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Abstract

We investigate numerically how indexation of funded pensions for inflation can be
differentiated across the various groups of fund participants. The pension arrangement is
modelled after the Dutch situation. While the aggregate welfare consequences are small,
group-specific consequences are more substantial with the workers and future born losing and
retirees benefitting from a shift away from uniform indexation. Those welfare shifts result
from systematic redistribution of welfare rather than shifts in the benefit of risk sharing
provided by the system.
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1 Introduction

Funded social security systems are vulnerable to financial market shocks as the consequences of
the recent financial crisis have shown. These consequences have also alerted both policymakers
and academics to the question how risks should be shared among the participants in funded pen-
sion systems. It is well known from the literature that non-funded social security can raise welfare
through the intergenerational sharing of income risks (Enders and Lapan, 1982, and Merton, 1983).
However, there has been less research on how pension funds can affect welfare through intergen-
erational risk sharing. The literature suggests that income uncertainty is just weakly correlated
with the uncertainty on asset returns (Heaton and Lucas, 2000). This makes pension funds a priori
suitable vehicles for risk sharing between workers and retirees. This is also the case for the second
pension pillar in the Netherlands, which to a certain extent can be characterised as a defined-benefit
(DB) system. In this paper we will explore how the indexation of pension rights to price and wage
inflation can be adjusted to improve the operation of the system.

The overall Dutch pension system is largely based on an unfunded pay-as-you-go (PAYG) first

! The Dutch pension system shares features with systems like

pillar and a funded second pillar.
those in, for example, the US,?> Germany and Switzerland. The Dutch second pillar is unusually
large, though, because it is roughly the size of the first pillar and it is expected to grow further in
relative terms. Through their contributions to sectoral or company pension funds workers build up
pension rights to a future nominal pension. Both contribution and accumulation rates are identical
across a fund’s participants. Hence, those on higher incomes contribute more and accumulate more
rights. Second pillar benefits are of a defined-benefit nature in the sense that accumulated rights
guarantee the holder a nominally-fixed benefit in euros as of retirement until death. Accumulated
rights are usually once a year heightened up to compensate for the past rate of price inflation, so
as to protect the purchasing power of the pension, or wage inflation, so as to have the pension
benefit track the general increase in welfare. However, indexation is not required by law and the
board of the pension fund may index by less than full or not even at all if this is deemed necessary
to maintain a healthy funding ratio as measured by the ratio of pension assets and liabilities.

The pension fund is a vehicle for intergenerational risk sharing. For example, financial market
developments affect the size of the pension buffers and may lead to a change in the contribution rate
and/or the indexation rate. This way, younger generations share in the financial market risks that
tend to be mostly concentrated among the older people. By linking indexation to wages, retirees
share in the productivity risk which is mostly born by the workers (Bohn, 2006). Uncertainties in
life expectancy can be buffered by both changes in indexation and pension premia.

When the funding ratio falls below a given "long-term" threshold (roughly 125% for a fund
with average investment risk), the fund has to submit a "long-term" (15 year) restoration plan to
the supervisor, the Dutch central bank (DNB), to return to above this threshold, while when the
funding ratio falls below 105%, a situation called "underfunding", it has to submit a "short-term" (3
or 5 year) plan to undo the underfunding. Funds have to rely on a mix of reduced indexation, higher
contributions and, in case these instruments provide insufficient restoration power, partially writing
off existing pension rights. The latter instrument is considered the last resort and supervision is
aimed at avoiding this in all but very exceptional circumstances.

This paper focuses on changes in indexation as the main instrument for the stabilisation of

!The system also features a third pillar, which is based on voluntary (tax-facilitated) savings mostly through
insurance companies. This pillar is of relatively minor importance, though.

2Nowadays, most pension funds in the U.S. are of a defined contribution (DC) type, but pension funds in the
public sector are generally of a DB type. Hence, the Dutch second pillar resembles more closely the situation in the
U.S. public sector.



pension buffers, because contribution rates in the Netherlands are generally thought to have reached
their "natural" maximum. Indexation of pension rights is usually uniform over the entire group
of participants in the fund. However, there is a growing discussion whether the policy parameters
should be differentiated across the various groups of participants in a pension fund. Specifically,
Hurst and Willen (2007) find it typically welfare improving to have pension contributions increase
with the worker’s age. Indeed in the Netherlands much of the discussion focuses on differentiating
contribution and accumulation rates over cohorts. Another, related instrument is the differentiation
of indexation across the various groups of participants in a fund. However, to the best of our
knowledge there exist no analysis of what would be the best way to differentiate indexation across
groups of fund participants. This is exactly what we will analyse in this paper.

Because accumulated pension rights are increasing over a person’s working life, retirees and
those close to retirement will be hurt most by a uniform reduction in indexation. Moreover, these
groups are left with little or no flexibility to make up for any loss of indexation by working more,
while, in addition, a given loss of purchasing power has to be absorbed by a consumption reduction
over a relatively short remaining lifetime. Hence, these groups are at particular risk under policies
that resort to changing the indexation rate in order to keep pension buffers stable. Because financial
market risks are a major source of fluctuation in pension buffers, pension income of the elderly
is particularly sensitive to financial market shocks even though the younger generations would be
best placed to bear this source of risk given the imperfect correlation between the return on human
wealth and that on financial wealth. In fact, the seminal analysis in Bodie et al. (1992) shows that
the share of total (human plus financial) wealth invested in equity should be constant over one’s
lifetime, implying that shocks in shock prices have identical proportional effects on consumption
at all ages. This would be an argument to shift a disproportionate part of the indexation risk to
younger workers, at least to the extent that this risk is primarily linked to the financial market
performance of the pension fund’s asset portfolio.

We explore the following alternatives to uniform indexation across the participants. One is to
have "status-dependent" indexation, in which the retired always receive exactly enough indexation
to compensate for price inflation, while the indexation rate of the entire group of workers moves
uniformly in response to changes in the pension buffer. We also consider more complicated al-
ternatives to uniform indexation. One is to reduce changes in the indexation rate with age, the
idea being that older people hold more rights on average and, hence, are hurt more severely by
uncertainty in the indexation rate. A final alternative is to make indexation dependent on income
such that higher-income individuals absorb relatitvely more of the uncertainty about indexation
than those on lower incomes.

We develop an applied small-open economy overlapping generations model with annual cohorts
of heterogeneous agents and a pension system that incorporates the main features of the Dutch
system. In our stochastic simulations, calibrated to the situation in the Netherlands, we hit the
economy with a variety of unexpected shocks. These may be broadly classified into three categories:
demographic uncertainty (the size of newborn generations and survival probabilities that determine
life expectancy), economic uncertainty (productivity growth and the inflation rate) and financial
uncertainty (bond and equity returns and yield curve).

In spite of all the reasonable arguments that can be put forward in favour of differentiating
indexation, we find that at the aggregate level, as measured by the equivalent variation for all
groups together, uniform indexation tends to perform better than any of the alternatives. The
average difference in terms of compensating initial resources is relatively small, though, and is
always less than 0.5% of the initial resources of individuals. At the group level the effects are

larger. Initial retirees benefit from a switch away from uniform indexation, while the workers and



future born are net payers for the switch. Most of the benefit to the initially retired and the
payment by the others is purely redistributional. Only a relatively small part of the welfare effects
is the result of a difference in the effectiveness of risk sharing. We also investigate the robustness of
these results by varying within reasonable bounds the initial pension buffer and the assumed equity
premium. However, the results remain qualitatively unaltered. Under all indexation schemes, the
average indexation rate has to decline over time to maintain the fund’s sustainability in the wake of
increasing longevity. An increase in the retirement age that leaves existing pension rights untouched
does little to avoid this decline and leaves our basic results essentially unaltered.

The paper is organised as follows. Section 2 provides a brief discussion of the literature on risk
sharing within social security systems. Section 3 lays out the main elements of the model. Section
4 describes the policy rule and the benchmark calibration. Section 5 reports the results of the sto-
chastic simulations for the various forms of indexation under the benchmark calibration. Section 6
presents a robustness analysis varying the initial funding ratio and the equity returns, while Section
7 concludes the main text. Finally, the online appendix provides further details on the basic model,
the estimated shock processes, the policy rule followed by the pension funds and the outcomes of

some variations on our benchmark. It is available at http://www1.fee.uva.nl/mint/beetsma.shtm.

2 Literature review

Bodie et al. (1992) use a life-cycle model with the possibility to invest in two assets (risk-free and
equity). They start with the case of a non-stochastic wage and consider the case of a constant level
of labour supply optimally chosen at the start of one’s life and the case of flexible labor supply that
can respond to the performance of their investment portfolio. In particular, a bad performance
induces individuals to increase their labour supply. More importantly, the opportunity to ex post
vary the labor supply leads individuals to invest with more risk. The optimal amount invested
in equity is proportional to total wealth, i.e. the sum of human and financial wealth. Under
flexible labour supply, human wealth is measured as the discounted sum of wage earnings under
the assumption that leisure is zero throughout one’s life, while under fixed labor supply, it is
measured as the discounted sum of wage earnings obtained under the given amount of working
time. The main results are the following. The initial amount of investment in equity is likely to
substantially exceed financial wealth at the beginning of one’s life. Moreover, it is higher under
flexible labor supply. Further, the share of financial wealth invested in equity is decreasing over
one’s working life as human capital gets depleted and becomes constant upon retirement. Bodie
et al. (1992) also consider stochastic wages. The processes for the wage rate and the stock price
are assumed to be perfectly correlated. The consequence is that human capital can be seen as
equivalent to the combination of an investment in equity and an investment in a risk-free asset.
Hence, through their human capital individuals already possess an implicit investment in equity
and, hence, the explicit investment in the risky asset is the difference between the total desired
exposure to equity risk and the implicit exposure already present.

In the view of Teulings and De Vries (2006) the role of pension funds is to take intertemporal
consumption decisions on behalf of participants who find it difficult to take such decisions for
themselves and to allow for intra-temporal sharing of longevity risks. They build a model in
which individuals supply until their exogenous retirement age a given amount of labour against
a deterministic wage. Further, they die at a given, known age and they can invest in risk-free
bonds and risky equity. The results on the optimal investment allocation are essentially identical
to those in Bodie et al. (1992). Gains from intergenerational risk-sharing can be obtained when

new pension fund participants absorb upon entry part of the fund’s gains or losses made in recent



years before the entry. This way new entrants invest over a longer period of their life in equity,
thereby further diversifying their risk exposure. This type of risk sharing is effectively applied in
the Dutch pension system, as new entrants share in the under- or overfunding of their fund at the
moment of entry, thereby sharing in the past investment performance of the fund. The optimal
response to a shock to the value of the fund’s portfolio is an identical proportional reduction in
consumption over the entire future, while the pension contribution rate is raised over the remaining
working career. Finally, Teulings and De Vries (2006) also consider a defined-benefit generational
accounting structure, in which wealth at the moment of retirement is fixed at a level sufficient to
finance the future benefits with certainty. Hence, as of retirement date all wealth is invested in
risk-free bonds. This produces a welfare loss, because it would be optimal to hold at least some
equity.

Cui et al. (2010) compare intergenerational risk sharing in funded pension schemes with
individually-optimal investment schemes. The funded pensions feature DB elements. If assets
minus liabilities are positive (negative) then contributions may be reduced (raised) and pension
benefits may be raised (reduced). Three types of risk-sharing rules are considered in the case of
a mismatch. Under the first rule only contributions are changed and only workers share in the
risks. Under the second rule, only benefits are changed and only the retired share in the risk,
while under the final rule both contributions and benefits are adjusted. This is the preferred
regime, because under this regime the largest number of generations share in the risks. Under this
scheme investment in risky assets is largest, while the adjustment parameters in contributions and
benefits are small implying that mismatch vanishes only gradually. However, this is still not the
optimal regime. Under a social planner adjustment is even slower to spread shocks over even more
generations, which allows the fund to take on even more portfolio risk.

Our framework differs in a number of ways from that in the other contributions discussed here.
In Teulings and De Vries (2006) there is only uncertainty about the return on the investment
portfolio. Also in Bodie et al. (1992) there is only one source of uncertainty. Even when wages are
stochastic, they are perfectly correlated with equity returns. We allow for more sources of risk in our
model and, in particular, for demographic risk and inflation risk. Specifically, in contrast to Bodie et
al. (1992), productivity risks and stock market returns are imperfect correlated. This is important,
because under this assumption a pension fund acquires a useful role in reallocating productivity
risk from workers to retirees and reallocating stock market risk from retirees to workers. We deviate
from the other contributions by allowing for intragenerational inequality and rising life expectancy
and by explicitly addressing indexation policy, which plays a crucial role in DB funded pension
systems. The additional complications that we introduce in this paper also force us to make some
simplications in some directions. In particular, we will assume that the labour supply and the

3

composition of individual investment portfolios are exogenous.® This latter assumption has the

advantage that we simulate a model with realistic portfolio allocations.*

3 The model

There are D overlapping cohorts each period, with a period corresponding to one year. Further,

all individuals within a given group earn the same income.

3Related works that allow for endogenous labour supply in funded pension systems are Bucciol and Beetsma
(2010) and Bonenkamp and Westerhout (2010).

4Investment allocations determined through optimisation lead to portfolios with unrealistically high shares of
equity. This is problematic for simulations aimed at realistically quantifying the consequences of alternative policy

scenarios.



3.1 Cohorts and demography

We assume that individuals enter the labour force at their 25! birthday and we denote by the age
of a cohort the amount of time since entry into the labor force. The age is indicated by the index
7 =1,...,D. Each period there is an exogenous age-dependent probability that an individual will
die. An individual who has entered the labour force at the start of period t — (j — 1) =t —j5+1
has an exogenous marginal probability ¢, ;. € [0,1] of reaching age j at the end of period t
conditional on having reached age j—1 at the end of period ¢ —1. This probability is stochastic and
exhibits a downward trend, thereby causing an upward trend in the average age of the population.
Further, the cohort of newborns (i.e. new entrants into the labour force) in period ¢ is 1 + n; times

larger than the cohort of newborns one period earlier, where n; is also stochastic.

3.2 Skill groups and the income process

Each individual belongs to some skill group ¢, with ¢ = 1, ..., I, and remains in this skill group during
its entire working life. A higher value of i corresponds to a higher skill level. The division into skill
groups is such that all groups contain an equal number of individuals. Given the macroeconomic
circumstances, an individual’s income is uniquely determined by the combination of its age and
skill level. In other words, all the individuals of a given age in the same skill-group earn the same
hourly wage. We allow for skill-related income differences, because individuals below a certain
income level cannot build up claims to a second-pillar pension in the Dutch system and, hence,
those individuals will be hardly affected by policy changes in the second pillar. A shift from
one scenario to another may have substantially different welfare consequences for an individual
depending on its skill level. Hence, assuming away intra-generational heterogeneity would not
do justice to this important aspect of the Dutch second-pillar system and would prevent us from
making realistic individual welfare comparisons.

Individuals work for R years after which they retire and they live for at most D years after

entry into the labour force. During their working life, they receive a labour income y; ;¢ given by:

Yijt = €iSj2t, (1)

where e;, 7 =1, ..., I is the efficiency index for skill group ¢, s;, j = 1,..., R is a seniority index to

allow income for a given skill level to vary with age, and z; is the exogenous process

2= (1+g¢) 21, (2)

where g; is its exogenous, stochastic nominal growth rate and zy = 1.

3.3 Social security and accidental bequests

The social security system consists of two pillars that closely resemble the Dutch pension system.
The first pillar is a PAYG arrangement organized by the government, which sets the contribution
rate such that this pillar is balanced on a period-by-period basis. This pillar pays out a flat benefit
to every retiree and is a given fraction of average income, implying that the contribution rate is
adjusted in response to shocks. Although this pillar plays a relatively minor role in our analysis, it
is a relevant element of our model, because it provides an important share of the income of large
groups of retirees. In particular, given the franchise for the second pillar (as explained below),
for low-skilled individuals the first pillar is the only or main source of income in retirement. As a
result, changes in the second pillar can only have limited welfare consequences for these individuals.

The second pillar consists of private pension funds that provide defined benefit nominal pensions.



3.3.1 The first pillar of the social security system

Each period, an individual of working age pays a mandatory contribution pf ;¢ to the first pillar
of the social security system. This contribution depends on its income y; ;; relative to certain
thresholds &'y, and §%y,:

0 lf yi,j,t < 6lyt
pijt = 0f (i — 51%) ify ¢ € {yyh 5“%} , J<R, (3)
Gf 5uyt — 5lyt> if Yijt > 6uyt

R R
. N; . .
where 6, 6" and 95 are policy parameters and y; = > =5t y; ¢/ > Nj; is average income. In
j=1 = i=1 j=1

period ¢ the benefit received by an individual retiree is a fraction p of average income:

by = p"ye. (4)

Each period the contribution rate Hf is adjusted such that aggregate contributions into the first
pillar equal aggregate first-pillar benefits. Notice that someone on an income lower than 6lyt pays

no contribution, but still receives the same benefit as someone with a high income.

3.3.2 The second pillar of the social security system

Each period, a worker pays a mandatory contribution pf ;¢ to the second pillar if its income exceeds
the franchise income level \y;, where parameter A denotes the franchise as a share of average income.

Specifically,

pijt = Hf max {0,y — Ay}, J<R, (5)
where Gf is a policy parameter, which we assume to be capped at a maximum value of g max - (),
The contract underlying a second-pillar pension arrangement in the Netherlands generally imposes
a cap on the contribution rate and we include this feature into the model.

An individual from skill group ¢ of cohort j receives a second-pillar pension benefit linked to
his entire wage history given by:

b

vit = Mije,  J>R, (6)
where M; ;. is the "stock of nominal pension rights" accumulated by the end of period ¢. It is the
annual benefit in euros that the retiree receives each year during retirement, as long as this number
is not revised through indexation or a reduction by writing off existing rights.” Variable M; ;¢ is
a stock variable that increases with each additional year of work the individual has provided. At

the end of period t it is given by:

L+ wije) Mij—1.:— ,
(=myq OtenoMe g
M = +pmax {0,y; .t — Ayt } ; (7)
(1 —my) (14 wige) Mij-1,6-1, J>R

where parameter p is the annual accrual rate and parameter w; ;, is the rate of indexation of
nominal rights. It will depend on the financial position of the pension fund, as we will detail below,

and it is also allowed to be potentially cohort- and skill-group specific . Further, m; > 0 is a

5For example, someone of age 35 who has accumulated 2000 euros of nominal rights, would, if he were to stop
working now and in the absence of indexation or a reduction, receive 2000 euros each year as of his 65th birthday.



proportional reduction in nominal rights that may be applied when the funding ratio is so low that
restoration is no longer possible using other instruments, while m; < 0 when earlier reductions are
undone. We assume that m; > 0 only when w; ;; = 0. Each individual enters the labour market
with zero nominal claims (M;,—; = 0 for any ¢ and t). In contrast to the first-pillar pension
benefit, the second-pillar benefit depends on both the cohort and skill level of the individual.
Given the accrual rate p and franchise share A, the choice of the fund’s policy parameters Gts ,

w; 4+ and my; depends on the level of the nominal funding ratio

F =2 ®)

where A; and L; are the values of the fund’s assets, respectively liabilities. At the end of period ¢
the fund’s assets are aggregate contributions in period ¢ minus total benefits paid out in period ¢
plus the assets at the end of period ¢t — 1 grossed up by their return in the financial markets:

R N I D N I
_ GENT, S NS f
Ay = ZT Zp,-,j,t — Z — Zbid’t + (1—|—7"t)At_1, 9)
Jj=1 i=1 j=R+1 i=1
where
Thrf = (1 =28 (1+7) + 22 (1 +7), (10)

where r{ is the average nominal return on the fund’s assets in period ¢ — 1, r® is the return on

long-term bonds and ry the return on equities. All asset returns are exogenously determined on
the international financial markets, in line with the situation of the Netherlands being a small open
economy operating under perfect capital mobility. Further, an exogenous share z¢ of the fund’s
value is invested in equities and the remainder in long-term nominal bonds. Actual data for Dutch
pension funds show a rather stable composition over the years, which may point to pension funds
aiming at stable targets for the various asset categories. For this reason we assume that z¢ is
constant.

The long-term bonds held by the pension fund always have a 10-year maturity. Therefore, at
the end of each year bonds of 9-year maturity are sold for new 10-year bonds. The online appendix
shows that

b _ (1 + Tlfo,t—1)10

Ty = -1
! (1+78,)°

where rb; ,, (r§,) is the yield on a 10-year (9-year) zero coupon bond in year ¢ — 1 (year t).
The fund’s liabilities are the sum of the present values of current and future rights already

accumulated by the cohorts currently alive:

D N, I
Li=Y" ;’t > Lija (11)
j=1 i=1

where L; ;+ is the liability to the cohort of age j and skill level ¢, which is computed as the
discounted sum of the projected future nominal benefits based on the current stock of nominal
rights. Discounting takes place against a term structure of annual nominal interest rates {rk,t}szl.

Hence,



Ey

D—
Zo (Hw.i+k,t—,j+l> MMi,j,t] , if j >R
k=1 :

D— J
- R+1 » (deﬁkt ]+1> m i\ t] , ifj<R
Li,j,t == (12)

Ey
=

When j < R, we discount all future benefits to the current year ¢, but of course they will only be paid
out once individuals have retired. Crucially, in the Netherlands the computation of the liabilities
excludes any future indexation. Hence, pension funds that aim at maintaining the purchasing

power of the accumulated rights need to maintain a funding ratio that is substantially above 100%.

3.3.3 Accidental bequests

The only role of accidental bequests in the model is to ensure that resources do not "disappear"
because people die. The government collects all the financial assets from those who die and redis-

tributes them through equal transfers to all those who are alive.

3.4 The individual decision problem

Each period individuals choose nominal consumption c; ;. The state variables are assets a; ;+ and
the income process z;. The individual’s value function is:

Vit (@i, 2t) = max {U Cigt) F BYj1e— 1 B Vit (@ijener, 241}

Ci,

subject to

aijy1e41 = (L4+7j001) (@ige — Cige + Yijt) s

where the period utility function u (¢; ;) is given by

I g
= )y — - v
u(Cijt) = 1— ,ycz‘,j,w
where v is the coefficient of relative risk aversion and ¢; ;. is real consumption,

Ci gt
t
[[a+m)
s=1

where 7, is the rate of price inflation in period ¢. Further, y; ;; is total income net of contributions:

)

Cijit =

g = Yt he—pl,—pd, fj<R
Y bf +b§j,t + ht, 1f] >R

where h; is the accidental bequest, while the portfolio rate of return depends on the age-specific
share invested in equities, x;:
L4+7j41 = (1 — ) (1 + rfJbrl) + (1 + er) ,

where a share (1 — z;) is invested in one-year bonds against a return Tf.lh-



3.5 The shocks

The estimation of the shock processes is described in detail in the online appendix. Here, we
provide only a brief description. There are only aggregate shocks in the model. The menu of
shocks consists of demographic shocks, shocks to the income growth rate and the inflation rate,
which together detemine productivity shocks, and financial market shocks. All these shocks are

collected in the vector ¢, = |€}, eip, €l €r, e, el eg’t, ey €8 t} with elements

e ¢;: shock to the newborn cohort growth rate, n;.

e ¢/ : shock to the set of survival probabilities, {¢j7t_j+1}f:1.
o ¢/: shock to the nominal income growth rate, g;.

e ¢]: shock to the inflation rate, ;.

e ¢;: shock to the nominal equity return, ry.

e % shock to the one-year "short-term" bond return, 73°.

° €Z,tv k=2,...,D: shock to the nominal bond return at maturity &, r]l;,t.

All these shocks affect the funding ratio, while only demographic shocks affect the first-pillar
of the pension system. In response to the shocks the parameters of the pension system may need
to be adjusted to restore the balance in the first pillar and to maintain sustainability of the second
pillar.

Each demographic shock is distributed independently of all the other shocks. The growth rate

ng of the newborn cohort depends on deterministic and random components:

ng =mn+ €,
where n is the mean and €} the innovation at time ¢, which follows an AR(1) process. The survival
probabilities evolve according to a Lee-Carter (1992) model. We allow the shocks to the inflation

rate, the nominal income growth, the one-year bond return and the equity return to be correlated

with each other and over time. These variables feature the following multivariate process:

Ty 7r €f
g
gt _ g + €t (13)
st - ’I"Sb 6sb ’
t t
e e e
Ty r [

with means (w,g, b, re)/ and innovations (ef7 e et ete), for year t that follow a VAR(1) process,

€ €11 ny ny
g g g g
€t €1 yk Nt ~
=B + , N (0,%f). (14)
efb 5531 nfb Ufb
€ €5—1 Ul U

Hence, our shocks consist of a deterministic component, which is a linear combination of previous-
year shocks, and a purely random component, given by realizations from i.i.d. innovations.

The yield curve is constructed by setting the return rlit at the one-year maturity at rf® and
the returns at higher maturities & > 2 equal to the sum of the one-year return 73 plus the excess
of the return at maturity % relative to the one-year return, 7727“ which is simulated on the basis of
an estimated vector autoregressive distributed lag (VADL) process with lag 1 for ?;';’t, k=2,...,D.
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3.6 Welfare comparisons between policy scenarios

We compare welfare between the two scenarios A (our benchmark scenario) and B (the alternative)
at the start of period ¢ = 1 for individuals alive at that moment and at the start of their first year of
life for individuals that are born later. The individual welfare comparison is based on the equivalent
variation EV; ;., which for skill group 7 of cohort j we define as the amount of wealth that should
be added in scenario A to obtain the same utility as in scenario B. That is, for those alive at the

start of ¢ =1, we define EV; ;1 by the equation
Vi (aija+ EVija,z) = Vi,

where (a; 1+ EV; j1,%1) are the arguments of the value function, that is the level of assets plus
the equivalent variation and the level of the income process at the start of ¢ = 1, while for those
born at the start of ¢ > 2, we define EV; ;; by the equation

A B
Vide(aine +EViie z) = Vi,

where a; 1+ + EV; 1, is the initial level of assets at birth plus the equivalent variation and z; is the
level of the income process at the start of t. The equivalent variations for various groups can be

added up to produce an aggregate welfare comparison at ¢ = 1:

D 1 I 251 N 1 1
EV=YNu:Y EVij +<Z bR ZEVi,Lk) (15)
P e =+ +n) T S

This expression sums the equivalent variations of all individuals alive at time t = 1 and the equiva-

lent variations at birth (j = 1) of all future-born individuals discounted at the rate (1 + g) (1 +n)—
I

1. We choose this particular discount rate, because % >~ EV;1, grows on average at the same rate

=1
¢ as nominal income and each new generation N j in period k is on average (1 +n) times the

size of the previous young generation. Hence, the weight of future-born generations in the overall
measure FV is made comparable to the weight of the currently-alive generations.
As an alternative aggregate measure we take the percentage of those alive at t = 1 in favour of

the alternative policy:
PER = 3 N. Ly 1
—Z; j,ljz; {vB ,>vA L}
Jj= 1=

where 1y, is an indicator function that equals unity if the condition within the curly parentheses

holds, and 0 otherwise.

4 The policy rule

The government automatically adjusts the contribution rate # € (0,1) to maintain a balanced
first pillar of the pension system. On average, this contribution rate increases over the years along
with the ageing of the population. More policy options are available to affect the funding ratio of
the second pillar. There are three key parameters, of which the period ¢ + 1 values are determined

Gs’max] , the indexation

on the basis of the funding ratio F;: the contribution rate HtS_H € [O,
parameter k1 > 0 and, as a last resort, a reduction (m¢41 > 0) or restoration (m:y1 < 0) of the
nominal pension rights. Parameter ;11 > 0 captures the average (across the population) degree
of indexation to nominal wage growth. The board of the pension fund selects the contribution rate
and the indexation parameter, but can only reduce nominal rights under special circumstances, as

described below.
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We define three threshold values for the funding ratio, & = 1.05 < €™ < £* = 1.50, where
€™ =1.25.5 When the funding ratio F; exceeds £, after restoring possible earlier cuts in nominal
rights, the fund’s Board sets the contribution rate 67 1 at its initial level 67 and the indexation

parameter to kyp1 = % + %gi:gm. Hence, indexation in ¢ + 1 increases linearly in F; and is

complete (equal to 1) at £“. Notice that, due to population ageing, the contribution rate Qf will be
increasingly insufficient to finance aggregate benefits. The result is that indexation will on average
be falling over time. Moreover, notice that indexation exceeds unity when the funding ratio exceeds
&". This way the funding ratio is stabilised from above.

As mandated by the Dutch Pension Law, when the funding ratio falls below £, but remains
above fl, a long-term restoration plan is started, while when it falls below 51, a short-term restora-
tion plan is started. The latter situation is termed "underfunding". The long-term restoration plan
requires a restoration of the funding ratio to at least " in at most K' = 15 years (ignoring possible
future shocks), while the short-term restoration plan requires restoration to at least fl in at most
K*® =5 years (ignoring possible future shocks). Hence, policy aims at keeping the funding ratio
above £™. This is achieved by following an "indexation policy", of which the primary instrument
is the parameter k¢11 > 0. Specifically, within each year of the restoration plan indexation is set

as follows:

0, it Fy < ¢ 16)
K = ! . ml -
T 2k, tRe (¢he7]

The projected funding ratio is then computed (assuming further shocks are absent) and compared

with its target prescribed by the restoration plan. If necessary, the contribution rate 95 is raised
up to at most the maximum 6°™*. Conform Dutch Law, when there is underfunding (F; < ¢')
and the adjustments in the indexation parameter and the contribution rate are jointly insufficient,
nominal rights are scaled back by whatever amount is necessary to eliminate the underfunding
within the allowed restoration period. In the case of a long-term restoration plan, nominal rights
remain untouched.

The indexation parameter x; is identical for the entire population, but the actual level of
indexation received by each individual may differ with the policy adopted. The growth rate w; ;¢

of pension rights of an individual wi