OECD Economics Department Working Papers No. 1134

Comparing the Robustness
of PAYG Pension Schemes

Falilou Fall

https://dx.doi.org/10.1787/5jz158w3ghmx-en

&) OECD


https://dx.doi.org/10.1787/5jz158w3ghmx-en

payissepun
0€(F100)dIM/0DH

ysisuy "1Q - ysyduy

»

Unclassified ECO/WKP(2014)30

Organisation de Coopération et de Développement Economiques
Organisation for Economic Co-operation and Development 03-Jul-2014

English - Or. English
ECONOMICS DEPARTMENT

COMPARING THE ROBUSTNESS OF PAYG PENSION SCHEMES

ECONOMICS DEPARTMENT WORKING PAPERS No. 1134

By Falilou Fall

OECD Working Papers should not be reported as representing the official views of the OECD or of its member
countries. The opinions expressed and arguments employed are those of the author(s).

Authorised for publication by Jean-Luc Schneider, Deputy Director, Policy Studies Branch, Economics
Department.

All Economics Department Working Papers are available through OECD's Internet website at
http://www.oecd.org/eco/workingpapers

JT03360139

Complete document available on OLIS in its original format
This document and any map included herein are without prejudice to the status of or sovereignty over any territory, to the delimitation of
international frontiers and boundaries and to the name of any territory, city or area.




ECO/WKP(2014)30

OECD Working Papers should not be reported as representing the official views of the OECD or of its
member countries. The opinions expressed and arguments employed are those of the author(s).

Working Papers describe preliminary results or research in progress by the author(s) and are published to
stimulate discussion on a broad range of issues on which the OECD works.

Comments on Working Papers are welcomed, and may be sent to the Economics Department, OECD,
2 rue André-Pascal, 75775 Paris Cedex 16, France, or by e-mail to eco.contact@oecd.org.

This document and any map included herein are without prejudice to the status of or sovereignty over any
territory, to the delimitation of international frontiers and boundaries and to the name of any territory, city or
area.

The statistical data for Israel are supplied by and under the responsibility of the relevant Israeli authorities.

The use of such data by the OECD is without prejudice to the status of the Golan Heights, East Jerusalem
and Israeli settlements in the West Bank under the terms of international law.

© OECD (2014)

You can copy, download or print OECD content for your own use, and you can include excerpts from OECD
publications, databases and multimedia products in your own documents, presentations, blogs, websites and
teaching materials, provided that suitable acknowledgment of OECD as source and copyright owner is given. All
requests for commercial use and translation rights should be submitted to rights@oecd.org




ECO/WKP(2014)30

ABSTRACT / RESUME
Comparing the robustness of PAYG pension schemes

This paper provides a framework for comparing a defined benefit (DB) and a defined contribution (DC)
point schemes, which are both pay-as-you go (PAYG) financed. Two stylised PAYG pension schemes are
modelled and simulated to compare their robustness to shocks. The same demographic developments
(distribution of workers by age and revenue and distribution of survival rate by age) are applied to the two
schemes. The impacts of different shocks (productivity, migration and longevity) on the two schemes are
compared. Different policy reforms (increasing the contribution rate, diminishing the pension benefit,
changing the up-rating and increasing the retirement age) to cope with the ageing shock are analysed and
compared.

JEL classification codes: H55; H75; J32; C6

Keywords: Pension, pension systems, pension modelling, defined benefit, defined contribution, ageing,
sustainability

skskoskokok

Une comparaison de la robustesse des systémes de retraite en répartition

Ce document fournit un cadre pour comparer des systémes de retraite en répartition a prestations définies
et a cotisations définies. Deux régimes de retraite par répartition stylisés sont modélisés et simulés pour
comparer leur robustesse aux chocs. Les mémes évolutions démographiques (distribution des travailleurs
selon I'dge et les revenus et des taux de survie par age) sont appliquées aux deux régimes. Les impacts des
différents chocs (productivité, migration et longévité) sur les deux systémes sont comparés. Et, les
différentes réformes (augmentation du taux de cotisation, diminution des prestations de retraite,
changement du mode d’actualisation des salaires passés et augmentation de 1'dge de la retraite) pour faire
face au choc du vieillissement sont analysées et comparées.

Classification JEL : H55 ; H75;J32; C6

Mots clés : Retraite, modélisation de la retraite, prestations définies, contributions définies, vieillissement,
durabilité
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COMPARING THE ROBUSTNESS OF PAYG PENSION SCHEMES

By Falilou Fall'
Introduction and main findings

1. This paper provides a framework for modelling defined benefit (DB) and defined contribution
(DC) point schemes, which are both pay-as-you go (PAYG) financed. Most sustainability issues pertain to
unfunded schemes. Sustainability is less an issue for funded defined contribution schemes as pensions are
financed by the contributions and their returns on accumulated assets. In particular, in funded defined
contribution schemes, individuals bear the different risks (for instance, concerning investment or
longevity).

2. Two stylised PAYG pension schemes are modelled and simulated to compare their robustness to
shocks. A stylised version of each scheme is developed, based on the same demographic developments
(distribution of workers by age and revenue and distribution of survival rate by age).

3. Notional defined contribution (NDC) schemes (as in Sweden and Italy) are not modelled, but
their functioning is close to a point scheme with the difference that contributions are recorded in individual
accounts.

4. The main findings are:

*  Lower trend productivity growth decreases pension benefits paid out by a DB scheme in the long
run, thus affecting adequacy. The balance of the DB scheme deteriorates because pension
revenues decreases more than pension spending.

* A negative permanent migration shock has a temporary negative effect on the balance of the DB
scheme. In the long run, the DB scheme reverts to balance. As the DC point scheme is balanced
by definition, it is the average pension which is negatively affected by the migration shock. A
negative migration shock is similar to a negative fertility rate shock.

* A rise in longevity (ageing shock) increases the number of pensioners and decreases the support
ratio (the number of contributors per pensioner). The longevity shock reduces the support ratio
from 2.3 to 1.5 in the long run. The effect of the ageing shock on the DB scheme is
straightforward. As the number of pensioners increases, the balance of the DB scheme
deteriorates. In the long run, the deficit of the DB scheme reaches 30% of baseline revenues. In

1. The author is a member of the Economics Department of the OECD. The author thanks Anna d’Addio,
Pablo Antolin, Debbie Bloch, Hervé Boulhol, Peter Hoeller, Jon Pareliussen, Mauro Pisu, Monika Queisser
and Jean-Luc Schneider for comments on earlier drafts and Celia Rutkoski for assistance in preparing the
document. Special thanks go to Yann Balgobin, Mattias Mano and Martin Quinn for their excellent
research assistance. The opinions expressed in this paper are the author’s and do not necessarily correspond
to those of the OECD or its member countries. All remaining errors are the responsibility of the author.
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the DC point scheme, it is the average replacement rate (the ratio of average pensions to the
average wage) which decreases sharply. In the long run, the average replacement rate is 13%
lower in the ageing scenario compared with the baseline scenario.

* To cope with the ageing shock, the contribution rate can be increased in the DB scheme. In the
point DC scheme, the contribution rate cannot be the only parameter that adjusts to the ageing
shock as pension rights increase with higher contributions. The service value has to decrease
along with the increase in the contribution rate.

* In the DB scheme, the pension rate and the up-rating rate of past wages can be adjusted to cope
with the ageing shock. They both diminish pension benefits and can raise adequacy issues.

*  An increase of the retirement age improves the balance of the DB scheme and pension benefits in
the DC point scheme. However, the success of the reform hinges on achieving higher
employment rates for older workers.

e The simulations do not take into account side effects of reforms. For instance, the effect of the
increase of the contribution rate to fund pension schemes on employment is not taken into
account. Increasing the contribution rate could decrease employment and thus partially offset the
improvement in the balance of the pension scheme.

5. Section 2 presents an overview of pension systems in OECD countries. In particular, the types of
pension schemes and the outlook for future pension spending in the face of ageing are explored. In
Section 3, the two PAYG pension schemes (DB and DC point scheme) are laid out and the rules for
pension right accumulation and pension calculation are presented. Section 4 sets out the baseline, in
particular demographic developments and the wage distribution. In Section 5, the impact of different
shocks (productivity, migration and longevity) on the two schemes are compared and analysed. In
Section 6, different policy reforms (increasing the contribution rate, diminishing the pension benefit and
increasing the retirement age) to cope with the ageing shock are analysed and compared.

Overview of pension systems in OECD countries
Taxonomy of pension systems

6. Pension systems are diverse and complex. The classification and overview, based on OECD
(2013), groups the different schemes with regard to their main objectives and status (mandatory or
voluntary). The OECD classification is based on the role and objective of each part of the system as
illustrated in Figure 1. The first tier comprises schemes designed to ensure a minimum standard of living
for pensioners. The second tier comprises earnings-related pension schemes. The third tier includes
voluntary, private pension savings schemes. Within the second and third tiers, public and private schemes
are distinguished and also the different types of schemes.
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Figure 1. A taxonomy of pension systems

Retirement -income system

r 1
First tier Second Tier Third Tier
Mandatory, Mandatory, savings Voluntary, savings
adequacy I

Defined - Defined Defined
benefit benefit benefit

Resource-tested/
Targeted

Defined
contribution

inimum pension
(second tier)

Defined
contribution

Notional

accounts

Source: OECD (2013), Pensions at a Glance 2013: OECD and G20 Indicators.

7. Based on this framework, national pension systems are presented in Table 1 in greater detail
(OECD, 2013). The redistributive first tier provided by the public sector comprises three main types:

*  Resource-tested or targeted schemes pay a benefit taking into account a pensioner’s income from other
sources or/and assets.

*  Basic schemes pay either flat rate benefits (the same amount to every retiree) or their value depends
only on years of work or on residency, not on past earnings.

¢ Minimum pensions depend on pension income: unlike resource-tested schemes, they are not affected
by income from savings.

8. Only Ireland and New Zealand do not have mandatory, second-tier schemes. In the other
32 countries, there are four kinds of schemes (Table 1).

9. Defined-benefit (DB) plans are provided by the public sector in 18 OECD countries. Private
(occupational) schemes are mandatory or quasi-mandatory in three OECD countries (Iceland, the
Netherlands and Switzerland). Retirement income depends on the number of contribution years and
individual earnings. Most of the DB schemes are pay-as-you-go (PAYG) as current contributions serve to
pay current pensions.

10. Point schemes are in place in four OECD countries: French occupational pension plans and the
Estonian, German and Slovak public schemes. Workers earn pension points based on their earnings each
year. At retirement, the sum of pension points is multiplied by a pension-point value to convert them into a
pension payment.

11. Defined-contribution (DC) plans are compulsory in 10 OECD countries. In these schemes, the
accumulation of contributions and investment returns are recorded in individual accounts and converted
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into a pension-income stream at retirement. In Denmark and Sweden, there are quasi-mandatory,
occupational DC schemes in addition to compulsory plans.

12. Notional defined contribution (NDC) schemes exist in four OECD countries (Italy, Norway,
Poland and Sweden). The contributions are also recorded in an individual accounts and a yearly rate of
return is applied to the balances. As they are PAYG systems, the accounts are “notional”, as the balances
exist only on the books of the managing institution. At retirement, the accumulated notional capital is
converted into a stream of pension payments taking into account life expectancy.

Table 1. The structure of pension systems

Public Public Private
Targeted Basic Minimum Type
OECD members
Australia v DC
Austria DB
Belgium v v DB
Canada v v DB
Chile 4 4 DC
Czech Republic v v DB
Denmark 4 v DC
Estonia v Points DC
Finland v DB
France v DB+points
Germany v Points
Greece v DB
Hungary DB
Iceland v v DB
Ireland v
Israel v DC
Italy v NDC
Japan v DB
Korea v v DB
Luxembourg v v v DB
Mexico 4 DC
Netherlands v DB
New Zealand v
Norway v NDC DC
Poland 4 NDC DC
Portugal v DB
Slovak Republic v Points DC
Slovenia v DB
Spain v DB
Sweden v NDC DC
Switzerland 4 4 DB DB
Turkey v DB
United Kingdom v v v DB
United States DB
BRIICS
Brazil DB
China v NDC/DC
India DB + DC
Indonesia DC
Russian Federation v NDC DC
South Africa v

Note: DB = Defined benefit; DC = Defined contribution; NDC = Notional accounts. In Iceland and Switzerland, the government sets
contribution rates, minimum rates of return and the annuity rate at which the accumulation is converted into a pension for mandatory
occupational plans. These schemes are therefore implicitly defined benefit.

Source: OECD (2013), Pensions at a Glance 2013: OECD and G20 Indicators.
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The public-private mix

13. The public-private mix of pension schemes depends on whether enrolment in private and
occupational schemes is mandatory. It also depends on the coverage and generosity of the public pension
scheme (Figure 2). High public pension replacement rates are correlated with low enrolment in private
plans.

14. In 14 OECD countries, private pension enrolment is mandatory or near-universal coverage is
achieved through collective agreements (“quasi-mandatory”). Switzerland and the Netherlands have the
highest private pension provision as occupational plans are compulsory, followed by Australia, Canada and
the United States. In these countries, it is the broad coverage of voluntary occupational plans that increases
private pension’s scope.

Figure 2. Public and private expenditure on pensions

Per cent of GDP
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Note: All types of private plans are covered. Public and private pension spending refers respectively to 2009 and 2012, unless
otherwise specified.

1. Private pension data refer to 2011.

2. Private pension data refer to 2008.

3. Private pension data refer to pension funds only.

4. Private pension data refer to 2010.

5. Public pension data refer to 2008.

Source: OECD Global Pension Statistics: OECD (2013), Pension Markets in Focus 2013.

Pension system funding and benefits

15. In 2012, the public pension contribution rate was 19.6% of gross earnings on average in the
OECD. For some countries, contribution rates are higher than 30% of gross earnings (Italy and Hungary),
while in Israel, Korea, Switzerland and Canada contribution rates are lower than 10% (Figure 3).

16. Public pension (employee plus employer) contribution rates have remained broadly stable since

the mid-1990s (OECD, 2013). The only significant increase in contribution rates was in the Czech
Republic. This suggests that for many countries there was little room to increase contribution rates to

10
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finance increases in pension spending, because of concerns over the effect of higher labour taxes on

employment.
&
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Figure 3. Public pension contribution rates and revenues
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Note: Contribution rates are the sum of employee and employer contribution rates. OECD missing countries either do not have public
contribution rates or no separable contribution rate for pension. The OECD average figure for contribution rates excludes the
countries for which there are no pension contributions or they are part of contributions to wider social security programmes. In some
cases, pension contribution revenues have been calculated assuming that the revenues are split between different social security
programmes in the same proportion as the contribution rates. The total contribution revenues include payments from people who are
not employees (principally the self-employed).

Source: OECD (2013), Pensions at a Glance 2013: OECD and G20 Indicators.

17. Public PAYG pension benefits represent the main income from mandatory pension schemes in
most OECD countries. Exceptions are Mexico, Chile, Australia, Iceland, Israel and the Netherlands

(Figure 4).

Figure 4. Net pension replacement rates from public and mandatory private schemes for average earners
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Note: The figure shows net pension replacement rates (i.e. the ratios of pension benefits to earnings after taxes and social security
contributions) for full-career workers entering the labour market in 2012 at average earnings. The pension replacement rates are
therefore forward-looking and apply to the future entitlements assuming that current pension rules will apply throughout their career
until they reach the standard pension age.

Source: OECD pension models; OECD (2013), Pensions at a Glance 2013: OECD and G20 Indicators.

11
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Future spending

18. Public pension spending as a per cent of GDP is already high in many OECD countries and is
expected to increase in the next decades due to ageing. In the European Union, a coordinated exercise
among member countries provides pension projections taking into account demographic trends. OECD
(2013) has, in addition, gathered national pension projections, though these are not done on a consistent
basis. In almost all OECD countries (except Denmark, Estonia and Poland), pension spending (in per cent
of GDP) is expected to increase (Figure 5).

Figure 5. Public pension expenditure projections

Per cent of GDP

m2010 02050

Note: The OECD28 aggregate shows only countries for which complete data between 2010 and 2050 are available. Pension
schemes for civil servants and other public-sector workers are generally included in the calculations for EU member states.
Expenditure on these schemes are not included for Canada, Japan, South Africa and the United States. Projections are not available,
in some cases, for separate resource-tested programmes for retirees. This is the case for the United States and some EU member
states. Similarly, data for Korea cover the earnings-related scheme but not the basic (resource-tested) pension.

Source: OECD (2013), Pensions at a Glance 2013: OECD and G20 Indicators.

19. These projections illustrate that pension schemes, in particular PAYG schemes, are highly
vulnerable to demographic ageing. However, the different types of PAYG pension schemes are differently
exposed to demographic shocks. Moreover, the different policy measures to cope with demographic shocks
have different financial sustainability and adequacy effects on the different types of PAYG pension
schemes. The following simulation exercises show the trade-off between sustainability and adequacy in
two PAYG pension schemes.

Two PAYG pension schemes
20. The two main public PAYG pension schemes (DB and DC point scheme) are modelled and
simulated to compare their robustness to shocks. A stylised version of each scheme is developed, but the

same demography (distribution of workers by age and revenue and distribution of survival rate per age) is
applied.

12
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21. Notional defined contribution (NDC) schemes (as in Sweden and Italy) are not modelled, but
their functioning is close to a defined contribution point scheme with the difference that contributions are
recorded in individual accounts. In theory, the internal rate of return on accumulated capital that guarantees
the actuarial balance of the scheme has the same function as the implicit rate of return of the DC point
scheme (Holzmann and Palmer, 2006). In both cases, the determination of the rate of return takes into
account the evolution of life expectancy. However, in both cases, the ex-ante rate of return has to be
revised with demographic and economic changes to guarantee the actuarial balance of the scheme. This
violates the well-known result of Samuelson (1958) stating that, in steady state, defined by a fixed
workforce, age and wage distribution and fixed mortality rates, the rate of return that guarantees financial
equilibrium is the (instantaneous) rate of growth of the contribution base. Indeed, as demonstrated by
Valdes-Prieto (2000) and Settergren and Mikula (2006), the Samuelson rate of return cannot alone
maintain financial equilibrium when the wage distribution, mortality and the number of contributors
change. Moreover, as far as the two schemes are financed under the PAYG principle, the matching
between revenues and pension payments is not guaranteed and a balancing mechanism is needed.

PAYG defined benefit scheme

22. In the PAYG DB scheme, a contribution rate (employer plus employee) is applied to an
individuals’ wage to determine the contribution each year. At retirement, the pension is calculated by
applying a pension rate to the reference salary, which is the average career salary. The reference salary
depends on the revaluation index used to up-rate past salaries at the retirement year. The inflation rate is
used as the indexation rate of pensions (Box 1).

23. At the scheme level, each year’s contributions are used to pay current pensions. If pension
spending exceeds total contributions the scheme is in deficit. The annual balance depends therefore, on the
financing side, on the size of the payroll, the contribution rate and, on the spending side, on the number of
retirees and on the average pension. The actuarial balance of the scheme is the sum of the discounted
annual balance of the scheme over the projection period (up to 150 periods).

Box 1. Modelling a DB scheme

In the PAYG DB scheme, a contribution rate (z) is applied to an individuals’ wage to determine the
contribution each year:’

Cie =T+ Wy (1)

At retirement, pensions are calculated by applying a pension rate to the reference salary. The
reference salary can be the average career salary (life time earnings) or the average earnings over shorter
periods. For instance, in Austria and France, it is respectively the best 24 and 25 years that are taken into
account for calculating average earnings. In the simulation, the reference salary is averaged over the entire
career. The reference salary depends on the revaluation index (inflation, wage growth or a mix) used to up-
rate past salaries at the retirement year. In this simulation exercise, the wage growth rate (w,) is used as
revaluation rate to determine the reference wage (RW) at retirement:

Wt+2;r=‘11 Wt—:aﬂ;rfl(1+wt—i) )

In a PAYG pension scheme, the financing each year depends on the contribution rate and the
payroll.2 The size of the payroll depends on the wage level, the size of the age-cohort of workers and
employment. Total contributions perceived each year, with NS, the number of salaried workers in year t,
are:

RWt =

C(6) = 7% T2 W (3)
The pension (Pa) at retirement year t and age (a = 60) of an individual can be written as a function of

the scheme’s pension rate ($=0.5), the contribution periods validated by the individual at age a (T,), the
required contribution period for a full pension (T*=40 years) and the reference wage (RW):

13
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T,
Pat=®*F*RWt €))

The individual pension rate 6, = ¢ * (Ta/T*) depends on the validated contribution periods. In many
countries, when the validated contribution period is lower (or higher) than the contribution period required
for a full pension, the full pension rate is reduced (or increased) by a penalty (or bonus). The full pension
rate (¢) can also be increased or decreased with respect to deferred or early retirement.

The effective individual annuity rate or annual accrual rate depends on the total contributed periods
validated for an individual Ai = 6,/ Ta. When the validated contribution periods are equal to the required
contribution periods for a full pension rate then the annuity rate is equal to the ratio of the full pension rate
to the required contribution period Aa = ¢ /T*. As T* is equal to 40 years of contributions, the maximum
annual accrual rate is 1.25% (¢/T*). It is, for instance, 1.33% for men in Belgium and 1.5% in the Czech
Republic.

At the scheme level, the spending, each year, depends on the pension level and the size of the
different cohorts of retirees. Denoting NRt the number of retirees at year t, the total amount of pensions
paid to the cohort retiring at year t is:

Ry = iy 0, % RW; ()
Therefore pension spending at year t can be written as the sum of pensions of the new retiring cohort

plus pension spending of the previous year revalued by the inflation rate (i) minus the pensions of the
deceased (factor 0):3
PS, =R, +PS,_;(1 +m)(1 — o) (6)

At the scheme level, each year’s contributions perceived are used to pay current pensions. If pension
spending exceeds total contributions the scheme is in deficit. The actuarial balance of the scheme is the
sum of the expected annual balances of the scheme over the projection period. The annual balance
depends therefore, on the financing side, on the size of the payroll, the contribution rate and, on the
spending side, on the number of retirees and on the average pension.

At year t, the short-term balance of the PAYG DB scheme can be written as:
C. — PS; = X, (7)
When X; is equal to zero then the pension scheme is in equilibrium in year t. However, X; could be
different from zero for various reasons, for instance, changes in the support ratio due to ageing.
The long-term actuarial balance of the PAYG defined benefit scheme can be written as the projected

sequence of short-term balances over the projection period.4 The actuarial balance of the pension scheme
over a time-span T at year t is:

T T T
Cevj PSeej _ Xitj ®)
L (1+p) &(1+p)) L@+p)
]:0 ]=0 ]:0
where B is the discount rate of future flows of total contributions, pension spending and net balances.
In the simulation B is set equal to 1.5%.

1. The presentation of the different models is simplified by not considering the ceilings on wages that may exist in different schemes
and also the existence of minimum pensions.

2. For some countries, basic pensions are financed by the central government budget.

3. In the simulation, a mortality table giving mortality rate by age and year is used to determine the deceased each year. For
illustrative purposes, the French mortality table is used.

4. There are different concepts of actuarial balance of pension schemes depending on the dimension being measured (liabilities,
funding gaps or sustainability). See Blanchet and Ouvrard (2007) and Boado-Penas et al. (2010) for a discussion.

PAYG Point scheme

24. In a point scheme, the accumulated rights of an individual are calculated in terms of number of
points accumulated over the working life. The number of points acquired by an individual each year is
determined by dividing contributions paid by the purchasing value of the point. The pension at retirement
is calculated by multiplying the number of points by the service (or selling) value of the point. The service
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value of the point is identical for all insured individuals. It converts the points into monetary values at the
liquidation but also during retirement. Thus, pension levels during retirement are revalued with respect to
its evolution (Box 2).

25. The purchasing value of the point and the service value of the point are the two key parameters
for the steering of the scheme. They are normally adjusted to ensure that the scheme remains in balance. In
the short run, the scheme can be in deficit if the contributions paid are below the current pension spending
(not in the simulation exercise below). In the long run, point prices are set to balance the scheme over the
projection period. The setting of point prices depends on the projection of life expectancy by age cohort.

Box 2. Modelling a point scheme

At the individual level, the number of points (NP) acquired each year is obtained by dividing the contributions by
the purchasing value of the points (AV):

*Wi
NPy ==t (1)

The sum of points accumulated during the career at the retirement year T is:
KPyr = Z{=1 NPy )

The pension at retirement year T of an individual (i) is calculated by multiplying the capital of points by the service
(or selling) value of the point, denoted VS;:

Pir = KPir VS, 3)

The service value of the point is identical (in general) for all insured individuals. It converts the points into
monetary values at the liquidation and also during retirement. Thus, pension levels during retirement are revalued
with respect to its evolution. The service value of the point is one of the steering parameters of the scheme; it can
be adjusted every year to ensure the balance of the pension scheme. It thus ensures equality between resources
and pension outlays.

The short-term balance of the pension scheme is given by the PAYG spending and income flows. With NRt the
number of retirees and total contributions C(t) = T * Z?f{ W, the balance is then:

Ct)-Tp, =X, 4)

The short run balance depends on the contribution rate, the changes in the payroll and the service value of the
point. The contribution rate and the service value of the point can be modified to cope with short-run imbalances.

The service value of the point could be adjusted annually to balance the scheme. In that case, pensions would be
very volatile depending on payroll volatility and demographic support ratio variations. The service value of the
point can also be adjusted in line with inflation to protect retirees’ purchasing power. Finally, the service value of
the point can be adjusted to guarantee the actuarial or multiannual balance of the scheme. The service value of
the point is the same for all pensioners. It mutualises the risks associated with individual characteristics such as
age or survival probabilities.

Denote N(a) the number of contributors of age a, C(a) their contributions and e and d the respective entry age
and retirement age of the scheme. At year t, the contributions to the scheme are:

d-1

CO) = D Nal®) * Calt) ©

The counterparts to these contributions are the retirement rights acquired by individuals. They are the liabilities
L(t) of the scheme. The value of the liabilities is given by multiplying the acquired rights at each age by the purchasing
price of a differed life annuity which gives the actual value of one unit of pension served during retirement. The life
annuity is differed because it is bought before the retirement year.1

Denote LA, ¢-a) the differed life annuity from age d of retirement when the contributor is of agea(a<dandd - a
is the differed period) at year t.2 These life annuities are determined based on the mortality table of the scheme's
population (with L, the survival probability at age a of the scheme population) and a discount rate f3:
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[ee]
Lgyj

Jorasd  Mae= 21 as pian

(6)
Then, the liabilities generated by the contributions C(t) are given by:
a-1 Vs
L = D Na(®) * Calt) ¥ 3 % LAga ™
a=e t

The scheme is actuarially balanced when the contributions are equal to the liabilities they generate, that is:

L) =c(®) ()
The service value of the point or the rate of returns on contributions ( R; = Z—i
balance of the scheme is calculated by considering the representative contributor of the average age (a) of
the scheme’s population. The liabilities related to that contributor are:

) corresponding to the actuarial

d-1
VS
L = ) Na() * Cat) # -  LAgas ©
r VA,

where LA, d-a) is the differed life annuity related to the whole population of contributors to the scheme
represented by this average contributor of age & and with a differed period d-a.

Combining equations (7) and (9) gives the life annuity for this average contributor of age a:
LA o . = Zg;é Ng (t) * Co(t) * LAgd—a
e TAZENL(0) * Ca(D)

With the balancing condition of the scheme (equation 8), one can solve equation 10) to obtain the average age of
the representative contributor & the so-called "theoretical actuarial age" of the scheme and also the theoretical
equilibrium return of the scheme, R(t), which is:

(10)

1
LA; q-5(t)

The theoretical rate of return decreases with the rise in the theoretical actuarial age &, because the contributors
are getting older and the differed period (distance to retirement) is reduced; this increases the price of one unit of
the life annuity and decreases therefore the rate of return. The theoretical return decreases also with the duration
in retirement. Indeed, a rise of life expectancy at retirement age induces an increase of the price of one unit of life
annuity.

R(t) = 11

1. See Vernieres (2004a; 2004b) for a presentation of DC point schemes and comparisons of the pricing of pension
schemes.

2. See Mackenzie (2006), for modelling life annuities and also a discussion of annuity markets and pension reform.

The baseline
Demography
26. The baseline scenario starts in year 0 with an equal size of cohorts of working age. In each
scheme there are 100 men and 100 women of age 20 to 59 that contribute to the scheme each year. The

scheme is balanced in year 0 and the cohorts entering in retirement have a 40 year complete career.

27. The schemes are funded under the PAYG principle: the contributions received during a year are
used to pay current pension benefits.
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28. The baseline demographic scenario uses a constant mortality rate. First, mortality rates by age
and year from 1950 to 2050 for France are used to calculate survival rates by age, year and life
expectancy.” Then, the average mortality rate by age (of the 60-90 year olds) of the 1980s is applied each
year to all cohorts to determine the population of retirees. Thus there is no ageing and the number of
retirees is constant. The baseline scenario retirement age is 60.

29. The demographic shock scenario corresponds to a longevity shock. From year 0 to 10 a moving
average mortality rate by age (of the 60-90 year olds) is applied each year to all cohorts to determine the
population of retirees to phase in the ageing shock. From year 10, the corresponding French mortality rates
per age and year are applied. As the mortality rate diminishes, the population of retirees increases causing a
decrease of the support ratio (the number of contributors per pensioner) (Figure 6). From year 70 the
ageing process vanishes and the mortality rates are constant.

Figure 6. Evolution of the support ratio in the two scenarios
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Note: The support ratio decreases as the number of retirees increases up to year 70; then, as the mortality rate is constant the
support ratio is constant.

Source: OECD simulations.

Wage distribution and parameters of the schemes

30. The initial wage distribution matches the French 2004 wage distribution. The average and
standard-deviation of each decile of the 2004 wage distribution are used to draw randomly a wage for each
individual following the uniform law. Individuals are distributed among the different deciles to match the
real distribution of wages. At ages 27 and 41, following an estimated transition matrix from one decile to

2. The French mortality tables are used because they were available by age and year from 1950.
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another one by age, individuals are moved randomly from one decile to another one. This property of the
wage distribution could be used in future work to analyse equity and fairness issues.

31. The initial wage follows the growth rate of the average wage per worker (1980-2004) of France
in the first 24 periods, and then wages are projected to increase by 3.2% per year.

32. Unemployment is introduced in the income distribution. Each year, 5% of workers are
unemployed and have zero salary. Half of the unemployed are distributed randomly among young cohorts
(under 28) and the other half among older workers (42 and plus). It is assumed that during unemployment
spells no contribution payments are made and no pension rights are acquired.” Unemployment introduces
heterogeneity in the number of periods contributed and pension levels in addition to the heterogeneity
coming from the wage distribution. Differences in the wage levels between men and women are also
introduced. Women have on average a lower wage than men. These dimensions (unemployment and
differences between men and women) could also be used for the analyses of equity issues and risk sharing
properties of the two schemes.

33. The contribution rate is set initially at 14% in year 0 and 18% in the long run. The pension rate in
the DB scheme is 50% of the career average wage based on the number of years of contribution (maximum
40 years).

34. In the DC point scheme, the same contribution rate as in the DB scheme is applied to determine
the amount of contributions. The contributions paid are then converted into points given the purchasing
value of the point which depends on the price of a differed life annuity for the average contributor (Box 2).
In the point scheme, the service value of the point is adjusted to balance the scheme each year.

35. In the following simulation exercises, the timing of all shocks is from year 0. The baseline
scenario is the scenario without ageing. All simulation results are given in comparison with the baseline
scenario. The two schemes are balanced under the baseline scenario.

Vulnerability of pension schemes to shocks
The impact of a productivity shock

36. The stylised model was used to simulate the impact of a productivity shock on the DB scheme
and the point DC scheme. Under the assumption that productivity and real wages move in tandem over
longer periods, the productivity shock is simulated as a permanent reduction in the growth rate of the real
wage by 1 percentage point.

37. Due to the shock, the balance of the DB scheme moves gradually into deficit. As initial pensions
are tied to wage developments, the average pension decreases considerably in the long run in comparison
with the baseline average pension. Revenues go down by even more, as revenues depend on the wage bill,
which is much larger than the pension bill. Pension spending decreases progressively from year 0 with the
increase of cohorts of retirees affected by lower productivity trend growth (Figure 7). Indeed, from year 0
to year 30, cohorts of retirees unaffected by the productivity shock are replaced by cohorts of new retirees
with part of their career affected by the productivity shock. During this time span the pension bill decreases
less than the revenues of the scheme. From year 40 when the first cohort of retirees with a complete career
under the lower productivity trend is in retirement, the decline in pension spending accelerates as all

3. The assumption that during unemployment spells individuals do not contribute and acquire no pension
rights is for simulation reasons. In most of countries, at least up to some duration, unemployment spells are
contributing periods that give pension rights.

18



ECO/WKP(2014)30

following cohorts in retirement have lower pensions as compared to the baseline scenario. In the long run
(after year 70), when all cohorts in retirement have a complete career, pension revenues and spending
move in parallel.

Figure 7. The effect of a productivity growth slowdown on a DB scheme
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Note: There is no ageing in the baseline scenario. The impact of the productivity shock is measured by the balance of the scheme
under the productivity shock scenario expressed as a per cent of revenues of the baseline scenario. The difference in pension
spending is expressed in per cent of spending in the baseline. The difference in revenues is expressed in per cent of revenues in the
baseline scenario.

Source: OECD simulations.

38. The DC point scheme is balanced by definition. It is the service value of the point which
decreases to balance the scheme. From year 0 to year 40, the service value of the point decreases with
contributions as the liabilities of the scheme are only progressively affected by the shock. Indeed, the
cohorts in retirement have accumulated their pension rights under past wage developments and purchasing
value of the points. As new cohorts entering retirement are affected by the shock and have lower pension
rights, the service value of the point converges to a new-long run balancing level, which is 20% below the
baseline level.

39. The average pension of the DC point scheme is much affected as it decreases in line with the

contributions received by the scheme. The decrease of the average pension (in Figure 8) is close to the
decrease in revenues in Figure 7.
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Figure 8. The effect of the productivity shock on a point DC scheme
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Note: There is no ageing in the baseline scenario. The difference in average pension is expressed in percentage of the baseline
average pension. The average pension is calculated over all cohorts in retirement each year. The difference in service value is
expressed in percentage of the baseline service value.

Source: OECD simulations.

The impact of a negative migration shock

40. The migration shock is a permanent negative shock. From the initial year of the shock, the size of
the cohort entering the labour market (aged 20) is lowered permanently by 5%. 40 years later all working
cohorts are 5% smaller than in the baseline. The support ratio (contributors per pensioner) decreases
continuously from the initial year of the shock to 40 years later as the cohorts of lower size age. 40 years
after the shock, these smaller cohorts start retiring which improves the support ratio progressively. Seventy
years after the shock, all retired cohorts are 5% smaller than in the baseline.

41. The impact of the negative migration shock on the balance of the DB scheme follows the
evolution of the support ratio and is temporary. From the initial year of the shock to 40 years later the
balance of the scheme deteriorates. Then, as these cohorts of lower size retire, the support ratio improves
and so does the balance of the scheme. In the long run, the DB scheme reverts to balance (Figure 9).

42. The DC scheme is balanced by definition. The negative impact of the migration shock is
absorbed by declining pensions. As revenues of the scheme decline, the service value of the point is
reduced to balance the scheme. The average pension initially decreases in line with contributions and then
recovers very gradually.
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Figure 9. The impact of a negative migration shock on the DB and DC scheme
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Note: In the DB scheme the impact of the migration shock is measured by the balance of the scheme under the migration scenario
expressed as a per cent of revenues of the baseline scenario. As the DC scheme is balanced each period thanks to the variation of
the service value of the point, the impact of the migration shock is expressed as the percentage difference of the average pension
compared with the baseline.

Source: OECD simulations.

The impact of ageing

43. The demographic shock scenario corresponds to a longevity shock. It corresponds to an increase
of life expectancy, which implies a decrease of the mortality rate at old ages. The number of elderly
individuals increases. The longevity shock induces a fall of the support ratio from 2.3 to 1.5 in the long run
(Figure 6 above).

44. In the DB scheme, ageing induces a progressive deterioration of the balance of the scheme
(Figure 10). The average replacement rate (the ratio of the average pension to the average wage) in the
ageing scenario is lower than in the baseline due to a decline in the average pension, reflecting the fact that
pensions are averaged among all cohorts in retirement, with the oldest pensioner cohorts having lower
pensions than younger cohorts as pensions are indexed to prices, rather than wages.

45. The variables showing the impact of the ageing (Figure 10 and the following) are not straight
lines because the mortality rates in the ageing scenario do not change in a smooth way and the small
fluctuations of the contribution rate that balances the baseline scenario have a larger impact on the
scheme’s revenues. The curves are smoothed.
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Figure 10. The impact of the longevity shock on the DB scheme
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Note: The ageing shock mimics the French life expectancy developments. The impact of ageing is measured by the balance of the
scheme under the ageing scenario and is expressed as a per cent of revenues of the baseline scenario. The average replacement
rate is the ratio of the average pension to the average wage.

Source: OECD simulations.

46. In the DC point scheme, the negative effect of the same ageing process is reflected in a decline in
the replacement rate (Figure 11). The decline in the replacement rate is larger than for the DB scheme.
Also, the service value of the point diminishes in line with the support ratio whereas the purchasing value
of the point — defined as the price of one unit of differed life annuity — increases with life expectancy.
Therefore, individuals gain a lower number of points at a lower service value. The adjustment of the point
values keeps the scheme in balance.
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Figure 11. The impact of the longevity shock on a DC scheme
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Note: The impact of ageing is measured by the change in the service value of the point and hence the average replacement rate.
Recall that the DC point scheme is balanced each year.

Source: OECD simulations.

Reforming pension schemes

47. To maintain the sustainability of pension systems in the face of an ageing population,
governments have the following policy options: they can increase the contribution rate, decrease the
pension rate (i.e. the accrual or liquidation rate) or increase the retirement age. In the DB scheme, changing
the up-rating of past wages is also a policy option. The effect of these reforms are analysed below and the
results should be compared with the longevity shock scenario.

The impact of increasing the contribution rate in the two schemes

48. In the DB scheme, the contribution rate needs to be increased by 5 percentage points as compared
to the baseline to cope with the ageing shock (Figure 12). In the long run, the balance of the DB scheme
reverts to the baseline level. Pension levels are not affected by the reform.

49. In the point DC scheme, the contribution rate is increased by almost the same amount as in the
DB scheme. Increasing the contribution rate limits the reduction in the average replacement rate due to the
ageing shock to 6 percentage points (against a 13 percentage point reduction in the ageing scenario).
However, as the contribution rate is increased, the service value of the point decreases to keep the point
scheme in balance.

50. Increasing the contribution rate alone is not the best way of adjusting the balance of the point
scheme. In principle, it is the purchasing value and/or the service value of the point that is adjusted to
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ensure the actuarial balance of the scheme. However, in some countries, the short-run funding needs are
financed by increasing the contribution rate, but the additional contributions do not generate additional
pension rights.

51. Also, increases in contributions may be achieved either by increasing the contribution rate or
enlarging the contribution base. For example, extending the working life or reducing unemployment of
older workers helps because they increase the contribution base.

Figure 12. The impact of increasing the contribution rate on the DB and DC schemes

The simulation results should be compared with the longevity shock scenario (Figures 10 and 11)
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Note: From year 0 the contribution rate is increased progressively to fund the financing gap induced by ageing. The contribution rate
is the same for the longevity shock and baseline scenario. In the point DC scheme, as the scheme is balanced, the objective of the
reform is to counterbalance the effect of ageing on pension levels.

Source: OECD simulations.

The impact of increasing the retirement age in the two schemes

52. A higher retirement age lowers pension payments as the number of cohorts in retirement
diminishes. The retirement age increase is put in place swiftly from age 60 to age 65 in the first year of the
reform.

53. In the first years after the reform, the surplus of the balance of the DB scheme is important
because the number of cohorts contributing increases from 40 to 45 while the number of cohorts of retirees
decreases from 30 to 25. The transition of the balance of the scheme to its long run level is protracted as it
takes 30 years for all retirees not affected by the reform to leave the scheme. When all cohorts in
retirement have 45 years of contributions and therefore a higher level of pension, the surplus of the scheme
declines to its long-run level.
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54. In the DB scheme, in the long run, the balance due to ageing swings from a deficit of close to
30% (Figure 10) to a surplus of 7% of baseline revenues, following the increase in the retirement age
(Figure 13). Still, when increasing the retirement age, the average replacement rate is lower than in the
baseline scenario as with the longevity shock scenario. However, when increasing the retirement age, the
increase of the average wage explains the lower average replacement rate, while in the longevity shock
scenario, it is the increase in life expectancy with pension indexation which explains the lower average
replacement rate compared with the baseline. But the pension level is still 2 percentage points higher in the
increasing retirement age scenario compared with the baseline.

55. Increasing the retirement age restores the financial balance of the scheme while preserving the
adequacy of pensions. The impact of the reform operates through the rise in the support ratio which rises
from 1.5 under the ageing scenario to 2.1 in the increasing retirement age scenario.

56. However, the final outcome for individual pension benefits depends on labour market
developments. Increasing the official retirement age is not enough. Options for early retirement also need
to be removed. Well-functioning labour markets and targeted policies to increase the employment of older
workers are key factors to raise the employment of older workers. Otherwise, lower pension spending
would be offset by higher spending on other social programmes.

Figure 13. The impact of increasing the retirement age from 60 to 65 on the DB scheme

The simulation results should be compared with the longevity shock scenario (Figure 10)
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Note: The retirement age is increased in year 0 from 60 to 65 with no phasing in. This implies that during five years there are no new
retirees. At year 6, there are new retirees with 45 years of contributions. It takes 30 years for all cohorts of retirees not concerned by
the reform to leave the scheme.

Source: OECD simulation.
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57. In the point scheme, in the short run, as it is a balanced PAYG scheme all contributions serve
current retirees. Raising the retirement age induces a sharp increase in contributions, while the number of
retirees diminishes. Therefore, in the first years after the reform the retirees not affected by the reform (in
terms of increased years of contributions) benefit from the reform. Their pension level increases up to
80%, which is comparable to the shape of the surplus of the DB scheme after the reform.

58. In the point scheme, increasing the retirement age induces an increase in pension benefits as
compared with the baseline by 9 percentage points over the long run. Individuals contribute during five
more years and therefore accumulate more pension rights while the revenues of the scheme increase as
there are more working cohorts contributing. Also, the average replacement rate is only 3 percentage points
below that of the baseline against 13 percentage points in the longevity scenario (Figure 11). The service
value of the point goes down considerably to balance the point DC scheme (Figure 14).

Figure 14. The impact of increasing the retirement age from 60 to 65 on the point scheme

The simulation results should be compared with the longevity shock scenario (Figure 11)
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Note: The retirement age is increased in year 0 from 60 to 65 with no phasing in. This implies that during five years there are no new
cohorts of retirees. At year 6, there are new retirees with 45 years of contributions. It takes 30 years for all cohorts of retirees not
affected by the reform to leave the scheme.

Source: OECD simulation.

Additional policy options in the DB scheme
The impact of decreasing the pension rate

59. In the DB scheme, the pension rate is applied to the reference wage to determine the pension
level. The pension rate (also called the liquidation rate) is the sum of the annual accrual rate. The pension

26



ECO/WKP(2014)30

rate can be increased or decreased with respect to deferred or early retirement. Though this is a politically
sensitive instrument, it can be used to reform pension schemes. Lowering the pension rate has a direct
effect on pension spending and the adequacy of pension levels.

60. The pension rate is reduced by more than 10 percentage points from 50% to 38% to fully
counteract the ageing shock (Figure 15). The impact on the replacement rate is large as the average
replacement rate declines by 13 percentage points in the long run as compared to a decline of 5 percentage
points in the longevity scenario (Figure 10).

Figure 15. Adjusting the pension rate on a DB scheme

The simulation results should be compared with the longevity shock scenario (Figure 10)
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Note: The reform consists of decreasing the pension rate to close the financing gap due to the ageing shock. The pension rate in this
scenario is reduced sharply compared with the baseline scenario, where the pension rate is 50%.

Source: OECD simulations.

The impact of changing the up-rating rate on the DB scheme

61. In the DB scheme, the pension at retirement is calculated based on the average career wage. The
calculation of the career average wage is done by up-rating past wages to the retirement year with the
growth rate of the economy-wide average wage. The reform consists of up-rating with inflation instead of
the average wage growth rate. As the inflation rate is lower than the average wage growth rate, the reform
induces a decrease of the individual average career wage. In the long run, the reference wage is 27% lower
when wages are up-rated with inflation compared with an up-rating by the economy-wide average wage.

62. In the short run, the change of the up-rating from the growth rate of the economy-wide average

wage to inflation reduces the balance of the scheme progressively because only new cohorts of retirees are
affected. Also, the impact of the reform (Figure 16) is non-linear because in the short run pension spending
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is affected by the ageing process and past dynamics of wages. In the long run, the effect of the reform is
smoother as ageing the ageing process peters out.

63. As pension levels at retirement are lower, the balance of the scheme improves going from a
deficit of nearly 30% of baseline revenues in the ageing scenario (Figure 10) to a surplus of 5% of baseline
revenues in the reform scenario (Figure 16). The average replacement rate decreases in the up-rating
reform compared with the ageing scenario.

Figure 16. The impact of an up-rating reform

The simulation results should be compared with the longevity shock scenario (Figure 10)

= = Balance (in % of baseline revenues)

Difference in average replacement rate with respect to baseline (in % points)

5%

0%

-10%

-15%

-20%
Note: The reform consists of up-rating past wages to calculate the average career wage at retirement with inflation instead of average

wage growth rate.

Source: OECD simulations.
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