a pure PAYG system, with no
change made in policy, is not sustainable. Thus, we argued that benefits need to be cut
and retirement age increased. We produced a scenario with pre-funding where the
contribution rate would increase to 40%. It could be sustainable, if it held for the current
35% rate, especially if the link between contributions and benefits becomes tighter and
well understood. If it turns that the 40% contribution rate is not sustainable or if it is
unacceptable for any other reasons, then the conclusion should be to cut the benefits
further and/or increase the retirement age. To keep contributions low and maintain the
benefits would not be fair vis-á-vis the future generations.

5.4. Differences in fertility, family allowances and migration

Recall that in the scenarios above we assumed that at each point in time the contribution
rates are uniform for all employees. We also noted above that unexpected changes in
fertility do not represent a big problem as changes are observed already in the early stages
of working life.

In principle, different contribution rates could be set for different age cohorts according
to their fertility, thus deviating from the basic principle of a uniform contribution rate in
most PAYG systems. Whether there are strong arguments for this, taking into
consideration other desired or undesired redistributive features in the public pension
system, we do not address here.
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Another aspect in fertility focused pension financing is intra-generational redistribution
according to the number of children. In the above approach, the generation was
collectively set to bear the consequences of declined fertility, with no attempt to look into
factors affecting fertility or distribution of burden between those with many children and
those with few or none. However, these issues might be inter-related as most welfare
states give financial support to child care, basic education etc., financed from tax
revenues, which may affect fertility. This way, those who have no children (or only one)
support larger families, and alleviate the negative consequences of ageing. Looking into
this mechanism could be an extension of the present approach, which is confined to the
distribution of the pension burden between successive generations collectively, given the
changes in demographic factors.

Migration is another source of change in age structure and population size. It has even
more rapid effects than changes in fertility as migrants leave or enter the labour force
immediately. Without attempting a full coverage of its effects, we make a couple of
observations on the basis of the approach presented in this paper.

Firstly, if net emigration takes place from the CEECs and if emigrants are in the early
stage of their working life, the effect is most likely a negative one, much like a decline of
fertility. The special comment that stems from the above analysis is the following: if the
emigrants take the accrued pension rights with them on an actuarial basis (as they would
do on the basis of EU legislation) and if the contributions did not reflect the future burden
properly, then the loss due to emigration is even greater than in a case where
contributions fairly reflected future expenditure. Thus, in this case, those who stay have
to bear the rising burden, and face the question of whether sharing it between the current
and future generations is fair. – Transferring the fully funded part of pension rights is
simpler and does not generally cause a problem of fairness.

Second, assume that economic growth occurs in the CEECs, and that consequently more
immigrants from further east and south arrive than those who emmigrate to Western
Europe. In this case we need to assess the widely held notion that immigration is a factor
alleviating the pension burden in an otherwise ageing society: the immigrant workers add
to contribution payments, thus allowing lower contribution rates than without migration.

This is naturally true in a sense, especially in a short and medium run, but the present
approach adds another angle. One should note that the alleviating effect on pension
financing is only the first effect. When the migrants retire, their pensions have to be paid.
If the currently active reap the full effect of rising number of contributors by reducing the
contributions rates,ceteris paribus, as would happen in a pure PAYG system, then the
burden is shifted to future generations. If this is considered to be unfair, the rise in
contribution payments due to migration should be put into a fund, which would –
depending on later developments - possibly become permanent and produce interest
income to be used for pensions of all future generations (see Sinn, 1997, for an analysis
of the value of an extra child and an immigrant as a basis for a differentiation of pension
contributions according to the number of children and making a distinction between
incumbent population and migrants).
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6. Discussion and Conclusion

In this paper we have presented an approach and a formula to determine the need for
pension pre-funding in a situation where fertility has declined and remains low and
longevity increases, causing a noticeable increase in the old age dependency ratio. This is
the situation not only in all industrial countries, but especially in transition economies.
The pressure thus put on pension systems is more marked in those counties where public
pension systems are relatively generous. Most of the EU Candidate Countries belong to
this category.

Shifting the increased burden to future generations would not be fair and perhaps even
not feasible as the system might break down under rapidly rising expenditure and
contribution rates. We found that in a typical CEEC with a relatively high replacement
rate there is most probably a need to cut the future accumulation of pension rights and to
increase the retirement age to get pension expenditure to an order of magnitude that could
be financed in a sustainable way. To cope with inter-generational fairness we derived a
simple formula for determining the need to raise pension contributions above the level of
current expenditure in the coming decades so as to accumulate funds, which would later
alleviate financing of pensions by providing the interest revenue to complement
contributions paid at each point in time.

We showed that, for a typical CEEC, dividing the burden of a moderately cut pension
expenditure in a fair way between generations leads to an accumulation of funds up to
nearly 300% of the wage bill by 2040. Thus, the choice of whether or not to pursue this
line of policy and if so, how to manage these funds, is perhaps one of the most important
areas of public policy.

Our formula for pre-funding is based on a simple notion of fairness: if fertility, the total
retirement income (the latter being a product of the expected time on retirement and the
replacement rate) and the rate of interest are the same, then successive generations should
pay the same proportion of their salaries in pension contributions. If these factors differ
between generations, then the contribution rates should differ correspondingly. The
formula shows what each generation should pay so that each bears a fair pension burden.
It shows that this holds under the pure PAYG system only under specific conditions of
steady development, which definitely do not hold now, and will not hold in the next few
decades in most European countries, to name but a few.

Given the prevalent demographic factors and replacement rates, the fair contribution rate
– as derived from the formula – may be found intolerable for a variety of reasons, e.g.
because it is thought that the increased contribution rate causes an distortion in the labour
market as employees do not understand the contribution payment as saving for pensions
but as a simple tax. This may be the case, but we should note that leaving the
contributions lower without cutting benefits would only shift the problem to future
generations, and that the distortion effect probably widens, even relatively. Thus, if the
required increase in contributions is intolerable, the fair solution would not be to leave
the future generations to pay more but rather, to cut the (accumulation of) pension rights
of the currently active.

One could go deeper into the ethics of fairness, e.g. by asking whether it would not be
fair that future generations pay more for similar benefits if their income level were higher
(due to technological progress and/or accumulation of capital). This is a fair question, but
it is not easy to see whether it means that the formula should be modified substantively.
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We feel that the simple notion of fairness adopted here is a useful one in that it at least
provides an easily understandable benchmark, though obviously further development of
these ideas could provide a useful refinement to it.

The basic approach applies to a PAYG system, and it shows that, at least in principle,
pre-funding can be fed into it. Administration of the accumulated funds is a separate
issue, wide open for many different solutions while keeping the funds within the public
sector. For various institutional reasons it is often considered wise to administer the
pension funds under special institutions so as to guarantee long-run stability of the system
by preventing arbitrary political interference. Privatising part of the system is then one
ultimate solution, which has created interest in many of the CEECs.

Whether or not part of the pension system is privatised, the sustainability of the system as
a whole, including its public and private tiers, remains to be secured. Some authors have
drawn attention to benefits of flexibility in funding rules (see Orszag and Orszag, 2000).
In a certain way we share that view by presenting an approach where funds are
accumulated within a basically PAYG system. However, we would put the emphasis on
the need for clear and persistent rules to be followed rather than on flexibility: the
formula derived above provides a rule for setting the contribution rates; if the underlying
variables change, contributions should also change, but this can be done in a transparent
and understandable manner – this is useful if one believes that it helps to take decisions
with long-run consequences in a democracy. The formula provides a middle way in the
discussion on PAYG and full funding by providing an argument for partial funding, but
also showing that too fast an accumulation (e.g. by fast privatisation) might not be fair for
the current generation, and hence be politically unsustainable.

We have argued above that in most cases accumulation of pension funds in any form
really transfers resources for future, thus behaviour in either public or private sector or
both do not undo, at least not fully, its real effects. The commonly held view is that it
normally does not. We may add that even if it did so partially, it is probably useful to set
clear rules for an area of public policy as important as pensions and help to separate it
from many other public policy decisions with a shorter time perspective. This calls for,
among other things, a consistent analysis for setting the targets for general government
deficit and debt in the short, medium and long run.

* * * * * *

We have repeatedly pointed out critical stages in the argumentation which require further
assessment. The approach is partial in the sense that it is based on actuarial calculations
covering only the pension system. Some of the questions to be encountered in designing a
pension reform will perhaps require analysing the links between the pension system and
saving and investment in the various sectors, which requires a more general
macroeconomic model. But it is probably also legitimate to say that for such an analysis
to be operational one needs a detailed enough picture of the pension system, at least along
the lines of the actuarial model used in this paper. In fact, the actuarial calculations
should - and could - be made more detailed to better fit the specific circumstances in any
given country.

One simplifying assumption in the above is that in each scenario pension expenditure is
assumed to be indexed to wages once the entry replacement rates are determined by the
accrual rates. This may not be exactly true to real world pension systems but this
simplified approach allows us to concentrate more clearly on distribution of income
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between the currently active and pensioners without being obliged to consider many
possible combinations of alternative indexation rules and assumptions of real economic
growth and inflation.

One of the main consequences of a close relationship between pensions and wages under
each set of pension system parameters is that it emphasises the fact that economic growth
as such does not solve the problem of ageing. If real wages increase, pension expenditure
normally also increases, and leaves unresolved the problem of rapidly rising contribution
rates in the coming 30-40 years required to balance the PAYG systems, as is largely the
case in the CEECs and also in EU-15. Thus, one should not rely on prospects of
accelerating economic growth, but cutting future accumulation of pension rights,
increasing the retirement age, and partial funding in the coming decades should be seen
as necessary for putting pension systems on a sustainable path and for being fair to future
generations. Having said this, we can accept that if more rapid economic growth
alleviates the making of these changes, then it will have a positive overall effect. If, in
addition, the suggested partial funding boosts economic growth, there is then an extra
benefit, but the argument for partial funding holds also without it.

* * * * * *

It is important that difficult and complicated questions of public policy be presented as
clearly as possible, to emphasise the role of the most important factors. This is especially
challenging in the area of pension reform where the time horizon goes well beyond what
people commonly envisage. It is in this spirit that we have presented results of a actuarial
model concentrating on the key features of the pension system.

The approach presented above – illustrated with scenarios for a typical CEEC - should
provide a framework for pension policy decisions based on a consistent set of rules to be
followed when demographic factors change, as foreseen or unexpectedly as the case
might be. This is important as the consequent changes in pension system parameters
should not look arbitrary. Otherwise lack of public support might make the economically
required changes politically unfeasible.
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ANNEX

Derivation of the formulas for the fair pension contribution rate and
pre-funding

The population is composed of children (E), adult labour (L) and retirees (R). The wage
rate is taken as the unit of account. Each of these phases of an individual’s life are of
equal length, which is set as the unit period.

Fairness means that all future generations are treated equally with the generation active
when a change in any parameter takes place.

Parameters with subscriptso refer to values until period 0 and with subscriptn to those
from period 1 onwards.

The replacement rate (p) captures both the replacement rate proper and the time spent on
retirement (affected by a change in longevity. Note that the new value becomes effective
in period 1 if it is realised that those working in that period will live longer, or if it is
decided that the replacement rate for them is increased (even though in both cases an
increase in pension expenditure starts from period 2 onwards).

The parameters are:

c = contribution rate,

p = replacement rate,

s = parameter such that1-s indicates the number of children per adult labour (on a steady
path population decreases at a rate ofs),

q = assets of the pension fund as a proportion of the wage bill, and

r = rate of interest over the unit period.

It holds

(1) 1−= tt LR for all periods

(2) tt LsE )1( 0−= for t ≤ 0 and

(3) tnt LsE )1( −= for t ≥ 1.

Any of the parametersp, s or r may change in period 1. For period 1, total revenue of the
pension system (contributions and interest income) is equal to pension expenditure and
accumulation of funds, thus

(4) 001100001 LqLqRpLqrLc nn −+=+ .
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For period 2 onwards this equality reads as

(5) )( 11 −− −+=+ ttntntnntn LLqRpLqrLc .

From these equations we obtain for the new contribution rate
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and for the degree of funding
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The special case in Table 3 in the text, Scenario 3, can be obtained by settingpn = p0 =
30%,s0 = 0, sn = 0.2,q0 = 0 andrn = r0 = 50%. The case of increased longevity referred
in the text can be obtained with these same parameters except by settingpn = 33%, andsn

= s0 = 0.

The extreme case of full funding is derived by setting the initial fundq0 = p0/(1+ r0).
This leads to simple expressions forcn and qn, which do not depend on fertility.
Correspondingly, it shows that with less than full funding the contribution rate and the
degree of funding should always change with a change in fertility, if the current and
future generations are treated equally.
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