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ABSTRACT

The current redesign of the Dutch pension system results in less intergenerational risk-
sharing (IRS) through the pension funds, which leads to lower welfare for the partic-
ipants and a more volatile government debt, because of the tax exemption rule for
pension savings. We study effects on the welfare and risk-sharing of generations, using
a multi-period overlapping generations model, assuming that the government uses the
tax rate to smooth shocks of the debt, while pension benefits and contributions depend
on the funding ratio of the pension fund. Furthermore, we reproduce specific Dutch fea-
tures to get more insight on the effects of the current Dutch pension system redesign.
We find first that a collective scheme with optimal IRS via pension fund and government
debt provides a substantially higher welfare than an optimal individual scheme without
smoothing of risks over generations. Second, we quantify that reducing IRS through
the pension fund, results in a welfare loss and requires a higher degree of IRS via the
government debt. Hence, the Dutch pension system redesign should be complemented
with a less restricted government debt policy, in order to secure the welfare of both
current as well as future generations.
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1. INTRODUCTION

According to much literature, intergenerational risk-sharing (IRS) defined as the abil-
ity of sharing risks among generations, is potentially welfare improving (among others:
Gordon and Varian (1988), Shiller (1999), Ball and Mankiw (2007)). IRS can be ar-
ranged by current generations which are overlapping; it can also be arranged with future
generations. There are different institutional channels to manage IRS. The most notable
channels are pension funds and governments. IRS can also be arranged using agree-
ments within families, however, this can be replaced by the government and pension
funds (Atkinson et al. (1986), Galasso et al. (2008)). In private markets, IRS is not
available; hence, both pension funds and governments play an important role in making
the market more complete. Moreover, mandatory participation can improve the welfare
from a collective scheme even more (Beetsma et al. (2011b)). Pension funds can share
risks among generations, by accepting funding imbalances and adjusting the contribu-
tion rates and benefit levels. Governments are able to share risks among generations,
by accepting government debt, reducing/increasing the public expenses, adjusting the
tax rates and the issuance of social security.

The risks to be shared are mainly equity return, interest and inflation, longevity
(/fertility) and wage changes. In market value terms, IRS is a zero-sum game. From
a utility perspective, economic losses hurt more than the pleasure from equally large
gains. This feature is known as loss aversion (Kahneman et al. (1979)). Hence, IRS
can be a positive-sum game from a welfare perspective (Ponds (2004)), provided that
pension funds and governments manage to develop a well-structured design, in which
economic shocks are smoothed over generations.

The government-supported pension income parts in the Netherlands consist of a
state pension (first pillar) and a mandatory collective pension scheme for most employ-
ees (second pillar).1 This system has proven to be one of the best in the world,2 but the
pension funds are under pressure from low stock market developments, low interest rates
and the aging population. Recently, the design of the Dutch pension system has been
revised. The social partners wanted to protect the working cohorts and the sponsoring
firms, by looking for a pension contract with fixed contributions. In order to make
the pension funds less vulnerable to periods with low equity returns, the funding ratios

1 Moreover, for more than 90% of the employees, their social partner has decided to provide a pension
scheme. Hence, participation is mandatory for most Dutch employees. For the remaining part of the
employees and for the self-employed, it is also possible to participate in a pension scheme, but this
decision is voluntary (third pillar).

2 The Dutch pension system is ranked number one for the last three years in a row, according to the
Melbourne Mercer Global Pension Index (Melbourne Mercer Global Pension Index Report, 2011).
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need to be recovered by higher benefit cuts. Hence, there are implications of reducing
IRS through the pension funds, in terms of protecting the employees and making the
funds less vulnerable to negative shocks. The current reduction of IRS might result in
a welfare loss for the participants, because there is more uncertainty about the level of
retirement income. Furthermore, the need for IRS through the government debt might
increase.

In the Netherlands, there is a fiscal policy in which pension contributions are un-
taxed, while the benefits are taxed. This fiscal policy is known as: exempt-exempt-tax
(EET). Due to this taxation system, the revenues of the government depend on the
retirement benefits provided by the pension funds. Therefore, the government bears
more risk, if the pension benefits are more volatile. Hence, imposing the current Dutch
pension system reform, implies a more volatile government debt (see Beetsma et al.
(2011a)). Government debt can be used as a tool to absorb economic shocks (Gordon
and Varian (1988)), however, the European Union member countries have a mutual
agreement concerning the public debt level (Treaty on stability, coordination and gov-
ernance in the economic and monetary union, 2012). According to this pact, dispro-
portionately high debt levels need to be recovered, which might result in drastic tax
increases and public expenditure reductions. The current Dutch government debt is
about two-third of the GDP and there is much pressure on this debt level, because of
the low credibility of other European countries (Eurostat Newsrelease Euroindicators,
111/2012). Hence, a stable government debt (with low volatility) is desirable.

It is important that policymakers are aware of the effects of changing the pension
system design, as it may have serious consequences for the volatility and the level of
the government debt. Especially, when we realize that recently the Dutch government
debt is about 400 billion euro and the Dutch pension assets have a total of almost 900
billion euro, then, for a tax rate of 30%, the government revenues from pension benefits
are about two-third of the debt level and almost half of the Dutch GDP. Excessive debt
levels will lead to changes in government expenses and tax adjustments. The welfare
of future generations needs to be secured by shaping the policy of the government and
the pension system, such that the pension funds are less vulnerable to economic shocks
and that the volatility of the government debt is limited. Hence, the proposed pension
plan redesign should go along with a redesign of the government debt policy in order to
secure the welfare of current and future cohorts.

The research described in this thesis provides an optimal design with IRS via the
government and a pension fund, where equity return and debt credit risks are shared
among generations. Furthermore, we reproduce specific Dutch features and investigate
the effects on welfare and on the need for IRS through the government debt, due to the
change in the Dutch pension plan. Chapter 2 describes the structure of the economy
and the models, which are inspired by Cui et al. (2011). We add government debt
and tax for social security, which are used as two additional instruments for arranging
IRS. The benchmark will be an optimal individual model, with a flexible saving and
investment policy, however, without smoothing of risks. Thereafter, a collective scheme
is defined, where a social planner determines what risk absorbing policies are optimal
for the welfare of the participants. The pension fund implements IRS, by smoothing
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shocks of the funding ratio using the contribution and the benefit rates. The government
implements IRS, by adjusting the tax rate according to the debt level and issues a fixed
social security to the retirees. This model will be set up with and without the EET
policy. The welfare losses associated with different pension system designs are quan-
tified and compared to the optimal design. Chapter 3 evaluates the different optimal
designs obtained from the model and analyzes whether certain policies ask for a higher
or lower degree of IRS through the different channels. We quantify that the optimal
collective schemes substantially outperform the optimal individual scheme from a wel-
fare perspective, because of the optimal use of the IRS arrangements. The robustness of
the results are discussed in Chapter 4. Chapter 5 looks at an alternative optimization
process, from the perspective of a number of specific cohorts. Chapter 6 evaluates the
Dutch pension system redesign on IRS, where we reproduce specific Dutch features. We
quantify that reducing IRS through the Dutch pension fund, as a consequence of the
current redesign, results in a welfare loss for the participants. This might be compen-
sated by an increased need for IRS through the government debt. Finally, Chapter 7
summarizes the findings and draws conclusions.



2. THE MODEL

We analyze a stylized economy where retirement income is obtained through the gov-
ernment and the pension fund. The government provides a fixed social security to all
pensioners each year, irrespectively whether they have been employed or not. The pen-
sion fund provides a pension benefit for all pensioners who have been employed during
their working years.

The structure of the pension fund is inspired by the model of Cui et al. (2011). The
pension fund receives contribution payments from the employed and provides retirement
benefits to the people who have been employed. The contribution rate and benefit rate
are related to the fund surplus, where shocks are smoothed over different generations.
This results in intergenerational risk-sharing via the pension fund (second pillar).

In our model, we introduce the role of the government to add two more instruments
for sharing risks among generations. First, the government issues a fixed social secu-
rity to the pensioners, which is financed by the employed (first pillar). Secondly, the
government debt is used as a tool to smooth interest rate shocks over generations by
adjusting the tax rate to gradually restore the debt level. The debt, tax and social
security payments result in intergenerational risk-sharing via the government.

We consider 55 overlapping generations with 40 working cohorts and 15 retiree
cohorts, where each generation has a fixed employment rate. The exogenous risks are
interest rate risk and equity rate risk, where both the government and the pension fund
are used to absorb part of the shocks. We do not take longevity risk into account and,
therefore, we assume each generation has an equal length of working and retirement
period.

The model is defined for two different taxation policies: without and with EET. In
the setting without EET, the working cohorts pay tax and pension premium simultane-
ously and retirement benefits are untaxed. The setting with EET refers to the setting
where working cohorts first pay pension contributions and, then, pay income tax over
the remaining part, while the retirement income is taxed.

First, we describe the economy in Section 2.1. Second, the optimal individual
scheme, which will be used as benchmark, is defined in Section 2.2. Section 2.3 de-
fines the collective schemes for the setting without and with EET. The schemes are
optimized by choosing the optimal target tax rate, target contribution rate, investment
policy and levels of smoothing. Smoothing can be managed through tax, contribution
and benefit. We optimize by maximizing the expected utility of a hypothetical social
planner, who takes the welfare of future cohorts into account as well.
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2.1 Economy, generations and preferences

We investigate the economy as described by Cui et al. (2011), where we add a fixed
employment rate λ = 90% and a fixed social security ζ = 20%. This social security is
obtained by retirees, irrespective whether they have been employed or not. We also use
a lower equity rate of return µ = 5%, which is more in line with the current economic
developments.3

We consider two assets: a risky asset and a risk-free asset. The risk-free asset has
a constant rate of return (r∗ = 2%). The risky asset follows a geometric Brownian
motion with constant drift (µ = 5%) and constant volatility (σE = 15%). The fraction
of wealth invested in equity in year t is denoted by ωt.

The employed individuals start working at the age of 25 (t = 0), retire at the age
of 65 (t = R = 40) and die at the age of 80 (t = T = 55). The labor income of a fully
employed generation is normalized to 1, such that the labor income of one generation
equals λ. We do not consider inflation risk and assume wage inflation equals price
inflation. Hence, the variables in our model are expressed in real terms. The employed
people of the working cohorts pay tax to subsidize the social security of the retirees.
Employed individuals have the following utility function over their life 4

U = E0

(

T−1
∑

t=0

u(ct)(1 + δ)−t

)

(2.1)

where ct denotes the consumption level at time t, δ is the time preference parameter
and u(·) is the constant relative risk aversion (CRRA) utility function

u(c) =
c1−ρ

1− ρ
(2.2)

In the baseline case, we assume that the risk aversion parameter ρ = 5 and the time
preference parameter δ = 4%. This utility function and these parameters are the same
as used by Cui et al. (2011), to retain comparability.

2.2 Optimal individual scheme

The optimal individual scheme will be used as a benchmark, where no government
or pension fund is available to smooth shocks over different generations. Retirement
income consists of a fixed social security and personal savings, where the social security
is financed by the working cohorts using tax. Therefore, the tax level τ equals

τ =
ζ(T −R)

Rλ
(2.3)

3 Dimson et al. (2011) suggest an expected equity premium around 3% to 3.5% on an annualized
basis. Hence, we assume the equity premium is equal to µ− r∗ = 3% in our model.

4 We do not consider the welfare of the unemployed. We only assume the unemployed people receive
social security from the government each year, when they are older than the age of 65.
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The individuals will evaluate the asset portfolio and consumption level in each year,
where they are restricted to a borrowing and short selling constraint (0 ≤ ωt ≤ 1).
According to the preferences of the individual, we define the objective function

U = max
{0≤ωt≤1,ct}

[

E0

(

T−1
∑

t=0

u(ct)(1 + δ)−t

)]

(2.4)

subject to the wealth dynamics

dWOI
t = [WOI

t (r∗ + ωt(µ− r∗)) + 1− τ − ct]dt+ ωtσEW
OI
t dZE,t for 0 ≤ t < R (2.5)

dWOI
t = [WOI

t (r∗+ωt(µ−r∗))+ ζ− ct]dt+ωtσEW
OI
t dZE,t for R ≤ t < T (2.6)

WOI
0 = 0 (2.7)

where WOI
t is the size of the wealth in year t. The difference between the wealth

dynamics before and after retirement (Equation (2.5) and Equation (2.6), respectively)
is the fixed income. Before retirement, this is equal to the wage income minus tax
(1− τ), while after retirement, the fixed income is equal to the social security (ζ). The
wealth level in year t is subtracted by the consumption level in that year (ct) and the
returns from savings depend on the asset allocation (ωt). The dynamics of the asset
portfolio are given by

dWOI
t = WOI

t (r∗ + ωt(µ− r∗))dt+ ωtσEW
OI
t dZE,t (2.8)

where dZE,t follows the standard Brownian motion. Dynamic programming is used to
solve the optimal consumption levels and the optimal investment policies, using the
numerical procedures of Carroll (2006).5

We define a certainty equivalent consumption level (CEC), in order to measure the
welfare and compare this level with the collective schemes. The CEC can be interpreted
as a fixed annual consumption level over the entire lifetime (from t = 0 to t = T − 1),
such that the individual would ex ante be equally satisfied as from the welfare obtained
by the optimal individual model. Using the maximum expected utility (U) the CEC of
the optimal individual scheme (CECOI) is obtained by

U =
T−1
∑

t=0

u(CECOI)(1 + δ)−t (2.9)

2.3 Optimal collective scheme

In our collective schemes, each individual is obliged to participate to the system of the
government and the pension fund. The agents are not allowed to save or borrow outside
this system.

5 More details of the solution method are provided in Appendix A.
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2.3.1 The pension fund

Individuals save for retirement by paying contributions to the pension fund during their
working years. After retirement, the individuals receive retirement income in return.
The pension fund invests a fixed fraction (ω) of the assets in the risky asset. The
remaining part will be invested in the risk-free asset. We assume that the fund is not
able to borrow or sell short (0 ≤ ω ≤ 1). A target contribution level p is chosen once
and will remain forever after. The target benefit level b is chosen in an actuarially fair
way, using the risk-free interest rate and the target contribution

R−1
∑

t=0

p(1 + r∗)−t =
T−1
∑

t=R

b(1 + r∗)−t (2.10)

The target liabilities of the pension fund are calculated in the following way

L =
R−1
∑

x=0

(

T−1
∑

t=R

λb(1 + r∗)−t+x −
R−1
∑

t=x

λp(1 + r∗)−t+x

)

+
T−1
∑

x=R

T−1
∑

t=x

λb(1 + r∗)−t+x (2.11)

The first summation sign adds up the liabilities of the current working generations and
the last two summation signs add up the liabilities of the current retiree cohorts. We will
call L the target liabilities, as it is calculated from the target levels of the contribution
and benefit. If the fund invests all of her wealth in the risk-free asset (ω = 0%), then
the actual liabilities will remain equal to the target liabilities. However, risky assets
might have a higher rate of return. Hence, it can be optimal from a welfare perspective
to invest a part of the wealth in risky assets. This will lead to a mismatch between
assets and liabilities. Let At denote the asset value of the pension fund in year t, then,
the fund’s assets have the following dynamics, where the mismatch between assets and
liabilities is absorbed by the changes of the contributions and benefits

dAt = [At(r
∗ + ω(µ− r∗) +Rλpt − (T −R)λbt]dt+ ωσEAtdZE,t (2.12)

where pt and bt are the actual contribution and benefit levels in year t, respectively,
and will be defined below. We assume that the fund initially has no underfunding or
overfunding (FR0 = 100%), which corresponds to an initial asset value of A0 = FR0∗L.
Then, we define the fund surplus St in year t as

St = At − L (2.13)

We assume the pension fund uses linear indexation policies to adjust the contributions
and benefits, according to the funding ratio. The slope of the indexation policy deter-
mines the speed of absorbing fund imbalances. We use the following policy to define
the contribution rate in year t

pt = p− α
St

λR
(2.14)

where α is the risk absorbing coefficient of the funding ratio through the contribution
rate. λR refers to the size of the group of current employees. If we have α = 1, then
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each shock in the fund surplus will be immediately restored through the contribution
rate. If we have α = 0, then the contribution rate is equal to the target contribution
level in each period. For the benefit rate in year t we define the following policy

bt = b+ β
St

λ(T −R)
(2.15)

where β is the risk absorbing coefficient of the funding ratio through the contribution
rate. λ(T − R) refers to the size of the group of pensioners who have been employed.
If we have β = 1, then each shock in the fund surplus will be immediately restored
through the benefit rate. β = 0 refers to the setting in which the benefit rate is always
equal to the target benefit level.

Fig. 2.1: Illustration of the linear indexation policies for contributions and benefits.

With the two policies described above, we provide a pension scheme, where both
the contribution and the benefit levels depend on the fund surplus. Figure 2.1 presents
a graphical illustration of these linear indexation policies. The actual contribution rate
and benefit level depend on the funding ratio, where the risk absorbing coefficients
determine the slope of the graph. When the funding ratio is 100% (in year t), then
the contribution equals the target contribution (pt = p) and the benefit equals the
target benefit (bt = b). Additionally, we assume that the risk absorbing coefficients are
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bounded between 0 and 1 (α, β ∈ [0, 1]). For low values of the risk absorbing coefficients
α and β, shocks of the investments are smoothed over a longer period and therefore
allows for a higher degree of intergenerational risk sharing.

2.3.2 The government and stochastic interest rate

The government provides a fixed social security ζ to each individual older than the age
of 65, irrespective whether this person has been employed (and therefore has payed
tax) or not. In the baseline case, we assume that the government has an initial debt
D0 = 20, which corresponds to a level of 55.56% of the gross national income (GNI).6

We also assume that the target level of the government debt D∗ = 20. In our model,
the government uses a policy, where the tax rate linearly depends on the government
debt, such that the debt level partly restores to the target debt. Besides, we define two
additional rules of the tax policy, to prevent excessive debt levels:

Taxation rule 1: When Dt > 40, the government will adjust the tax rate immedi-
ately such that, ceteris paribus, Dt+1 = 40.

Taxation rule 2: When Dt < 0, the government will adjust the tax rate immedi-
ately such that, ceteris paribus, Dt+1 = 0.
The first rule can be interpreted as a recovery plan, in which the government carries
out drastic tax changes, to restore disproportionate high debt levels. The opposite
holds for the second rule, where larger tax reduction is carried out in case of a positive
government balance. If a sequence of negative (positive) interest shocks occur after the
debt level already gets larger than 40 (less than 0), then it is possible that the debt level
is above 40 (below 0) for more than one year. In Figure 2.2, a graphical illustration of
the tax policy is shown. In this figure, we observe a sharper graph for debt levels below
0 and above 40, because of our taxation rules. The tax rate is described in more detail
in sections 2.3.3 and 2.3.4, for the settings without and with EET, respectively.

Over the outstanding debt, the government needs to pay interest. The interest rate
is a mean reverting process, like the Vasicek model, where the drift term also depends
on the government debt level

drt = ν(r∗ − rt(1−
Dt −D∗

a
))dt+ σrdZr,t with rt ∈ [0, 15]% (2.16)

where ν is the speed of reversion, a denotes the relation between debt and interest,
σr is the volatility of the interest rate shocks and dZr,t is the exogenous risk factor of
the Vasicek model. We assume that the speed of reversion is two years (ν = 1

2), the
relation between debt and interest is the size of the working generations (a = 40) and
the interest rate volatility is 25% of the mean (σr = 0.5%). The interest rate is capped
between 0% and 15%, such that no negative and no excessive interest rates are possible.

6 We assume there are R = 40 working cohorts and each working cohort earns a total salary
normalized to the employment rate (λ). Hence, the gross national income (GNI) in our model is
equal to λR. From this, we find that in our baseline case the initial government debt corresponds to
D0

λR
100% = 20

0.9∗36
∗ 100% = 55.56% of the GNI.
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Fig. 2.2: Illustration of the tax policy.

2.3.3 Without exempt-exempt-taxation

The first setting we consider, is the setting without EET. The government chooses
the target taxation level, such that ex ante the social security payments equal the tax
revenues

τ =
ζ(T −R) + r∗D0

λR
(2.17)

where ζ(T −R) refers to the total issuance of social security, r∗D0 is the interest on the
government in year t = 0 and λR refers to the total taxable income. The actual tax
rate in year t depends on the size of the government debt and is defined as follows

τt = τ + γ
Dt −D∗

λR
(2.18)

where γ is the risk absorbing coefficient of the government debt through the tax rate,
λR refers to the total taxable income again and Dt −D∗ is the difference between the
target debt and the actual debt. If we have γ = 1, then each shock in the size of the
government debt will be immediately restored to the target debt level through the tax
rate. γ = 0 refers to the setting in which the actual tax rate is equals the target tax
level, such that the employed individuals have a fixed tax on income, unless one of our
taxation rules comes in, due to excessive debt levels. The government debt increases
each year by the interest rate over the debt (Dtrt) and the issuance of social security
to all retirees ((T − R)ζ) and is reduced by the total tax revenues (Rλτt). Then, the
government debt follows the following dynamics

dDt = [Dtrt −Rλτt + (T −R)ζ]dt (2.19)

The consumption level of an individual before retirement is equal to the income
after tax payments and contribution payments. After retirement, the consumption level
equals the social security plus pension benefits. Hence, the consumption level in year t
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is defined as follows

ct = 1− τt − pt for 0 ≤ t < R (2.20)

ct = ζ + bt for R ≤ t < T (2.21)

2.3.4 With exempt-exempt-taxation

We analyze an EET setting as well. The working cohorts pay tax over their income
after subtracting the contribution payment. When individuals receive their pension
income, they need to pay income tax over their pension benefits. Hence, for individuals
the tax on pension wealth is deferred to a later period in life. The government chooses
the target taxation level, such that ex ante the social security payments equal the tax
revenues, where only the denominator differs from the target tax in the setting without
EET

τ =
ζ(T −R) + r∗D0

λ(R(1− p) + (T −R)b)
(2.22)

where the numerator is the same as in Equation (2.17) and λ(R(1−p)+(T −R)b refers
to the total taxable income in case the funding ratio of the pension fund is exactly
100%, which is the case in year t = 0. The actual tax rate in year t depends on the size
of the government debt and the funding ratio in that year and is defined as follows

τt = τ + γ
Dt −D∗

λ(R(1− pt) + (T −R)bt)
(2.23)

where γ andDt−D∗ has the same interpretation as in Equation (2.18). The denominator
refers to the total taxable income, which is the sum of tax on labor income (λR(1−pt))
and tax on retirement income (λ(T − R)bt). The government debt increases each year
by the interest rate over the debt (Dtrt) and the issuance of social security ((T −R)ζ)
and is reduced by the tax revenues (λ(R(1− pt)+ (T −R)bt)τt). Then, the government
debt follows the following dynamics

dDt = [Dtrt − λ(R(1− pt) + (T −R)bt)τt + (T −R)ζ]dt (2.24)

The consumption level of an individual before retirement is equal to the income after
contribution payments, subtracted by the tax payments over the remaining income.
After retirement, the consumption level consists of the social security and the taxed
pension benefits. Hence, the consumption level in year t is defined as follows

ct = (1− τt)(1− pt) for 0 ≤ t < R (2.25)

ct = ζ + (1− τt)bt for R ≤ t < T (2.26)

Table 2.1 summarizes the size of the cash flows in the setting with and without EET.
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Tab. 2.1: Cash flows in the different taxation settings

description without EET with EET

pension contributions pt pt
tax during working years τt τt(1− pt)
tax during retirement years 0 τtbt
consumption during working years 1− τt − pt (1− τt)(1− pt)
consumption during retirement years ζ + bt ζ + (1− τt)bt

2.3.5 Optimization process

The optimization process is obtained by simulating 105 scenarios of the risky asset and
the interest rate. Then, we calculate the certainty equivalent consumption (CEC) for
each combination of the optimization parameters (α, β, γ, ω, p ∈ {0, 0.001, 0.002, . . . , 1}).
Finally, we obtain the optimal design, by selecting the combination of parameters which
results in the largest CEC.

For our objective function, we will use the viewpoint of a hypothetical social planner,
inspired by the maximization process used by Gollier (2008). We assume that this
social planner maximizes the sum of the weighted utilities, where the weight factor for a
generation, which enters the labor market at t = x, is assumed to be ∆x. Additionally,
we assume the social planner uses ∆ = 1

1.04(=
1

1+δ
), such that the social planner has

the same time preference as the individuals. The utility, which the social planner will
maximize is defined as

U sp = max
{α,β,γ,ω,p}

[

E0

(

∞
∑

x=0

∆x
T−1
∑

t=0

u(ct+x)(1 + δ)−t

)]

(2.27)

The CEC of the future cohorts from the viewpoint of the social planner, CECsp,
will be calculated as follows7

CECsp = ((1−∆)(1− ρ)U sp)
1

1−ρ (2.28)

We will also consider the certainty equivalent consumption of the new entry cohort,
CECentry, which is the generation with the age of 25 at t = 0 and therefore enters the
labor market at t = 0. This CEC is calculated using the following formula

T−1
∑

t=0

(1 + δ)−t (CECentry)1−ρ

1− ρ
= E0

(

T−1
∑

t=0

(1 + δ)−tu(ct)

)

(2.29)

All baseline assumptions of the model are summarized in Appendix B. In the ro-
bustness checks we will also analyze the results for different values for some of these
parameters.

7 We use
∑

∞

x=0
∆x = 1

1−∆
in order to derive Equation 2.28 from Usp =

∑

∞

x=0
u(CECsp)∆x.



3. EVALUATION OF THE DESIGNS

In this chapter, we evaluate the performance of the individual and the collective models.
In Section 3.1, we discuss the results of the optimal individual model. Section 3.2 ana-
lyzes the results obtained from the optimal collective scheme for both taxation settings.
Finally, Section 3.3 studies the results obtained from different settings by fixing one of
the policies.

3.1 Evaluation optimal individual model

In the top panel of Figure 3.1, the 5%, 50% and 95% percentiles of the wealth dynamics
are shown, which are obtained from our simulations and the optimal consumptions
and investments. We observe an increasing pattern of the wealth during the working
period. At the age of 65, we can see a sharp decline of the wealth patterns, because the
individuals will retire at this age. We have assumed the consumption level is always
positive and does not exceed the wealth level. The middle panel of Figure 3.1 shows the
percentiles of the consumption dynamics during an individual’s lifetime. As with the
wealth pattern, we observe a decline of the consumption at the retirement age, because
of a lower income level. The consumption level for older ages are more uncertain,
than earlier in the lifetime. The bottom panel of Figure 3.1 shows the percentiles of
the asset portfolio. In the beginning of ones life, it is optimal to invest everything in
the risky-asset and, thereafter, the optimal fraction declines. During retirement, we
find an optimal risky asset allocation around 20%. This result is in accordance with
the consensus of optimal life cycle planning theories. These theories imply that it is
optimal to hold a more risky portfolio when young, because younger individuals have
more human capital to recover from negative investment returns. Older people, on the
other hand, have less human capital and, therefore, are less able to recover from negative
shocks. Hence, retirees will hold a less risky asset portfolio (see for example Campbell
and Viceira (2001) and Bodie et al. (2007)).

The main advantage of the individual model is its flexibility. Both the consumption
level and the fraction in risky assets can be adjusted according to someone’s wealth
level, in order to maximize the expected utility. However, we have observed that the
consumption level has a low uncertainty in the beginning of one’s life and is more
uncertain for older ages. A collective scheme, on the other hand, is less flexible, but
could be structured such that risks are shared among generations, which might be
welfare improving. We will compare the welfare of the individual model with the welfare
of different collective schemes, by evaluating the certainty equivalent consumptions. In
our baseline case, we obtained from our simulations and Equation (2.9) that CECOI
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Fig. 3.1: Percentiles of the wealth, consumption and investment dynamics of the optimal indi-
vidual scheme.

equals 83.10% of an annual salary. Hence, an individual would ex ante be equally
satisfied with the welfare obtained from the optimal individual model as with a fixed
annual income equal to 83.10%, which is solely used for consumption. We will use this
level of CEC as the benchmark level of welfare.

Table 3.1 provides CEC’s of the optimal individual model for other values than our
baseline assumptions as well. The stock market is more attractive, when the risky asset
is less volatile or has a higher equity premium. Therefore, we observe a higher CEC,
when the stock market is more attractive (µ ↑ or σE ↓). If the individual has a lower
risk aversion (ρ) or a lower time preference (δ), then this person benefits more from
saving and taking risks in order to get a higher income in a later period in time. Hence,
we observe more welfare from the optimal individual scheme, when the risk aversion
or time preference is lower. If the retirement age increases (R becomes higher), an
individual would obtain more income and, hence, more welfare. If the lifetime increases
(T becomes higher), an individual would spread the income from savings over a longer
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Tab. 3.1: Certainty equivalent consumptions (CEC) of the optimal individual scheme

(in %)

µ 4 5 6
CECOI 81.40 83.10 84.91

σE 10 15 20
CECOI 84.74 83.10 81.55

ρ 3 5 8
CECOI 83.71 83.10 82.28

δ 2 4
CECOI 83.26 83.10

T , R 55, 40 55, 45 62, 40 62, 45
CECOI 83.10 89.67 77.22 84.03

ζ 0 10 20 30
CECOI 86.82 85.00 83.10 81.16

λ 80 90 100
CECOI 82.28 83.10 83.81

period and, therefore, obtain a lower welfare. A higher social security results in a
lower welfare, because the implied returns from personal savings are higher than the
returns from the tax payments (i.e. the social security). As expected, people get a
higher expected utility, if the employment rate increases, which is shown in the last row
of Table 3.1. These results will be discussed in more detail in the robustness checks
(chapter 4) together with the results of the collective schemes.

3.2 Evaluation optimal collective model

The first column of Table 3.2 reports the optimal designs of the collective model for the
setting without and with the EET policy, under our baseline assumptions as described
in chapter 2.

The risk absorbing coefficients of the pension fund (α, β) are quite small in the
optimal design of both settings. Each year, almost 4% of the fund surplus is diverted
to the pension benefits and the contributions. Especially the contribution rate is used
as a tool to restrain the surplus of the fund.

For the tax rate, the risk absorbing coefficients are higher in the optimal designs,
so that there is less smoothing. Without EET, more than one-third (γ = 35.6%) of
the government debt in excess of the target debt is diverted to the tax rates, while in
the setting with EET this is only one-ninth (γ = 11.4%). Hence, the government plays
a more important role with respect to IRS in the optimal design with the EET policy
in place, because of a higher degree of smoothing (i.e. about three times more), than
without the EET policy.
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Tab. 3.2: Optimal designs collective scheme

optimal FT TDB CDC
(in %) design (γ = 0) (β = 0) (α = 0)

Without EET

α 3.1 3.1 3.7 -
β 0.7 0.7 - 2.5
γ 35.6 - 39.6 22.7
ω 100.0 100.0 100.0 71.0
p 11.4 11.4 12.7 8.5

CECentry 82.52 82.52 81.48 80.47
CECsp 87.11 87.08 86.08 81.33

With EET

α 3.2 3.1 3.7 -
β 0.7 0.7 - 2.6
γ 11.4 - 12.1 100.0
ω 100.0 100.0 100.0 80.1
p 12.8 12.8 14.1 9.8

CECentry 83.39 83.21 82.43 81.27
CECsp 88.29 87.74 87.34 82.48

Since the social planner can set the parameters such that the generations mutually
share their equity risks in an optimal way, we could expect a high fraction of investments
in the risky asset. In both taxation settings we see that a 100% risky asset allocation
is optimal, which shows that IRS makes a risky portfolio attractive.

We also find that the tax policy has a significant impact on the optimal target
contribution. As expected, the optimal target contribution is higher under the EET
setting, because the retirement benefits will be reduced by tax. The target benefit
received from the fund without EET for p = 11.4% is equal to 53.59%. The target
benefit reduced by the target tax under the EET setting for p = 12.8% is equal to
55.00%,8 which is higher than the target benefit in the optimal design without EET.
The actual benefit level depends on the fund surplus for both tax policies. Under the
EET setting, also the tax rate determines the level of retirement benefit, which results
in more uncertain retirement income.

The funding ratio of the pension fund increases in expectation, whereas the target
contribution is based on the risk-free interest rate and not on the expected return on
investments. Therefore, future cohorts have a higher expected utility. The optimization
process is performed according to the social planner, who takes the utility levels of future
cohorts into account. However, a weight factor is used to attach more importance to the
short-term. Without the EET policy, the new entry cohort obtains a CEC of 82.52%

8 b(1− τ) = 0.6017(1− 0.0860) = 55.00%
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from the optimal design of the social planner, which is lower than the CEC obtained
from the optimal individual model (CECOI = 83.10%). The CEC of the social planner
equals 87.11%, which is higher than CECOI . The CEC’s of the new entry cohort until
100 and 1000 cohorts in future are shown in Figure 3.2. In practice, pension funds
and governments do not have a planning horizon of 1000 years ahead. If we consider
the welfare from the optimal design of a shorter horizon (i.e. the entry cohort until 100
generations ahead: panels (a) and (c)), we observe a sharp increasing welfare. Thereafter
(panels (b) and (d)), the increase gets less steep. If the social planner would be able to
replace this increasing pattern of CEC’s by an annuity with discount rate δ (recall the
social planner uses ∆ = 1

1+δ
), than we obtain an annuity with annual payments equal

to CECsp. Hence, if we are able to shift wealth from the future back into time, then
each generation will obtain a higher expected utility from the collective scheme without
EET, than the optimal individual scheme. This conclusion emphasizes the potential
value of a collective scheme.

If we consider the EET policy, then even the entry cohort receives a higher CEC,
namely 83.39%, than the optimal individual scheme. This result strengthens the impor-
tance of a collective scheme even more. Also the CECsp, which equals 88.29%, is higher
than the setting without EET and also here we can see that the CEC is increasing in
time, as shown in panels (c) and (d) of Figure 3.2 (the thick solid line). Hence, the
exempt-exempt-tax policy results in a higher expected utility, in case the pension fund
and the government manage to develop a well-structured design.

3.3 Evaluation specific settings

In the optimal design the risk absorbing coefficient of the government debt through
the tax rate γ equals 35.6% and 11.4% for the setting without and with EET, respec-
tively. This would be the tax policy, if the government maximizes the welfare of the
participants. We also investigate a setting in which the government does not develop
a tax policy to improve the welfare, but only adjusts the tax rate for excessive debt
levels (Dt < 0 or Dt > 40) and maintains a fixed tax for debt levels between 0 and
40. We consider this as the fixed tax (FT) scheme, which is equivalent to setting the
risk absorbing coefficient γ = 0 in the model. In the second column of Table 3.2, the
optimal FT design is shown. Setting γ equal to zero results in more smoothing of shocks
of the government debt via the tax rate. However, the risk absorbing coefficients of the
pension fund do not change much. We only observe a very small decline of absorbing
risks through the contributions (a decrease in α of only 0.1 percentage point). The
optimal asset allocation and target contribution in this fixed tax setting are equal to
the optimal design. We conclude that fixing the tax rate has barely any impact on the
optimal policy of the pension fund. However, we can observe a decrease of the utility,
as the CEC’s are lower than in the optimal design.

So far, we have seen that it is optimal to have a risk absorbing coefficient of the fund
surplus through the benefit rate (β) equal to 0.7%. This β is quite small and results in
retirement benefits with a low volatility. In a traditional defined benefit (TDB) pension
plan, the retirement benefits have no volatility at all, which is equivalent to β = 0.
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(a) Without EET: 100 generations (b) Without EET: 1000 generations

(c) With EET: 100 generations (d) With EET: 1000 generations

Fig. 3.2: Certainty equivalent consumption (CEC) of future cohorts for the settings without
and with the exempt-exempt-tax (EET) policy.

The third column of Table 3.2 shows the optimal design, after fixing the benefits for all
retirees. From the decrease of absorbing risk through the benefits, we now observe an
increase of absorbing risks through the contributions, as α equals 3.7% in the optimal
TDB design of both taxation settings. The optimal risk absorbing coefficient through
tax also increases. A TDB pension scheme is considered to contain a high degree of IRS,
because working generations absorb the risks, while the retiree cohorts obtain a fixed
retirement income. When the current employees are older and obtain retirement income,
the risks are absorbed by the new working generations. This feature continues as long
as the pension system survives. As the risk absorbing coefficient of the government debt
is larger in the optimal TDB scheme, we can conclude that the need for IRS through
the government debt is lower in the TDB scheme, than in the optimal design. Still,
the optimal fraction invested in the risky asset equals 100%, but this will not lead to
a higher expected retirement benefit, because the benefits are fixed. Therefore, the
investment portfolio is solely used to obtain a lower expected contribution rate than the
target contribution. In order to get higher benefits, just as in the optimal design, we
observe an increase of the optimal target contribution. The CEC’s are lower than the
optimal design and the FT design, due to the fixed benefit level. For the entry cohort in
the EET setting, the CEC is even lower than the optimal individual model. However,



3. Evaluation of the Designs 23

if we consider the social planner’s CEC, the traditional defined benefit scheme still
outperforms the optimal individual scheme.

The counterpart of the TDB plan is the collective defined contribution (CDC) pen-
sion scheme, where the contribution rate is fixed and the shocks of the fund surplus
are only absorbed by the retirement benefits. We investigate the optimal CDC design,
by choosing α equal to zero. The optimal designs, after fixing the contribution rates,
are shown in the last column of Table 3.2. As absorbing risk through the contributions
no longer exists, we observe an increase of absorbing risks through the benefits, as β
increases almost 2 percentage points in both taxation settings. The effect of the risk
absorbing coefficient of the government debt, as a result of introducing a fixed contri-
bution rate, is ambiguous. In the setting without EET, we observe a lower γ in the
optimal CDC scheme, than in the optimal design, therefore, fixing the contribution rate
increases the need for IRS through the government debt. However, if we consider the
EET policy, it is optimal in the CDC scheme to share no risks at all through the gov-
ernment debt (γ = 100.0%). This can be interpreted as a tax policy, in which the tax
rates are adjusted, such that the government debt will always be restored to the target
debt level. Hence, there is a large difference between the optimal intergenerational risk-
sharing policies of the government in the setting with and without EET, given that the
pension fund uses a fixed contribution rate.

So far, we have seen that it is optimal to invest all assets in the risky asset, because
of its higher expected rate of return, but this is no longer the case in the optimal CDC
plan. Here, we observe an optimal fraction of 71.0% and 80.1% in the risky assets for
the setting without and with EET, respectively. This means that risky investments be-
come less attractive, when the contribution rate is fixed and investment risks are solely
absorbed via the retirement benefit. This fixed contribution is lower than the target
contribution of the optimal design. The reason for this could be that the retirement
benefit is stronger correlated with the fund surplus, which is positive in expectation.
Therefore, people need to accumulate a lower amount of pension contributions. How-
ever, the CEC’s are lower in this CDC scheme, than the schemes we have seen so far.
Even the social planner is not able to obtain a higher CEC from the CDC scheme
with and without EET, than the optimal individual scheme. From these findings we
can conclude that welfare worsens when a fixed contribution rate within the collective
pension scheme is introduced.

In Figure 3.2, the CEC’s of the new entry cohort until 100 and 1000 cohorts in future
are shown for the different specific settings. As mentioned in Section 3.2, pension funds
and governments do not have such a long planning horizon. Therefore, we consider
first a shorter horizon (i.e. the first hundred cohorts after the entry cohort: panels
(a) and (c)). For the setting with and without EET, we observe that there is not a
large difference between the optimal design, the fixed tax design and the traditional
defined benefit scheme. For these settings, the entry cohorts obtain approximately the
same CEC as from the optimal individual scheme and, thereafter, the welfare sharply
increases. The CDC scheme has a more clear difference, because its increase is less
steep than in the optimal design, FT scheme and TDB scheme. For the setting without
and with EET it takes almost 100 years and almost 40 years after the entry cohort,
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respectively, until the CEC gets larger than CECOI , while for the other schemes, this
already occurs within 8 years.

If we consider a longer horizon (panels (b) and (d) of Figure 3.2), we observe that
after hundred years, the optimal design outperforms the TDB scheme. The FT scheme
is ambiguous, as the CEC is lower in the setting without EET for all generations, but
with the EET policy, it outperforms the optimal design after 400 years. However, the
planning horizon of pension funds and governments is not such long in practice and
also the weighting factor used by the social planner within our model is extremely low
for cohorts more than 400 years ahead.9 The welfare from the CDC scheme without
EET converges to a slightly higher level than the welfare from the optimal individual
scheme, which is significantly lower than the welfare from the other schemes. In the
setting with EET, the CEC from the CDC scheme converges to a higher level, but is
still significantly lower than the other schemes. Hence, again we observe a downturn of
the welfare from introducing the fixed contribution rate of the CDC plan, because both
the short term and the long term welfare of the CDC scheme are substantially lower
than the welfare from our other collective schemes.

This observation is important, as the Dutch social partners (labor unions and em-
ployer organizations) were looking for a contract with a fixed contribution rate, in order
to protect the working cohorts and sponsoring firms. The additional CEC obtained
from the optimal design, compared to the CDC scheme, is equivalent to more than
130% of an annual salary. Hence, this fixed contribution rate might be a welfare im-
provement for the current employees, but results in a significant welfare loss for future
cohorts. In chapter 6, we discuss the Dutch pension system in more detail.

9 Recall that the social planner uses weighting factors to value the welfare of the generations. The
weighting factor for the welfare of a generation x years after the entry cohort equals ∆x. Hence, for
cohorts more than 400 years ahead the weighting factor gets already less than ∆400 = ( 1

1.04
)400 ≈

1.537 ∗ 10−7.



4. ROBUSTNESS CHECKS

In this chapter we discuss the robustness of the results to check whether some of our
conclusions still hold under different assumptions. The tables with results are provided
in Appendix C. Since we focus on intergenerational risk-sharing, we do not consider
heterogeneous preferences among individuals. Although we do not elaborate on this
feature, the collective scheme becomes less attractive than the individual scheme, when
individuals’ preferences deviate more. For our results, we investigate IRS, assuming that
the individuals have consensus about their preferences, within and among generations.

4.1 Stock dynamics

So far, we have considered an equity premium of 3%(= µ−r∗) and a volatility of 15%(=
σE). Since we consider the equity return as the main risk of the retirement benefit, it
is important to investigate the results from different equity premia and volatilities as
well.

When the equity premium becomes higher, absorbing shocks of the funding ratio
will need more adjustments through contributions and less trough benefits. Hence, in
favorable economic periods, smoothing through the benefit rate becomes more attractive
than through contributions. When the volatility of the risky asset is assumed to be
higher, the optimal design asks for more smoothing through the contributions and less
through the benefits. The need for IRS through the government debt increases when
the equity premium is lower and also when the stock volatility is higher. Hence, when
there are unfavorable economic periods, the role of the government with respect to IRS
increases. These effects are unambiguous for the policies with and without EET.

Although the risky asset is a less attractive investment opportunity when the equity
premium is low (µ−r∗ = 2%), the optimal fraction in risky assets is still 100%. When the
volatility of the stock increases (σE = 20%) the optimal fraction in risky assets declines
to approximately 80% for both taxation settings. The optimal target contribution
increases when the stock market is more attractive, therefore, the pension fund plays
a more important role for saving in good economic periods, assuming that individuals
are not able to save outside the fund.

As expected, the certainty equivalent consumption is also higher, when the stock
market is more attractive. However, it is more interesting to study the performance
of the collective fund in excess of the optimal individual scheme. We observe that for
higher equity premia, the CEC of both the entry cohort and the social planner becomes
relatively higher than the optimal individual scheme. If the stock volatility increases,
new entry cohorts obtain relatively more welfare from the collective fund in excess of
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the individual scheme, while the social planner’s expected utility declines. According to
the social planner, the optimal collective scheme with IRS outperforms the individual
scheme even more, when the stock market is attractive. However, for the entry cohort
this only holds for higher equity premia, not for a lower stock volatility.

4.2 Risk aversion and time preference

Up to now, we have considered a constant relative risk aversion of ρ = 5 and a subjective
discount rate of δ = 4%. However, if the consensus of the participants differs, the
optimal designs will also be different. More risk averse individuals prefer a higher
degree of smoothing through the tax rate and the contribution rate and less smoothing
through the benefits. In general, both the pension fund and the government play a more
important role with respect to IRS, when the risk aversion increases. However, saving
through the fund becomes less attractive, since the target contribution declines and in
case of EET, the optimal fraction in assets declines as well, as ω = 98.5% when the risk
aversion ρ = 8. The lower the risk aversion of the individuals, the larger the welfare
gain of the collective scheme in excess of the optimal individual scheme. The latter
is a counterintuitive result, as risk-sharing is more attractive for risk averse people.
However, less risk averse people accept more risk and, therefore, benefit more from IRS
in the collective scheme. Moreover, this result is in accordance with Gollier (2008) and
Cui et al. (2011).

For the subjective discount rate of the individuals (δ) and the social planner (∆),
a lower time preference generally asks for more smoothing of the government debt and
the pension fund. Hence, the need for IRS increases when people place more emphasis
on the welfare in the future, but the impact on the design parameters is rather small. In
case of a lower time preference, the optimal target contribution will be higher, as there
is attached more value to retirement income. The welfare gain of the collective scheme,
compared to the optimal individual scheme, increases when the subjective discount rate
is lower, because retirement income becomes more important and the collective scheme
is in general better capable of saving for retirement.

4.3 Initial funding ratio and government debt

In our analysis we assumed that the pension fund is initially not overfunded or under-
funded. Therefore, the contribution rate and benefit rate are initially equal to its target
rate and shocks in the fund surplus will lead to adjustments of these rates. We also
assumed that the government debt is initially equal to its target debt, such that the tax
rate is equal to the target tax in year t = 0. In this section we analyze the results from
different initial funding ratios and we discuss the results obtained from a larger initial
government debt and a larger target debt level.

The lower the initial funding ratio, the less IRS trough the pension fund is preferred.
In the setting without EET, a lower funding ratio asks for more smoothing of the
government debt, while the opposite is true in the setting with EET. Saving through
the fund is less attractive, if the pension fund is underfunded, hence, the optimal target
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contribution is lower. Even for an initial funding ratio of 80%, the social planner obtains
a higher welfare from the collective scheme than from the optimal individual scheme.
For the entry cohort, this is only the case when the initial funding ratio is at least 110%
without EET and at least 100% with the EET policy. Hence, new entry cohorts prefer
the optimal individual scheme, when pension schemes are underfunded. As a result, the
pension system would collapse in case the new entry cohorts are free to choose between
the individual and the collective scheme, assuming that the social planner is not able
to compensate the welfare differences between the generations. Moreover, this can be
prevented by mandatory participation.

An increase of the initial government debt or the target debt, does not result in a
significant change of the risk absorbing policy of the pension fund, the asset allocation
and the target contribution. Only a change in the risk absorbing policy of the govern-
ment through the tax rate can be observed. When the initial debt is higher, the need
for smoothing is low, but when the target debt is higher, the individuals prefer more
smoothing of the debt through the tax rate. Hence, the optimal degree of intergener-
ational risk-sharing of the government depends on both the debt level and the target
debt.

4.4 Retirement age and longevity

We have considered a population, where each generation works for 40 years and live
for 15 years after retirement. In the long run, people are getting older and older. As
we study the welfare of future cohorts, it is important to also investigate the optimal
designs from a setting in which people live longer. Furthermore, the retirement age of
people might increase in the long term as well, as a consequence of longevity. Hence, in
this section we study the results from a higher retirement age and a longer lifetime.

Changes in retirement age or life expectancy have only minor effects on the total
amount of absorbing shocks of the fund surplus, as α plus β is approximately 4% for
different lengths of life T and working periods R. However, the way of absorbing does
change, since the increase of the retirement age asks for less smoothing through the
contributions and more smoothing through the benefits. The increase of the people’s
lifetime results in the opposite effect. If we increase the lifetime and the retirement
age, such that the working-retirement-ratio remains about equal,10 we observe almost
no change in the risk policy of the pension fund and the asset allocation. Only the
target contribution and the risk absorbing coefficient of the government debt show a
deviation. The target contribution declines, because the pension fund gets relatively
less important, compared to the social security of the government. The optimal degree
of IRS through the government debt increases and this effect is more significant in the
setting without the EET policy. Generally spoken, the government thus plays a more
important role with respect to IRS, when both the retirement age and lifetime of the

10 Our baseline ratio is R
T−R

= 40/15. An increase of the retirement age by 5 years is compensated
by an increase of lifetime by 6.875 years, in order to obtain the same ratio. Since our model is based
on annual calculations, we will round this number up to 7 years.
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participants increase. Furthermore, the welfare gain of the collective scheme compared
to the optimal individual scheme becomes larger as well.

4.5 Employment rate and social security

In this section we discuss the robustness of the employment rate and the social security
level. Since the changes in the designs are only small, we can conclude that in general
the model is quite robust under conditions of changes in employment rate and social
security.

In the EET setting, the model is extremely robust with changes in the employment
rate, because the entire optimal design (α, β, γ, ω, p) is the same for employment rates of
80%, 90% and 100%. We only observe a change in welfare. As expected, the welfare is
positively correlated with the employment rate. Hence, the highest welfare is observed
(CECsp = 89.06%) when there is full employment (λ = 100%).

For the setting without EET, only the risk absorbing coefficient of the government
debt is lower, if the employment rate is lower. For the welfare gains of the collective
scheme in excess of the optimal individual scheme, the differences are small as well.

A decrease in the social security results in slightly more smoothing through the
contributions and slightly less through the benefits for both tax policies. For the risk
absorbing coefficient of the government debt, the result is ambiguous. The setting
without EET ask for more smoothing when the social security is high, while the setting
with EET requires less smoothing through the tax. Although the social security ensures
a certain level of wealth after retirement, it is an unattractive arrangement for the
employed participants, because the employed people pay tax for social security of not
only the former employed, but also the former unemployed. The largest welfare is
obtained from the setting with no social security at all (ζ = 0%), as the corresponding
CECsp for both tax policies is higher than 92%.



5. COHORT SPECIFIC OPTIMIZATION

In this chapter we consider welfare maximization, when policymakers have a short hori-
zon, unlike the hypothetical social planner considered before. Therefore, we maximize
the utility from the perspective of specific cohorts. Again, the optimal solution is ob-
tained by simulating 105 scenarios of the risky asset and the stochastic interest rate and
we get the optimal design, by selecting the combination of parameters which results
in the largest CEC. Section 5.1 explains the optimization process for the specific co-
horts. Section 5.2 evaluates the results obtained from the optimization of three specific
cohorts.

5.1 Optimization and certainty equivalent consumption

In order to maximize the expected utility of a specific cohort, we choose the target
contribution rate (p), the risk-absorbing policies (α, β, γ) and the asset allocation of the
pension fund (ω). The utility level of a cohort is denoted by U . Then, our objective
function for a generation with the age of x(≥ 25) at t = 0 becomes

U = max
{α,β,γ,ω,p}

[

E0

( T−1−(25−x)
∑

t=0

(1 + δ)−tu(ct+(x−25))

)]

(5.1)

subject to the asset dynamics of the pension fund (2.12), the interest rate dynamics
(2.16) and the dynamics of the government debt (2.19) or (2.24), for the setting without
and with EET, respectively. The definition of the consumption level ct also depends on
the setting (with or without EET).

We consider three specific cohorts:
(i) The cohort with the age of x = 25 at t = 0, which refers to the new entry cohort
(entry), as this generation enters the labor market at t = 0.
(ii) The cohort with the age of x = 57 at t = 0, which refers to the average cohort
(avg). This is the average age of the fund, weighted with respect to the liabilities of
each generation. This generation has worked and paid contributions to the pension fund
for 32 years and will enter retirement after 8 more years of working (at t = 8).
(iii) The cohort with the age of x = 65 at t = 0, which refers to the retiree cohort (ret).
This generation has worked and paid contributions to the fund for 40 years and thus
will retire at t = 0.
In order to compare our results we calculate the CEC of the specific cohorts, according
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to the following formula

U =

T−1−(25−x)
∑

t=0

u(CEC)(1 + δ)−t (5.2)

5.2 Evaluation of the cohort specific optimization

The optimal designs of the three specific cohorts for both taxation policies are shown in
Table 5.1. When the policymaker’s objective is to maximize the expected utility of the
entry cohort, the policymaker does not take the welfare of future cohorts into account.
We have seen in Table 3.2 that in the social planner’s optimal design β equals 0.7%
and α is a little higher than 3%. For the new entry cohort, the optimal risk absorbing
coefficients of the pension fund are both at least one percentage point higher. Hence, in
the optimal design of the new entry cohort, less smoothing through the pension fund is
preferred and thus we conclude that a less future-oriented policymaker prefers a lower
degree of IRS through the fund.

In the setting without EET, the entry cohort prefers a fixed tax rate, as γ equals
zero, while in the social planner’s optimal design γ = 35.6%. In the setting with EET, it
is optimal for the entry cohort to have less smoothing through the tax than in the social
planner’s design, as the entry cohort prefers γ = 16.2%, while according to the social
planner it is optimal to have γ = 11.4%. Hence, it depends on the tax policy, whether
the degree of IRS through the government debt increases, if the optimization perspective
changes from social planner to the entry cohort. The optimal asset allocation is 100%
in risky assets, similar to the social planner’s design. Because of a higher degree of
absorbing shocks of the fund surplus, the target contributions are lower.

We also consider the average cohort’s optimal design. This generation prefers more
smoothing through the contribution rate and less smoothing through the benefits, com-
pared to the entry cohort. The optimal degree of absorbing shocks of the government
debt is the same in the setting without EET and higher in the setting with EET. The
optimal fraction in risky assets declines to 88.4% and 83.9% in the setting without and
with EET, respectively, because older people prefer a less risky investment portfolio.
We do not consider the optimal target contribution, because this generation has to pay
contributions for only 8 more years and thus prefers an unrealistically high target con-
tribution. Hence, for both the average and the retiree cohort, we use the same value as
the optimal target contribution of the entry cohort.

If we move from the optimal design of the average cohort to the retiree’s optimal
design, we observe the same IRS effects as when we move from the entry’s design to
the average design. Hence, we can conclude that when people get older, they prefer
less risk absorbing through contributions and more through benefits. This result is
counterintuitive, because it will lead to more risky retirement benefits and less volatile
contribution rates. In other words, older generations prefer less IRS through the pension
fund and, in the EET setting, they also prefer less IRS through the government debt.
However, this effect can be explained by the fact that older generations will stay in the
system for a shorter time period and, therefore, benefit less from the IRS arrangements.
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Tab. 5.1: Cohort specific optimal designs

(in %) without EET with EET

maximized for U entry Uavg U ret U entry Uavg U ret

α 4.3 3.6 0.0 4.3 3.7 0.1
β 1.7 2.4 3.0 1.7 2.5 2.9
γ 0.0 0.0 - 16.2 47.6 100.0
ω 100.0 88.4 59.9 100.0 83.9 60.9
p 10.5 - - 11.7 - -

CECentry 82.92 82.61 80.27 83.78 83.39 81.22
CECavg 70.73 70.79 70.65 84.95 85.01 84.83
CECret 70.95 70.97 71.03 71.86 71.88 71.93
CECsp 86.34 85.56 80.66 87.58 86.48 82.25

Again, we observe that the optimal fraction in assets declines when getting older, as the
retiree’s optimal risky asset allocation is about 60% for both tax settings. This result is
in accordance with the optimal life cycle planning theories, as discussed in Section 3.1.

The welfare loss for the entry cohort by using the optimal design of the retiree co-
hort, in stead of their own optimal design, is 2.65%(=82.92%-80.27%) without EET and
2.56%(=83.78%-81.22%) with EET. The other way around, the welfare loss is less sub-
stantial, namely 0.08%(=71.03%-70.95%) without EET and 0.07%(=71.93%-71.86%)
with EET. The average cohort would also obtain small welfare losses, as their optimal
design is in between the other two designs.

Implementing the optimal design of a specific cohort, instead of the social planner’s
optimal design, the welfare loss of the social planner can be quite substantial. The entry,
average and retiree cohort’s design, results in a welfare loss of the social planner of almost
1%, more than 1.5% and more than 6%, respectively. Furthermore, from the retiree
cohort’s design, even the social planner will not obtain a higher CEC than the optimal
individual scheme, because CECsp = 80.66% without EET and CECsp = 82.25% with
EET in the retiree’s optimal design, which are both smaller than CECOI = 83.10%.
Hence, we can conclude that when policymakers have a short horizon and thus optimize
welfare for current cohorts, the future generations will be faced with a substantial lower
welfare. This conclusion is confirmed by the graphs in Figure 5.1, where the certainty
equivalent consumptions for future generations are shown, for both 100 and 1000 years
ahead (panel (a) and (b), respectively). In panel (a) of Figure 5.1, we do not observe
large differences in the welfare of the first 30 generations after the entry cohort, except
the welfare from the retiree’s optimal design, which is significantly lower. For later
generations after the first 30 generations, we do observe large differences between the
welfare levels from the different designs. We observe one exception in panel (b) of this
figure. Here we see that for the setting with EET, generations obtain more welfare
from the optimal design of the retiree cohort than the average or entry cohort after
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400 years. This might be caused by a stable government debt (as γ = 100%), which is
attractive for future generations. As expected, the largest welfare for future generations
is obtained from the social planner’s optimal design, followed by the entry cohort’s,
the average cohort’s and, finally, the retiree cohort’s optimal design. In both panels of
Figure 5.1, we also observe that for corresponding optimization perspectives the setting
with EET always outperforms the setting without EET. Hence, both current and future
generations obtain a higher welfare from the setting with EET than the setting without
EET, irrespective of the optimization perspective.

(a) 100 generations (b) 1000 generations

Fig. 5.1: Certainty equivalent consumption (CEC) of future cohorts for the settings without and
with the exempt-exempt-tax (EET) policy, and for different optimization perspectives.



6. DUTCH PENSION SYSTEM REDESIGN

In this chapter, we study the recent Dutch pension system redesign on IRS. In Section
6.1 we discuss the second pillar of the Dutch pension system and the introduction of
the current pension agreement. Section 6.2 introduces a stylized version of the Dutch
indexation ladder. Section 6.3 compares the optimal designs from our different index-
ation ladders. Section 6.4 evaluates the effects on the welfare and IRS through the
government debt, as a result of the Dutch pension system redesign. In Section 6.5, we
study the robustness by considering an alternative initial funding ratio and retirement
age, corresponding to the recent Dutch developments.

6.1 Dutch pension system

Globally, most pension plans have moved from DB to DC, as a consequence of the
low stock returns and interest rates at the beginning of the 21st century. DC-like
pension schemes are less vulnerable to negative economic shocks, because of the low
level of guarantees. In contrast, the Dutch pension funds switched from final salary

to average wage schemes, as a reaction to the stock market crash, and maintained
some DB elements, as it guaranteed benefits over the accrued pension rights. These
guarantees provided a minimal annual benefit in nominal terms from retirement until
death. Therefore, the Dutch pension scheme had to be regarded as a hybrid DB-DC
scheme. The DB elements are in the sense that pension rights are accrued, according to
ones wage level and years of service, and the contribution rate is related to the funding
ratio of the pension fund. The indexation policy has been related to the funding ratio
as well. Hence, the pension benefits are subject to the fund’s investment performance,
which indicates the DC type of the Dutch pension scheme.11

After the economic crisis of 2008, the Dutch pension funds are under pressure from
low stock market developments, low interest rates and the aging population. Moreover,
the average funding ratio of the Dutch pension funds has even fallen below 100% since
the year 2011 (DNB Statistical News Release, 15 December 2011).

In 2010, two committees released a report: the ’Commissie Goudswaard’ and ’Com-
missie Frijns’. Both committees argue that the pension system needs to be revised to
sustain the pension funds of the Dutch second pillar (Goudswaard et al. (2010) and Fri-
jns et al. (2010)) and from that moment on the discussion about a new pension contract
was conducted. The social partners were looking for a contract with stable contribution

11 This description of the evolution of Dutch pension funds is obtained from Ponds and van Riel (2007),
who provided a more detailed discussion about the developments within the Dutch pension system in
the beginning of the 21st century.
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rates to protect the working cohorts for not paying excessive premia needed for reducing
the deficit of a pension fund. As a consequence, the funding ratios need to be recovered
by larger benefit cuts, to make the pension funds less vulnerable to periods with low
equity returns (Ambachtsheer (2011)).

In the year 2011, the new Dutch pension agreement is introduced and, hence, a
pension system redesign in the Netherlands is recently the case.12 The new contract
includes a fixed contribution rate and a limited recovery period for the funding deficit.
Bovenberg et al. (2012b) describe an interpretation of the pension rights and its su-
pervision, in which they recommend a period of spreading shocks with a maximum of
10 years. Bovenberg et al. (2012a) also provide specific recommendations for the de-
termination of the discount curve, where they assume a maximum recovery period of
10 years as the base. Hence, the working cohorts will pay a fixed pension contribution,
while the retiree cohorts will absorb more risks, because the smoothing period of shocks
is reduced, which results in a lower degree of IRS via the pension fund. In our model,
a fixed contribution rate is interpreted by setting α equal to zero, while the maximized
recovery period is interpreted by a sufficiently high level for β. Furthermore, due to
the EET system in the Netherlands, the Dutch government debt is more volatile, if
the pension benefits absorb more risks, which might result in a higher degree of IRS
through the government debt.

In Section 6.2, we add constraints to our model to reproduce the Dutch indexa-
tion policy. In sections 6.3 and 6.4, we evaluate different pension system designs with
the Dutch indexation ladder. First, we compare the optimal design with the Dutch
indexation ladder to the one with linear indexation (Table 3.2). Second, we discuss
the collective defined contribution (CDC) scheme without a maximum smoothing pe-
riod through the benefits. Third, we evaluate the welfare of three different pension
agreements (PA’s), where the contribution rates are fixed and the smoothing period of
shocks through the benefits are spread over a period of 10 years, 5 years and 1 year
(PA1: β = 10%, PA2: β = 20% and PA3: β = 100%, respectively). Besides, we
will investigate the need for IRS through the government debt within these pension
contracts.

6.2 Dutch indexation ladder

So far, we assumed that in our model the pension fund uses a linear indexation policy,
without any limits. In the Netherlands, pension funds use conditional indexation lad-
ders, such that no more than full indexation is granted in case of a large fund surplus
and a higher benefit reduction is carried out in case of a large fund deficit. In the
Netherlands, there also is a conditional indexation policy for the contribution rate. A
detailed discussion of the conditional indexation policies of the Dutch pension system
is provided by Bikker and Vlaar (2007).

In this chapter, we consider two additional limitations on the indexation policy

12 Letter from the Minister of Social Affairs and Employment to the chairman of the Tweede Kamer

on het Pensioenakkoord, 2011 (reference: ASEA/SAS/2011/16480).
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within our model, to reproduce a stylized version of the Dutch indexation ladder. First,
we assume the contribution rate is capped between 0% and 25% (pt ∈ [0, 25]%). Second,
we define the benefits, such that it will not exceed one annual salary (bt ≤ 100%) and
larger benefit cuts are carried out by the fund in case the funding ratio falls below
80% (FRt = At/L ≥ 80%). Figure 6.1 presents a graphical illustration of the linear
indexation ladder without limits (dotted line) and the Dutch indexation ladder (solid
line). The linear indexation ladder shows a constant slope for each level of the funding
ratio, while for the Dutch indexation ladder, the discount curve of the contribution
rate is flat for excessive funding ratios. For high funding ratios, the benefit level is flat
within the Dutch scheme, such that it does not exceed an annual salary. Furthermore,
the benefit level sharply declines, when the funding ratio falls below 80% to reduce the
vulnerability of the pension fund.

Fig. 6.1: Illustration of the Dutch indexation ladder for contributions and benefits.

6.3 Evaluation optimal design with Dutch indexation ladder

We have seen that the optimal risk absorbing coefficients through the pension fund with
linear indexation (Table 3.2) are such that α is slightly higher than 3% and β equals
0.7%. The first column of Table 6.1 shows the optimal design, obtained from the model
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Tab. 6.1: Optimal designs collective scheme: the Dutch case.

optimal CDC PA1 PA2 PA3

design (α = 0) (α = 0) (α = 0) (α = 0)
(in %) (β = 10%) (β = 20%) (β = 100%)

Without EET

α 6.8 - - - -
β 0.0 2.6 - - -
γ 32.0 22.1 21.9 21.7 21.5
ω 27.0 21.8 23.6 16.6 1.8
p 12.1 9.6 10.0 10.4 10.8

CECentry 79.93 79.50 79.52 78.99 78.53
CECsp 81.36 80.08 79.57 79.02 78.54

With EET

α 6.8 - - - -
β 0.1 2.6 - - -
γ 8.6 25.0 7.5 6.0 6.1
ω 27.1 21.8 23.7 18.8 2.1
p 13.7 10.8 11.3 11.7 12.1

CECentry 80.79 80.20 80.25 79.71 79.18
CECsp 82.39 80.86 80.43 79.84 79.21

with the Dutch indexation ladder. In the optimal design using the Dutch indexation
policy α = 6.8% for both tax settings and β equals 0.0% and 0.1% in the setting without
and with EET, respectively. Hence, for both tax settings, we observe a higher degree of
absorbing risks through the contribution and a lower degree through the benefit and,
therefore, risks are shifted from retirees to employees, which results in more IRS. The
risk absorbing coefficient of the government debt is about three percentage points lower
in the optimal design with the Dutch indexation ladder, than in the optimal design of
the linear indexation policy. Hence, when using the Dutch indexation ladder, it is also
optimal to have a higher degree of IRS through the government debt.

In Section 3.2, we have seen that a 100% risky asset allocation is optimal. Here,
we have limitations on the indexation policy, according to the Dutch indexation ladder.
We observe an optimal fraction invested in the risky asset of ω = 27.0% in the setting
without EET and ω = 27.1% in the setting with EET, which shows that risky invest-
ments are less attractive, if the limitations within the Dutch indexation ladder are used.
This is a substantial lower equity allocation than we have seen in the optimal designs
with linear indexation. Bikker et al. (2012) report that the average equity allocation
of the Dutch pension funds has been between 33% and 38%. Hence, the optimal asset
allocation of our optimal design is at most 11% lower than the average asset allocation
of the Dutch pension funds, which is not a large difference. Due to the low risky asset



6. Dutch Pension System Redesign 37

allocation, the expected retirement benefit is low as well. This is compensated by a
higher target contribution than in the optimal design with linear indexation.

Due to a less efficient way of risk-sharing, the welfare from the optimal design
of the Dutch indexation ladder does not outperform the optimal individual scheme
(CECOI = 83.10%). Hence, the limitations on the indexation policy result in a welfare
loss for the participants.

6.4 Evaluation Dutch pension system redesign

We study the optimal designs of the fixed contribution collective pension schemes, which
are shown in the last four columns of Table 6.1. First, the scheme without a maximum
smoothing period through the benefits is considered (the CDC scheme) and then the
different recovery periods through the retirement benefits are considered (PA1, PA2

and PA3).
It is optimal to absorb more risks through the benefit, if we introduce a fixed con-

tribution (CDC scheme), because β increases from to 2.6% in both tax settings, when
fixing α to zero. In the setting without EET, a higher degree of IRS is preferred, as γ
declines to 22.1%. However, a lower degree of IRS through the government is preferred
in the EET setting, because γ increases to 25.0%. Hence, within the Dutch setting
with EET, an optimal CDC scheme needs less IRS through both the government debt
and the pension fund than in the optimal design without fixed contributions, but more
IRS would be needed, in case of no EET. The optimal investment portfolio gets less
risky (ω = 21.8%) for both tax policies. The target contributions are lower in the CDC
scheme, than in the optimal scheme as well, which results in lower expected retirement
income, but also a higher consumption level before retirement.

The risk absorbing coefficient via the benefits in the CDC scheme is equivalent to
a smoothing period of 38.5 years. In PA1, we assume that the contribution is fixed,
like the CDC scheme, and the shocks in the funding ratio are smoothed over a period
of 10 years. This is equivalent to setting β = 10% and, thus, a lower degree of IRS
through the pension fund. A higher degree of IRS through the government debt is a
consequence of this reduction of IRS through the fund, because γ declines in both tax
settings. In the setting without EET, it declines to 21.9%, while in the EET setting, it
even declines to a level of 7.5%. We also observe that both the fraction in risky assets
and the target contribution increase, such that a higher expected retirement benefit is
obtained.

If we reduce IRS through the fund even more, by reducing the recovery period
through the benefits from 10 to 5 years (PA2: β = 20%), then the degree of IRS
through the government debt and the target contribution increase even more and also
the optimal fraction in risky assets declines.

Finally, we consider a pension contract with the lowest degree of IRS possible. All
shocks of the pension fund are diverted to the retirement benefits, by setting β = 100%
(PA3). In the setting without EET, the need for IRS via government debt increases,
when the smoothing period through the pension fund decreases. In the setting with
EET, the degree of IRS through the government is higher in PA3 than in PA1, but
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slightly lower than in PA2. The target contribution is higher than the CDC scheme,
PA1 and PA2, but still lower than the optimal design. The asset allocation is almost
entirely risk-free, because only an optimal fraction of approximately 2% is invested in
the risky asset.

Fixing the contribution rate results in a welfare loss, compared to the optimal design,
because the CEC is lower in the CDC scheme. If we reduce the recovery period of the
pension fund via the benefits, the CEC gets even lower. Therefore, we observe a welfare
loss by reducing the degree of smoothing through benefits. In Figure 6.2, the welfare
of future cohorts from different Dutch pension system designs are shown. We will
consider the thick solid line as the graph of the optimal design. The actual graph of the
optimal design is shown by the grey dotted line, where we observe strong fluctuations
after 300 generations in panels (b) and (d). This is caused by negative outliers of
the funding ratio, such that the benefits sharply decrease, because of our indexation
policy. However, the social planner does not attach a high value to these outliers, as the
weighting factor is extremely low for the corresponding generations (see Footnote 9).
Hence, only for the construction of the CEC’s of the optimal designs in Figure 6.2, we
have deleted the 0.5% lowest utility levels of our simulations. The highest welfare for
future cohorts is obtained by this optimal design. Thereafter, the larger the smoothing
period within a fixed contribution scheme, the higher the welfare of the participants.
In the setting without EET, only the optimal design gets above the welfare level of
the optimal individual scheme, which takes more than 100 years (panel (b)), while in
the setting with EET, which is currently used in the Netherlands, the welfare of the
optimal design gets higher than CECOI within 30 years (panel (c)). The CDC scheme
also gets higher than CECOI in the EET setting, which takes almost 200 years (panel
(d)). However, the three Dutch pension agreements, we considered in this chapter, do
not reach that level of welfare, not even in the long run.

We could have compared the welfare from these schemes to an optimal individual
fixed saving (OIFS) scheme, because then all schemes would have a fixed contribution
rate. In this OIFS scheme, we assume that after retirement the individual can opti-
mize with respect to consumption and investment, like in our optimal individual model
described in Section 2.2, and before retirement a fixed saving rate is used, while the
asset allocation is still flexible. This can be interpreted as a more realistic individual
DC scheme, because fixed contribution rates are more common in practice than flexible
contributions. We have found that the optimal fraction of wealth used for saving during
the working years of an individual is equal to 66.7%. The corresponding welfare equals
CECOIFS = 54.76%, which might be considered as a representative benchmark, to
compare the different pension system designs of the Netherlands, because of the fixed
contribution levels. Although the welfare decreases due to the pension system redesign,
the collective scheme substantially outperforms the OIFS scheme.

We conclude that in general, the reduction of IRS within the Dutch pension system
results in a lower welfare obtained by the participants. Due to this decrease of IRS
through the fund, the government needs to compensate the welfare loss, by allowing
for a higher degree of IRS through the government debt. If the government will not
reconsider her tax policy, necessary for the pension system redesign, the welfare loss
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(a) Without EET: 100 generations (b) Without EET: 1000 generations

(c) With EET: 100 generations (d) With EET: 1000 generations

Fig. 6.2: Certainty equivalent consumption (CEC) of future cohorts for the Dutch case.

from the pension agreement will be even larger.

6.5 Robustness of Underfunding and Increased Retirement Age

We have focused on the changes in the Dutch pension plan with respect to IRS. However,
our model could also be used to investigate the effects of other specific features of the
Netherlands. In this section, we study the robustness by considering an alternative
initial funding ratio and retirement age.

Recently, the average Dutch funding ratio is about 94% (Aon Nederland persbericht,
1 August 2012). As we have expressed all parameters within our model in real terms,
we need to convert to nominal funding ratio of 94% to a real funding ratio as well.
If we assume the inflation rate is 2% and the duration of the liabilities is equal to 15
years, then we obtain a corresponding real funding ratio of: 94%− 2% ∗ 15 = 64%. The
optimal designs using the Dutch indexation ladder for an initial funding ratio of 64% is
shown in the first and the second column of Table 6.2. We observe that there is more
smoothing through the contributions and less smoothing through the benefits required,
because the lower initial funding ratio. Hence, less IRS through the pension fund is
preferred. In the setting without EET, a higher degree of IRS through the government
debt is needed (γ = 32.0%), because of the lower funding ratio, while in the setting
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Tab. 6.2: Optimal designs for an initial funding ratio (FR0) of 64% and a working period (R)
of 42 years: the Dutch case.

FR0 = 64% R = 42
(in %) without EET with EET without EET with EET

α 4.4 4.3 6.8 6.8
β 2.2 2.3 0.0 0.1
γ 24.0 94.5 34.6 8.5
ω 26.6 26.5 26.9 27.0
p 10.7 12.0 10.4 11.6

CECentry 77.75 78.04 83.01 83.63
CECsp 79.96 80.68 84.25 85.04

with EET, almost no smoothing is needed (γ = 94.5%). For both tax policies, the risky
asset allocation declines to less than 27%. Furthermore, the low initial funding ratio
results in less savings through the pension fund, as the optimal target contribution is
lower as well. As expected, the participants obtain a lower welfare than from a pension
fund with an initial funding ratio of 100%.

The retirement age in the year 2020 will be increased by 2 years (Kamerstukken
II 2011/12, 33 046), which is equivalent to R = 42 within our model. The optimal
designs using the Dutch indexation ladder for a retirement age of 67 is shown in the
third and the last column of Table 6.2. We observe that the risk absorbing policies
through the pension fund (α and β) are the same as for the retirement age of 65. The
optimal fraction invested in risky assets declines with only 0.1 percentage point in both
tax settings. Hence, the increase of the retirement age by 2 years has a minor impact
on the optimal policy of the pension fund. We only observe a lower target contribution,
because participants will accumulate pension rights for two more years. The need for
IRS through the government does not change much as well. In the setting without EET,
less smoothing through the tax is optimal, while in the setting with EET, slightly more
smoothing is preferred. As a consequence of the increased retirement age, people have
to work longer and, thus, will receive income for two more years. This explains the
higher welfare level, which we observe in the last two columns of Table 6.2.
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The currently proposed redesign of the Dutch pension system will lead to a lower degree
of intergenerational risk-sharing through pension funds. This reform may have serious
consequences for the welfare of the participants and for the Dutch government debt.
Hence, we set out our research with two main purposes. First, we wanted to derive an
optimal design with intergenerational risk-sharing via both the government debt and
a pension fund. Second, we wanted to quantify the welfare effects and the need for
IRS through the government debt, as a result of the introduction of the Dutch pension
agreement.

We used a model, in which equity risks and debt credit risks are shared among gen-
erations. Shocks in the pension fund surplus are smoothed through contributions of the
working cohorts and the benefits of the retirees. Deviations in the government debt are
compensated by tax adjustments. The viewpoint of an hypothetical social planner, who
also takes the welfare of future generations into account, is used to obtain the optimal
design and the corresponding welfare in terms of certainty equivalent consumption, for
different tax systems and indexation policies.

We show that an optimal individual scheme without smoothing of risks actually
results in a lower welfare than a well-designed collective scheme with IRS arrangements
through the government debt and pension fund. Therefore, we conclude that more
welfare can be obtained from a collective scheme than an individual scheme, because
the collective scheme is better capable of sharing risks using IRS arrangements. This
conclusion is true both for a standard tax system and for an exempt-exempt-tax system,
in which pension contributions are untaxed, while benefits are taxed. The latter tax
system, however, results in a higher welfare for the participants. The welfare improve-
ment of the collective scheme over the individual scheme is 3% for the setting without
EET and more than 5% for the EET setting, in terms of annual certainty equivalent
consumption over a period of 55 years.

We considered several restrictions on the degree of risk sharing in our research. We
find that a fixed tax rate or a pension scheme with fixed benefits (traditional defined
benefit scheme) results in a minor welfare loss, compared to our optimal design. On the
other hand, the welfare loss from a pension scheme with fixed contributions (collective
defined contribution scheme) is larger and requires a more substantial revision of the
government’s debt policy.

When policymakers optimize for current cohorts, we indicate that the future gener-
ations will be faced with a substantial lower welfare, while the welfare loss for current
cohorts, because of future-oriented policymakers, is limited. We also show that the need
for IRS is higher, when policymakers take the welfare of future generations into account.
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In the Netherlands, most pension schemes use conditional indexation ladders. We
added constraints to our model, to reproduce the Dutch indexation policy and used
this model to obtain more insight on the effects from several pension system designs
specifically for the Netherlands. In the new Dutch pension contract, IRS through the
pension fund is reduced by fixing contribution rates and absorbing more risks through
the benefits. We quantify that the reduction of IRS through the fund results in a sub-
stantial welfare loss, ranging from 2% to more than 3% compared to the optimal design,
in terms of certainty equivalent consumption per year. Furthermore, the reduction of
IRS through the pension fund, requires a higher degree of IRS through the government
debt, in order to avoid an even larger welfare loss.

In further research, the model could be more detailed by adding constraints in order
to reproduce features of specific pension systems. Additional risk factors, such as em-
ployment, wage, longevity, inflation and interest risks, could be included. The presence
of these risk factors would enlarge welfare obtained from IRS even more. Our research
focuses on intergenerational risk-sharing, while it is also important to investigate the
consequences of the pension system redesign to intragenerational risk-sharing. This
would also make the collective scheme even more attractive. Furthermore, we have
considered a stylized version of the government with a fixed social security, however, we
could get a better insight on the intergenerational risk-sharing arrangements, by con-
sidering a more extensive government with public expenses, other than social security
only.

Imposing a pension system redesign with less IRS, implies more IRS through the
government debt, due to the tax exemption rule for pension savings. For the Nether-
lands, this is a serious consequence, as the Dutch government debt already reaches a high
level. Besides, accepting more risks through the debt might increase the vulnerability
of the Dutch state, as is currently the case for several other European countries.

Our findings have important implications for the current Dutch pension system
redesign, as they quantify the welfare effects from different perspectives. Moreover, our
research points out that policymakers should take the debt policy of the government into
account, when changing the pension plan, and if possible, reconsider the forthcoming
Dutch pension agreement with respect to intergenerational risk-sharing, in order to
secure the welfare not only for present, but also for future generations.
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A. SOLUTION METHOD OPTIMAL INDIVIDUAL SCHEME

This appendix explains the procedure for solving the optimal consumption levels and
optimal fractions invested in the risky asset of the individual scheme, which is described
in Section 2.2. First, we rewrite the objective function (2.4) and the wealth dynamics
(2.5)-(2.7) in a recursive form

U(Wt) = max
{0≤ωt≤1,ct}

[

u(ct) + Et

(

(1 + δ)−t U(Wt+1)

)]

(A.1)

s.t.

Wt+1 = (Wt−ct) exp(r
∗+ωt(µ−r∗)−

1

2
(ωtσE)

2+ωtσEZE,t)+1−τ for 1 ≤ t < R (A.2)

Wt+1 = (Wt−ct) exp(r
∗+ωt(µ−r∗)−

1

2
(ωtσE)

2+ωtσEZE,t)+ζ for R ≤ t < T (A.3)

W1 = 1 (A.4)

We know that for the final period (t = T ), it is optimal to consume all wealth, as no
utility is obtained from wealth after death. Hence, the optimal consumption in year T
is c∗T = WT . Then, backward recursion is used, to solve the optimal consumption level
in period t given the optimal solution of later periods.

First, we define the savings, which equal the after consumption wealth: st = Wt−ct.
Then, we construct a grid of st = {sj}

J
j=1 to solve the optimal consumption level and

risky investment level for each sj of the grid. According to Carroll (2006), we can
simplify the solution procedure by rewriting the first order condition with respect to ct
and ωt to obtain the following equations

(1 + δ)−tEt[u
′(c∗t+1[Wt+1])((µ− r∗)−

1

2
(σE)

2 + σEZE,t] = 0 (A.5)

(1 + δ)−tEt[u
′(c∗t+1[Wt+1])(r

∗ + ωt(µ− r∗)−
1

2
(ωtσE)

2 + ωtσEZE,t] = u′(c∗t (st)) (A.6)

where c∗t [Wt] denotes the optimal consumption at time t+1 given Wt. We use equation
(A.5) and our borrowing and short-selling constraint (0 ≤ ω∗

t ≤ 1) to get the optimal
asset allocation and we use equation (A.6) to get the corresponding optimal consumption
level, for each level of saving st within our grid. Then, we can obtain our optimal
consumption level and optimal asset allocation from our wealth level W ∗

t = c∗t (st) + st
and ω∗

t (st) for each level of saving st within our grid. Finally, using interpolation, we
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obtain the optimal consumption level and fraction invested in the risky asset for other
values than defined within our grid.

While having the optimal levels of consumption and asset allocation in hand, for
each wealth level and each period, we use them to generate scenarios and calculate
the corresponding utility levels of the optimal individual scheme. We simulate 105

scenarios of the risky asset over the entire life cycle and calculate the certainty equivalent
consumption, as described in Section 2.2.



B. BASELINE ASSUMPTIONS
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Tab. B.1: Baseline assumptions

description parameter value

mean reverting level interest rate r∗ 0.02
speed of reversion ν 0.5
volatility of interest rate σr 0.005
relation of debt to interest a 40
excess return on stocks µ 0.05
volatility of stocks σE 0.15
subjective discount factor δ 0.04
social planner’s weight factor ∆ 1

1.04
risk aversion ρ 5
initial funding ratio FR0 1
initial government debt D0 20
target government debt D∗ 20
initial interest rate r0 r∗

overlapping generations T 55
working cohorts R 40
retiree cohorts T −R 15
employment rate λ 0.90
social security ζ 0.20
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Tab. C.1: Optimal design for different excess returns on stocks µ

without EET with EET
(in %) µ = 4 µ = 5 µ = 6 µ = 4 µ = 5 µ = 6

α 2.7 3.1 3.6 2.7 3.2 3.7
β 0.8 0.7 0.6 0.9 0.7 0.6
γ 30.2 35.6 42.5 8.6 11.4 15.5
ω 100.0 100.0 100.0 100.0 100.0 100.0
p 10.9 11.4 12.4 12.1 12.8 13.9

CECentry 80.62 82.52 84.61 81.38 83.39 85.66
CECsp 82.76 87.11 92.60 83.62 88.29 94.14
CECentry/CECOI 99.04 99.30 99.65 99.98 100.35 100.88
CECsp/CECOI 101.67 104.83 109.06 102.73 106.25 110.87

Tab. C.2: Optimal design for different volatilities of stocks σE

without EET with EET
(in %) σE = 10 σE = 15 σE = 20 σE = 10 σE = 15 σE = 20

α 4.2 3.1 2.7 4.3 3.2 2.8
β 0.3 0.7 0.8 0.3 0.7 0.9
γ 40.2 35.6 31.9 24.9 11.4 8.7
ω 100.0 100.0 82.4 100.0 100.0 79.9
p 14.4 11.4 10.9 16.2 12.8 12.2

CECentry 83.38 82.52 81.13 84.55 83.39 81.90
CECsp 91.69 87.11 83.79 93.48 88.29 84.70
CECentry/CECOI 98.40 99.30 99.48 99.78 100.35 100.43
CECsp/CECOI 108.20 104.83 102.75 110.31 106.25 103.86

Tab. C.3: Optimal design for different constant relative risk aversions ρ

without EET with EET
(in %) ρ = 3 ρ = 5 ρ = 8 ρ = 3 ρ = 5 ρ = 8

α 3.5 3.1 2.6 3.6 3.2 2.7
β 0.4 0.7 0.8 0.4 0.7 0.9
γ 56.6 35.6 4.8 18.7 11.4 7.5
ω 100.0 100.0 100.0 100.0 100.0 98.5
p 13.4 11.4 11.1 15.3 12.8 12.3

CECentry 83.06 82.52 81.44 84.14 83.39 82.25
CECsp 90.24 87.11 84.57 91.89 88.29 85.52
CECentry/CECOI 99.22 99.30 98.98 100.51 100.35 99.96
CECsp/CECOI 107.80 104.83 102.78 109.77 106.25 103.94
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Tab. C.4: Optimal design for different subjective discount factors of the individual and the social
planner δ and ∆, respectively.

without EET with EET
(in %) δ = 2 δ = 4 δ = 2 δ = 4

∆ = 1

1.02
α 2.3 2.4 2.4 2.5
β 0.5 0.4 0.5 0.4
γ 33.8 34.1 9.0 10.3
ω 100.0 100.0 100.0 100.0
p 13.3 12.0 14.9 13.4

CECentry 82.57 81.99 83.57 82.90
CECsp 91.53 90.75 92.97 92.09
CECentry/CECOI 99.17 98.66 100.37 99.76
CECsp/CECOI 109.93 109.21 111.66 110.82

∆ = 1

1.04
α 2.9 3.1 2.9 3.2
β 0.8 0.7 0.8 0.7
γ 35.3 35.6 10.6 11.4
ω 100.0 100.0 100.0 100.0
p 12.9 11.4 14.4 12.8

CECentry 83.01 82.52 83.99 83.39
CECsp 87.75 87.11 89.04 88.29
CECentry/CECOI 99.70 99.30 100.88 100.35
CECsp/CECOI 105.39 104.83 106.94 106.25

Tab. C.5: Optimal design with different initial funding ratios FR0

(in %) without EET with EET
FR0 80 90 100 110 80 90 100 110

α 3.4 3.2 3.1 3.0 3.5 3.3 3.2 3.1
β 1.2 0.9 0.7 0.6 1.2 0.9 0.7 0.6
γ 33.6 34.4 35.6 37.0 13.3 13.1 11.4 9.9
ω 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
p 10.7 11.1 11.4 11.8 12.0 12.4 12.8 13.3

CECentry 80.59 81.52 82.52 83.55 81.20 82.28 83.39 84.54
CECsp 85.16 86.11 87.11 88.16 86.12 87.18 88.29 89.46
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Tab. C.6: Optimal design for different initial debt levels, D0, and target debt levels, D∗

without EET with EET
(in %) D∗ = 20 D∗ = 30 D∗ = 20 D∗ = 30

D0 = 20 α 3.1 3.1 3.2 3.3
β 0.7 0.7 0.7 0.7
γ 35.6 0.4 11.4 3.2
ω 100.0 99.9 100.0 100.0
p 11.4 11.5 12.8 12.9

CECentry 82.52 82.50 83.39 83.79
CECsp 87.11 87.27 88.29 88.39

D0 = 30 α 3.1 3.1 3.1 3.2
β 0.7 0.7 0.7 0.7
γ 62.8 32.2 65.8 10.6
ω 100.0 100.0 100.0 100.0
p 11.4 11.4 12.8 12.8

CECentry 80.10 82.01 81.58 82.95
CECsp 86.95 86.59 88.14 87.85

Tab. C.7: Optimal design for different lengths of life T and working period R

without EET with EET
(in %) R = 40 R = 45 R = 40 R = 45

T = 55 α 3.1 3.7 3.2 3.8
β 0.7 0.3 0.7 0.3
γ 35.6 40.4 11.4 11.0
ω 100.0 100.0 100.0 100.0
p 11.4 8.4 12.8 9.1

CECentry 82.52 89.51 83.39 89.95
CECsp 87.11 93.98 88.29 94.63
CECentry/CECOI 99.30 99.82 100.35 100.31
CECsp/CECOI 104.83 104.81 106.25 105.53

T = 62 α 2.6 3.0 2.6 3.1
β 1.0 0.7 1.0 0.7
γ 3.9 4.2 10.3 10.6
ω 100.0 100.0 100.0 100.0
p 13.1 10.6 15.4 11.9

CECentry 76.66 83.78 78.13 84.72
CECsp 81.32 88.58 83.18 89.84
CECentry/CECOI 99.27 99.70 101.18 100.82
CECsp/CECOI 105.31 105.41 107.72 106.91
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Tab. C.8: Optimal design for different employment rates λ

without EET with EET
(in %) λ = 80 λ = 90 λ = 100 λ = 80 λ = 90 λ = 100

α 3.1 3.1 3.1 3.2 3.2 3.2
β 0.7 0.7 0.7 0.7 0.7 0.7
γ 30.5 35.6 40.4 11.4 11.4 11.4
ω 100.0 100.0 100.0 100.0 100.0 100.0
p 11.3 11.4 11.6 12.8 12.8 12.8

CECentry 81.46 82.52 83.34 82.46 83.39 84.14
CECsp 86.01 87.11 87.99 87.33 88.29 89.06
CECentry/CECOI 99.00 99.30 99.44 100.22 100.35 100.39
CECsp/CECOI 104.53 104.83 104.99 106.14 106.25 106.26

Tab. C.9: Optimal design for different levels of social security ζ

without EET with EET
(in %) ζ = 0 ζ = 10 ζ = 20 ζ = 30 ζ = 0 ζ = 10 ζ = 20 ζ = 30

α 2.8 3.0 3.1 3.3 2.8 3.0 3.2 3.4
β 0.8 0.8 0.7 0.6 0.8 0.8 0.7 0.6
γ 40.2 38.4 35.6 33.0 5.6 8.6 11.4 15.8
ω 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
p 15.6 13.5 11.4 9.5 15.8 14.3 12.8 11.4

CECentry 86.69 84.74 82.52 80.20 86.81 85.27 83.39 81.32
CECsp 92.19 89.67 87.11 84.42 92.35 90.39 88.29 85.98
CECentry/CECOI 99.85 99.69 99.30 98.82 99.99 100.32 100.35 100.20
CECsp/CECOI 106.19 105.49 104.83 104.02 106.37 106.34 106.25 105.94
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