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Abstract

The increasing life expectancy of the Dutch population is an upcoming problem in the
Dutch pension world. The costs of the Dutch pension system will increase to very high
levels if no measures are taken. The increase of the AOW age is the first step taken by
the government. The pension funds have to adapt to this change. The Social Partners have
reached an agreement which includes two methods to take measures for the increasing life
expectancy at pension funds and to adapt to the increasing AOW age. In this master thesis
the two methods are modeled and discussed. We will look at the impact of both methods
on a younger fund and an older fund. Results show that the costs for pension funds will be
reduced by using one of the methods for both funds.
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1 Introduction
In October 2010 the Dutch pension system is selected to be the best pension system of the
world by researchers of the University of Melbourne (Australian Centre for Financial Studies
& Mercer, 2010). Good points that are noticed by the researchers are the facts that 90% of the
Dutch employees are accruing pension benefits, the amount of the pensions and the tenability
of the pensions. Also the Dutch Central Bank (DNB) is seen as a good supervisor for the Dutch
pension funds and takes measures in time.

This news about the Dutch pension system comes just in a period full of discussion about
the system and the pension funds. The economic crisis and the increasing life expectancy
have a lot of consequences for the pension world. The costs for pension funds are increasing
continuously and they become less resistant against financial shocks. Last years the dangerous
situation of pension funds is a hot item.

1.1 Problem description
Although the Dutch pension system is the best of the world there are also comments about
the system. According to the researchers the Dutch pension system needs a better protection,
a higher retirement age and more labor participation of older people (Australian Centre for
Financial Studies & Mercer, 2010). These are important points for our pension system which
is always on the move.

The Dutch pension system consists of three pillars (Ministerie van Sociale Zaken en Werkgele-
genheid, 2009). The first pillar, which is introduced in 1957, is called the AOW (social security
benefit for elderly) and is arranged by the government. The second pillar consists of pensions
for employees enabled by their employer. These pensions are arranged by pension funds which
are related to the employer and the working sector. The third pillar is an individual pillar, peo-
ple have the possibility to take a life insurance or to invest. These are possibilities for people
who think their accrued first and second pillar pension benefits are not sufficient.

Last years the economic crisis, the increasing life expectancy and the ageing of the popu-
lation bring on problems in the Dutch pension system (Goudswaard et al., 2010). Not only the
second pillar pensions but also the AOW get into danger because of the large amount of costs.
The government has arranged the committee Frijns to research the risk management and in-
vestment policy of pension funds (Frijns et al., 2010), and the committee Goudswaard to check
the future proofing of the second pillar pensions (Goudswaard et al., 2010).

The first measures the government is taking to save the AOW is an increase of the AOW
age. In 2020 the AOW age will increase to 66 and from 2025 on it will be 67. Through this
agreement the AOW payments will start at a higher age and therefore take place for a shorter
period. This will decrease the costs of the AOW. If the retirement age of the second pillar
will remain 65, there would arise a gap between the AOW age and the retirement age. For
participants it will be very difficult to understand and to take measures. The question now is
how pension funds will respond to the increasing AOW age and what the consequences will be
of the potential measures.
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1.2 Research description
In June 2010 the Social Partners reached a pension agreement about the pensions in the second
pillar. With this pension agreement they not only want to establish the premium costs for the
employers and employees but they also want to make the pensions more stable with respect to
increasing life expectancy and financial shocks. Therefore the retirement age has to be adapted
to the increasing AOW age. In the pension agreement the Social Partners have described two
methods to implement the increasing life expectancy in the second pillar.

In both methods the retirement age follows the new AOW age. In the first method the level
of the pension payments will remain the same but the retirement age will follow the increasing
AOW age which means the payments start later. The liabilities and provisions will be adapted
to these changes and therefore will decrease for the second pillar just as the first pillar. In the
second method the retirement age will also be the same as the new AOW age. Besides that the
total pension ambition will be the same for participants of a fund with the same accrued pension
benefits and depends on a chosen retirement period. A couple of years before a participant
reaches its retirement age, the monthly pension payments will be recalculated. The recalculated
amount of the payments depends on the age specific remaining life expectancy at that moment.
One of these methods will be chosen to incorporate the increasing life expectancy from 2011
on.

In this master thesis we are going to model the two methods of the pension agreement
which are described above. After modeling these methods, we will have a look at the impact
for pension funds if they will use one of these methods. To look at the impact for different
pension funds we will compute the methods for two different pension funds with the software
of Ortec Finance. Also at the end we will give an advice which method we prefer.

The first pension fund is a fund with relatively young and high educated participants. Be-
cause the participants are young, the increasing retirement age will be applied to the largest
part of the participants. The participants of the second pension fund are older which means that
there are more accrued benefits and the pension agreement will have less impact because there
are more participants who are retired before 2020. This pension fund has more participants and
the participants are lower educated. In comparison to the first pension fund the remaining life
expectancy of these participants at the age of 65 is lower. Besides the impact of the two pension
agreement methods for each fund, a comparison will be made between the two funds.

1.3 Overview
Before the modeling and implementation of the two pension agreement method, first we will
have a look at the situation of pensions in The Netherlands. In chapter 2 an introduction to
the Dutch pension system is given. After that the recent developments of the Dutch pension
system are described: the increase of the AOW age and the agreement of the Social Partners.
The reason for the agreement of the Social Partners, the problems of the second pillar pensions,
and possible solutions are described in the same chapter.

In chapter 3 longevity risk, an important problem for pension funds, is described. A sum-
mary of literature about longevity risk is given. To manage this longevity risk the Social Part-
ners came to an agreement which includes two different methods.

The liabilities of pension funds using these two methods are modeled in chapter 4. The
first model shows the pension liabilities of an old age pension as they are modeled nowadays.
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The second and third model show the liabilities of an old age pension with the methods of
the pension agreement. For each model an example is attached to explain the model and the
changes according to the pension agreement.

The results of this master thesis are computed with the Asset Liability Scenario system of
Ortec Finance. A description of this system is given in chapter 5. Before we could compute
any results, extra programming work have to be realized in the system. The adaptations are
also described in this chapter.

Chapter 6 shows the results of the three models described in chapter 4. First we will have
a look at the impact of the pension agreement methods at the old age pension for both pension
funds. After that we will look at the impact if we will use the pension agreement also for other
pension types like a widowers pension. With these results we can make an evaluation of the
impact for a whole pension fund.

A summary, the conclusions and recommendations are given in the last chapter.
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2 Pensions in The Netherlands
In this chapter an overview of the Dutch pension system is given. After that the agreement
of the government about the increasing AOW age is described with corresponding comments.
The problems of the second pillar and the solutions of different researchers are also discussed.
In the last section the agreement of the Social Partners, to take measures for the second pillar
pensions, is described.

2.1 The Dutch Pension System
In 1957 the minister of Social Affairs and Public Health introduced the first pillar, the AOW.
This is a social security which provides elderly a minimum income. Every person who has lived
in The Netherlands for 40 years, between the age of 15 and 65, receives monthly payments from
the age of 65 until death. The amount of the payments depends on the living status. People who
live together receive a lower payment than single people. Yearly the amount of the payments is
secured by the government. This AOW system is a so called pay-as-you-go (PAYG) scheme.
The costs of the AOW payments are financed by the working people, they pay wage taxes and
income taxes to provide the AOW (Ministerie van Sociale Zaken en Werkgelegenheid, 2009).

Instead of the first pillar, the second pillar is a private pension with compulsory participa-
tion. Most companies are joining a pension fund related to their working sector, have an own
pension fund or are related to an insurer to provide their employees a supplementary pension.
There are 630 different pension funds in The Netherlands which provide pensions for more than
8.5 million people. Together the total value of the assets of all pension funds is more than 700
billion euro (Goudswaard et al., 2010). The second pillar is called a funded pension scheme
(Ministerie van Sociale Zaken en Werkgelegenheid, 2009). The pension payments are financed
by premiums which are paid by the employers and employees during their working period.
Employers pay a large part of the premiums for their employees. The smaller employees’ part
of the premium is restrained from their salary. The level of the pension payments depends on
the salary, accrual percentage, number of worked years of the employee and the pension plan.
Before 2002 most of the pension funds had a final pay system, since 2002 most of the funds
have switched to an average pay scheme.

Besides the AOW and the supplementary pensions, people also have the possibility to save
money by themselves. Self-employed people or people with a pension gap (if you have not
accrued enough pension benefits for your retirement period) have other possibilities like life
insurances, annuities or investments to save (extra money) for their retirement.

2.2 Increasing AOW age
The AOW age of 65, determined in 1957, was at that time based on the remaining life ex-
pectancy of people aged 65. During the years the remaining life expectancy of 65 year old
people increased (Bovenberg et al., 2006). Nowadays women have a life expectancy of 86 if
they are 65 and men of the same age have a life expectancy of 83. According to the prognoses
the life expectancy will further increase the upcoming years, which we can see in figure 11.
This results in a lot of discussions about the AOW age. The longer the people live the longer

1www.abvakabofnv.nl/PDF/bondsraad/dossier-aow1/244975
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Figure 1: Remaining life expectancy at the age of 65

they will receive AOW payments and the more expensive it will be. If the life expectancy in-
creases with one year, the AOW liabilities increase with at least 3% (Biffis & Blake, 2009).
The AOW costs would rise from 4.7% of GDP in 2006 to 8.8% of GDP in 2040 (Bovenberg &
Gradus, 2008). From the eighty years on there have been discussions to increase the AOW age
which decreases the period of AOW payments.

Not only the increasing retirement period but also the labor shortage will be a growing
problem in the future. The post-war baby-boom generation retires from 2010 onwards. This
means the number of retirees will increase a lot from this moment and the labor force will
reduce substantially. Nowadays 24.6% of the population is retiree, in 2040 this will be 48.8%
(Goudswaard et al., 2010). For the Dutch pay-as-you-go AOW scheme this means a radical
change in the proportions between the labor force and the retirees. The labor force has to
finance the AOW payments of the retirees, the larger the costs of the AOW the more taxes
working people have to pay. An increase of the AOW age will increase the labor force and will
decrease the payment period which reduces the problems.

In October of 2009 the government reached an agreement about an increase of the AOW
age (Sociale Partners, 2010). In 2020 the AOW age will increase to 66 and in 2025 it will
further increase to 67. These changes are announced ten years before the increase will take
place, that way people have the possibility to prepare themselves for these changes. People
who are born before 1955 are 65 years old before 2020, this means that their AOW age remains
65. For people who are born in 1955, 1956, 1957 or 1958 the AOW age will increase to 66.
This means they will reach the AOW age in 2021, 2022, 2023 or 2024. From 2025 onwards the
AOW age will be 67, this has consequences for every person born after 1958. People have the
possibility to receive AOW payments before their AOW age. For every year they force their
payments, the payments decrease with 6.5% (Sociale Partners, 2010). With these adaptations
the government tries to get the costs of the AOW payments under control.

There is a lot of criticism about the law amendment for the new AOW age. Besides the
increasing life expectancy of the Dutch people, the difference in life expectancy between lower
and higher educated people increased with seven years. The number of years people are living
without disabilities also increases but people get chronic illnesses at a younger age (Bruggink
et al., 2009). Besides criticism about the healthiness of people, it is also difficult for older
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employees in the Netherlands to get a job. It is not very attractive for employers to sign on old
people.

By means of the higher AOW age, people have to work longer but are there enough possibil-
ities for older people to get a job? The position of the older employee is very uncertain. During
the economic crisis a lot of people have lost their job. Mostly these are the older employees in
an organization because they are too expensive and not very productive for the employer. The
longer employees have to work the more expensive they will be and the more difficult their
position in the labor market (Buevink, 2009).

The difference in life expectancy between social economic groups is increasing. Lower
educated people have more health problems than higher educated people. The higher educated
people live longer and also they live longer without disabilities (Bruggink, 2009). Nowadays
the AOW age is the same for all people, even the queen and other people with a large amount of
capital receive it. Therefore it is a solidarity based system but it is also seen as an unfair system.
Lower educated people have to work as long as higher educated people but they can enjoy their
AOW for a shorter period. In fact the lower social economic groups pay for themselves and
the higher educated people (Bovenberg et al., 2006). Also the question arises if lower educated
people are available to work until their 67th birthday or are they unable to work because of
their disabilities. Despite these differences the AOW age remains the same for all people in
The Netherlands.

2.3 Problems and solutions of the second pillar pensions
The second pillar is a large and important part of the Dutch pension system. The first and
second pillar together are mostly the total income of a Dutch retiree. The ambition of the Dutch
retirement system is that retirees receive a total income (including AOW) of 70% of their last
received salary. Before the economic crisis the pension seemed to be a guarantee for all people
(Goudswaard et al., 2010). The pensions payments of pension funds were certain payments and
almost every year there was indexation to compensate inflation. Sometimes participants even
do not have to pay premiums, then there was talk of a premium holiday. The funding ratios
of the pension funds, this is the market value of the assets divided by the market value of the
liabilities, were increasing every year. The buffers of pension funds rose. The growing value
of the assets was the most important reason of these increasing funding ratios. The investment
portfolios of pension funds consisted of a large part of risky stocks and the rest of riskless
bonds. At that time the stock exchanges had high values and there seemed to be less risk. No
employee was worried about his pension after retirement.

During the first economic crisis, the Dotcom crisis at the begin of the twentieth century
followed by terrorist attacks at September 11, 2001, the interest rates and the value of assets
decreased dramatically. This has a lot of consequences for the pension funds. The provision
needed to guarantee the pension payments is based on the future cash flows (liabilities) dis-
counted with the interest rate. The larger the interest rate the lower the provision, the smaller
the interest rate the higher the needed provision. Because of the crisis the value of the needed
pension provision increased but the value of the assets decreased. This means the funding ra-
tios have declined and the buffers of the pension funds disappeared fast. To maintain the same
guaranteed pension ambition, measures had to be taken.

Because of this crisis the premiums are increased by pension funds to the cost covering con-
tribution and the final pay schemes are switched to conditionally indexed average pay schemes.
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Indexation is no longer guaranteed but is dependent of the funding ratio of the pension fund.
This results in not fully guaranteed pension payments. The full guaranteed pension ambitions
of pension funds are no longer possible, these are too expensive (Goudswaard et al., 2010).

In 2008-2009 the second financial crisis, the credit crisis, started with the collapse of
Lehman Brothers. During this crisis the carefreeness about the pensions left. The funding
ratios decreased further to problematic low values. They even decreased below a level of 100%
which means that there is underfunding. Therefore there occurs more and more questions about
the resistance of the second pillar. The system does not look very shock proof. The pension
ambition and the indexations are in danger.

Reduction of indexation and recovery premiums are current measures to maintain the pen-
sions and increase the funding ratios. Just as for the first pillar also for the second pillar the
problem of the increasing life expectancy of Dutch people arises. The longer the people live
the longer pension funds have to pay pension payments and the more a pension contract will
cost. On the long term pensions will become very expensive for pension funds.

The increasing life expectancy also changes the composition of Dutch population. During
the years the proportion between the retirees and the labor force will change which we have
already mentioned in section 2.2. The ageing of the population has negative effects for pension
funds, it decreases the shock resistance of pension funds. The part of the fund which is paying
premiums will decrease but the people who receive pension payments will increase. If there
are financial shocks they can be catched by increasing premiums but because of the smaller
working population the effect of larger premiums will decrease.

To test whether the second pillar is future proof and which measures can be taken for a
better second pillar pension, a lot of research has been done. The government has instituted the
committee Goudswaard to research a future proof second pillar pension system. To retain the
pension ambition in these problematic period, the premiums have to increase from 13% of the
salary to 17% in 2025 (Goudswaard et al., 2010). This would be very problematic for the labor
market and the Dutch competition position. The conclusion of the committee Goudswaard is
therefore that the contribution has reached its maximum and that pension funds have to look
for other measures to cope with the increasing costs of the second pillar pensions.

People are still thinking they will receive the pension ambition of 70% of their last received
salary at their retirement. In reality this could be much lower because of the reduction of
indexation. There is a gap between the expectations of the participants about the level of their
pension payments and the reality. The committee Goudswaard concluded that the second pillar
with the current pension ambition and the supposed guarantees is not future proof because of
the earlier discussed reasons. They also looked at possible solutions to make it future proof.

The first solution of the committee Goudswaard is to decrease the pension ambition. This
can be done in different ways. The Social Partners (employer and employee organizations)
can decrease the accrual percentage. If people work the same period, the pension ambition
will decrease. People can decide to work longer for the same ambition. Another option is to
maximize the pension base. The pension base is the part of the salerary (salary minus franchise)
over which pension benefits can be accrued. People with a high salary can only accrue pension
benefits over a part of their pension base instead of their whole pension base. Mostly these
people have enough money for their retirement period.

The second solution is an adaptation to the increasing life expectancy. The retirement age
can be increased to incorporate the higher life expectancy. This option looks like the same as
the increasing AOW age. With this adaptation the Dutch pension system remains future proof.
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This solution will be discussed in this master thesis.
For the last solution of the committee Goudswaard the guarantees which are promised to

participants are reduced. The risks of the pension fund, like investment risks, are shared with
the participants. The pension benefits become ’soft’ instead of ’hard’. This means there are
less unconditional benefits, benefits which are totally guaranteed, but there are more condi-
tional, soft, benefits. This results in decreasing risk for pension funds and therefore the pension
ambition can be maintained. There can be made differences between groups of participants.
Younger people have more time before they reach their retirement age and therefore they can
take more risk than older people. The differentiation can be done in different ways, for example
indexation of benefits of younger people can be connected to investments and the indexation
of pension benefits of older people to wage or price inflation. For this solution there have to be
made good agreements between the Social Partners and pension funds. The conditional rights
have to be explained clearly to participants.

Besides the research of the committee Goudswaard, the AG (Actuarial Association) has
published the report ’The AOW on the move’ (Van den Bosch et al., 2010). In this report
the consequences of the increasing AOW age for the second pillar pension are discussed. If
the retirement age will stay at 65 but the AOW increases to 66 in 2020 and 67 in 2025, there
would arise a gap. In that case people will become a retiree at the age of 65 and from that
moment receive pension payments of the second pillar, from their pension fund, but their AOW
payments will start two years later, at age 67. In the report three ways of thinking are discussed
to solve the problem of the gap.

Figure 2: First solution ’De AOW in beweging’

The first way is compensation of the gap. Participants get the possibility to accrue a tem-
porary pension which pays out between 65 and 67. In this way participants can keep their
retirement age of 65. An example for a person who is 40 years old nowadays, is showed in
figure 2. The figure above represents the current situations with the gap and the one below
shows the situation with the temporary pension (TP). The amount of the compensation will be
different for the participants because the AOW payments are larger for singles than for married
people. For older people it will be more expensive to compensate the gap, they will have a
shorter period to accrue the temporary pension. Participants with a high income will have to
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compensate a relatively smaller gap, therefore the extra costs will be smaller for them.

Figure 3: Second solution ’De AOW in beweging’

In the second way no measures are taken to close the AOW gap. Participants can take
measures by themselves, a possible solution is to work longer. If they work longer the pension
payments will start at a higher age and therefore these payments will have a higher value. These
higher pension payments can be used to compensate the gap. Figure 3 shows what will happen
in this situation for a person of 40 years old. Younger people, year of birth 1959 or later, have
to work longer to compensate the gap than older people because the older people have a lower
AOW age. Also with this method, people with a higher income have to compensate a relatively
smaller amount and therefore they have to work shorter than people with lower incomes.

Figure 4: Third solution ’De AOW in beweging’

The last way is to connect the retirement age to the AOW age. At the moment the AOW age
changes the retirement age also changes, for already accrued pension benefits the payments
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will start at 65 and the new accrued benefits will pay out from the new retirement age, see
figure 4 the picture above. Participants can choose a retirement age lower than the AOW age
through exchanging the accrued pension benefits to payments which will start at a lower age.
The figure 4 also shows this. Just as the other two methods, younger people and people with
lower incomes have to work longer to close the gap.

Bovenberg also has an opinion about a new pension contract, he describes it in ’To new
pension contracts’ (Bovenberg, 2004). Premiums that have already been paid by active par-
ticipants have to be accrued for their own pension. Every generation accrues its own pension
capital from which pension payments can be paid out from the retirement age on. Besides
that the risk sharing between the pension fund and the participants has to be explained clearly.
Funds have to explain that they need buffers to capture financial shocks and they can not use it
for premium reduction.

2.4 Pension agreement Social Partners
In June 2010 the Social Partners reached an agreement (Sociale Partners, 2010) to change the
second pillar pensions. The Social Partners consist of employers and employees, they are
represented by the employers’ associations like VNO-NCW and MKB Nederland and the labor
unions like FNV and CNV. The goal of this agreement is to make the pensions more up to
date and future proof. The second pillar pensions are connected to the first pillar pensions and
therefore these two pillars have to be adapted to each other. The increasing AOW age of the
first pillar has consequences for the second pillar. As discussed earlier, the problems of the first
pillar like the increasing life expectancy and the ageing of the population are also problems for
the second pillar.

During the decision making process about the pension agreement the following aspects
were important (Sociale Partners, 2010). The first point are the costs for employers and em-
ployees which have reached a maximum and cannot increase any further. The second point are
the expectations of the participants. Nowadays the expectations of people about the value of
their pension payments are mostly higher than the payments they will really receive from their
retirement age on. As we have noticed already from the report of the committee Goudswaard.
The pension agreement has to decrease this difference. Participants have to understand their
pension contract and know what they can expect. Just as now, the solidarity has to stay in the
new contract. The individual possibilities for employees have to develop in a way that is clear
for the participants. The costs to implement the new pension agreement have to be low. Besides
that the increasing AOW age has to be implemented to the second pillar pensions. As already
mentioned, these two pillars have to be adapted to each other. To implement the same increas-
ing retirement age as the increasing AOW age, changes in the labor possibilities are needed.
There have to be more possibilities for employees to work until the new retirement age. For
employees with an intensive physical job, replaceable work has to be available that they can do
until retirement.

Without any adaptation the pension liabilities will increase continuously for pension funds
because of the increasing life expectancy. The goal of the Social Partners is to take measures
in that way that the pension ambition will be kept at the same level. If people will live one
year longer they have to work 6 to 8 months longer to receive the same pension ambition
(Goudswaard et al., 2010). From 2011 on the pension calculating age will be adapted to the
new AOW age to catch on the increasing life expectancy. The life expectancy of a pension
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fund mostly differs from the national life expectancy. For some funds this means an increasing
retirement age will not be enough or too much to keep the pension ambition at the same level.
If the increasing retirement age is not high enough the accrual percentage has to be decreased
to keep the same pension ambition. For funds with participants whose life expectancy increases
slower than the national life expectancy, the pension ambition decreases. This extra budget can
be used for indexation, a larger buffer against shocks or a lower retirement age. The Social
Partners introduce two methods which can be chosen by pension funds to incorporate the in-
creasing life expectancy. It is not clear if these methods will be applied to all accrued pension
benefits or only to new accrued pension benefits. Probably they can only be applied to new
accrued benefits because of legislation.

In the first method the pension calculating age is similar to the announced increased AOW
age. This method is the same as the last option which is discussed in ’The AOW on the move’
(Van den Bosch et al., 2010). From 2011 on the pension calculating age will be 66 and from
2015 it will be 67. Just as the new AOW age, the increasing pension calculating age is not for
everybody but depends on the year of birth. If the AOW age will increase more next years, the
pension calculating age will also increase. The amount of the pension payments will remain
the same but the net present value of the pension liabilities will be calculated with the new
pension calculating age. The pension calculating age will increase one year in 2011 and 2015
and therefore the pension payments will start one year later. These changes will result in a
one year shorter retirement period and therefore pension funds will need smaller provisions
to guarantee the payments. This method will likely be used only for pension benefits which
are accrued from 2011 on. This method is based on solidarity because the change will have
different consequences for different age categories.

Figure 5: Pension agreement method 1

Figure 5 shows an example for a person with age 40 in 2010. In 2010 the AOW age and
pension calculating age both are 65. In 2011, when the person is 41 years old, the AOW age and
also the pension calculating age increases to 66. In the left figure of 2011 all accrued pension
benefits will start from 66 and the level of the payments remains the same. In the middle figure
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of 2011 we can see what happens if only the new accrued pension benefits will start from 66
and the old ones from 65. The right figure shows that the accrued pension benefits of 65 can
be actuarial recalculated to age 66 at retirement which means they get a higher value. The
figure below, represents the situation in 2015 when the AOW age and pension calculating age
increases to 67.

The second method is based on the life expectancy of employees from their retirement age
on. The pension calculating age of this method is the same as in the first method. The total
pension ambition will be the same for participants of different age categories and is based on the
forfaitary period. The amount of the annually pension payments is determined at the retirement
age (or for example at age 60) and depends on the real estimated age specific retirement period
at that time. The later a person is born the longer his estimated retirement period will be because
of his higher life expectancy. Every fund has its own forfaitary payment period which is the
same for all participants and represents the retirement period of a person who is 65 in 2010.
This period will be the same over time. At a certain age, probably this will be at 60, the pension
ambition with the forfaitary period will be actuarial recalculated to a pension ambition with the
real estimated retirement period. During the recalculation the total pension ambition stays
the same. This means the pension payments can become smaller or larger dependent on the
fact the real estimated retirement period is longer or shorter than the forfaitary period. Every
age category receives another amount of pension payment dependent on the real estimated
retirement period. Just as the first method this will probably only the fact for pension benefits
accrued from 2011 on. Instead of the first method, the changes in pension provision in the
second method will be gradually. This method is more fair than the first method because the
pension payments of the different age categories are based on their own life expectancy.

Figure 6 is an example to show the pension benefits before retirement. We take a forfaitary
period of 15 years. Also for this example we take a person which is 40 in 2010. If the second
method is applied to all accrued benefits the calculation with the forfaitary period start imme-
diately, as we can see in the left picture of 2010. If it is only applied to new accrued benefits
from 2011 on, nothing will change in 2010. From 2010 or 2011 on, the pension ambition and
the pension provision is based on the accrued benefits paying out over the forfaitary period of
15 years, which starts at the pension calculating age 65. In 2011 the AOW age and pension
calculating age switch to 66. The left figure of 2011 shows the results if the method is applied
to all accrued benefits. Than the pension payments will start at 66 and the forfaitary period will
be from 66 until 81. In 2015 the AOW age and pension calculating age are both increased to
67, which results in a forfaitary period from 67 to 82. The right figures show what will happen
if the method is only applied to the new accrued benefits from 2011 on and the other benefits
are not changed.

The recalculating at retirement if method 2 is applied to all accrued pension benefits is
shown in figure 7. In this example we take a participant with a retirement age of 67 and a
forfaitary period of 15 years. Before retirement the participant has accrued pension benefits.
The pension provision the fund provides to guarantee the pension benefits is based on this for-
faitary period. The total pension ambition according to pension payments of e25,000 per year
is e375,000. The pension ambition with the real estimated retirement period has to be the
same. If the real estimated retirement period will be 16,5 years the pension payments have to
decrease to e22,727 to keep the pension ambition at the same level.

15



Figure 6: Pension agreement method 2 before retirement

Figure 7: Pension agreement method 2: recalculation at retirement
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3 Longevity Risk
Longevity risk is the uncertainty in future changes in mortality rates (De Waegenaere et al.,
2010). Interest rate risk and asset returns are seen as the most important source of risk for
pension funds because the consequences of these risks are immediately visible. Longevity
risk is a more abstract risk and the effect is not immediately noticeable (Madsen et al., 2010).
Despite of this, longevity risk is a very important one for pension funds and has to be taken into
account.

Pension payments start at the retirement age and take place until the death of the participant.
The age at which people die is estimated with mortality rates. The smaller the mortality rates,
the longer people live and the longer pension benefits have to be paid out. With the mortality
rates pension funds can make an estimation of the retirement period. The provision, which is
needed to guarantee the pension benefits, is calculated with the help of this estimated retirement
period. For every generation estimations are made for the age at which people on average
die. This means for every generation the needed pension provision is different. The more
uncertainty about the future mortality rates the more uncertainty about the estimated retirement
period and the corresponding pension provision. If the mortality rates change, the estimated
provisions are not up to date to the real mortality rates anymore. Last years it turned out
that the real mortality rates are lower than the predicted ones (Actuarieel Genootschap, 2010).
People have a higher life expectancy than predicted in the past. In figure 1 we can see this, the
remaining life expectancy prognose in 2004 over 2004 to 2008 was smaller than the realized
remaining lifetime in that period. The reduction of the mortality rates is underestimated. The
prognose of 2008 gives a higher remaining life expectancy than the one of 2004. This will
bring on problems to pension funds, they provide too less pension provision to guarantee the
pension liabilities. Therefore the mortality rates and longevity risk are important factors for
pension funds.

Wong-Fupuy & Haberman (2004) give a review of the recent developments of mortality
trends in the UK and US. In their paper there are three characteristics observed about mortality
rates: the relationship between mortality rates and time is log-linear, the improvements of the
life expectancy according to age and time are decreasing and there is an increasing trend in the
relative rate of mortality changes over age. Lee & Tuljapurkar (1997) suggest two reasons for
the decreasing trend in the improving life expectancy. The first one is the fact that reducing
mortality at younger ages has more impact on the improvement of the total life expectancy than
a decrease of the mortality at an older age. In developed, western countries the mortality rates of
young people do not change much anymore but only the mortality rates at older ages decrease.
This explains the fact that the increase of the life expectancy diminishes during the years.
In the beginning of the twentieth century mainly the infectious deceases have been reduced
(Tuljapurkar & Boe, 1998) and in the more recent times mainly the number of chronic diseases
decreased (Goss et al., 1998). The last one is concentrated on older people and therefore reduces
the mortality rate at older ages.

To model the future mortality rates a projected age pattern as well as a good measure for un-
certainty are needed (Wong-Fupuy & Haberman, 2004). It is hard to define such a measure. In
official projections there are alternative scenarios generated to cover uncertainty. The modeling
of future mortality rates is based on extrapolation of methods but also on the opinion of ex-
perts about future life expectancy. Experts suggest there is a biological limit for life expectancy
and future improvements of life expectancy are impossible (Wong-Fupuy & Haberman, 2004).
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Future reductions in mortality are only possible by developments in the medical field, less vi-
olence and pollution and an improved lifestyle (no cigarettes and alcohol). As Wong-Fupuy &
Haberman (2004) conclude, the shape of the trend of the mortality rate is not totaly objective,
it depends on past mortality trends and a personal opinion.

In Madsen et al. (2010), the Dutch mortality rates are discussed. Looking at the mortality
rates, the past century the Dutch mortality has improved in a log-linear trend which is quite
predictable. But the question is: will this trend continue over time? For example, the author
states that if the life expectancy increases with three years in one decade, a funding ratio of
120%, using assumptions which are typically actuarial, will decrease to 100%. However, this
conclusion depends on the fund structure, the asset portfolio and the economic situation. To
observe the life expectancy trend, there are two types of life expectancy: the statical life ex-
pectancy and the dynamic life expectancy. The difference between these two is the fact that
in the formula of the dynamic life expectancy a time parameter is added. This means that the
change of future life expectancy is also dependent on the time. The remaining life expectancy
will increase more the first years than over 50 years (De Mik, 2010). Therefore the dynamic
life expectancy increases faster than the statical one.

Not only the gender and year of birth of a person are factors to determine the life expectancy
but also wage, education and place of residence. Life expectancy is not the same for the whole
Dutch population. As already mentioned in section 2.2 there are differences in life expectancy
between social economic groups. The composition of the participants of a pension fund results
in a fund specific mortality table. In Van Doorn & Jager (2010), social-economic, geographic
and fund specific factors on life expectancy are determined. For each individual a personal scal-
ing factor can be used to calculate an accurate pension provision. This scaling factor depends
on the life expectancy factors and the amount of the pension benefits. For people with a relative
larger amount of pension benefits, a higher life expectancy has more impact on the pension
provision than people with relative lower pension benefits. With the help of postal codes the
social economic factor can be determined. In this way a better approach of the needed pension
provision can be made and pension funds can manage their risks better. This method is not
yet realized at Dutch pension funds, but in the UK there are already made distinctions between
postal codes (Van Doorn & Jager, 2010).

In the paper of De Waegenaere et al. (2010) two sources of mortality risk are distinguished
namely the individual mortality risk and the longevity risk. The individual mortality risk, also
called micro longevity risk, is the risk that the life expectancy of an individual person differs
from the life expectancy based on the given mortality rates. Longevity risk, also called macro
longevity risk, is the risk caused by the uncertainty of the future mortality rates. De Waegenaere
et al. (2010) show that longevity risk is very important because it is non-diversifiable. When
the number of participants become larger, the individual mortality risk of a pension fund is
diversifiable but the longevity risk remains. This means that the pension liabilities have to
include a longevity risk premium and pension funds have to manage this longevity risk.

Furthermore in the paper of De Waegenaere et al. (2010) there are three ways to quantify
longevity risk. In the first method, which is analyzed by Olivieri (2001), the longevity risk
is quantified by the effect on the pension fund’s distribution of the present value of the future
payments. Another method is to look at the probability of underfunding for the pension fund,
this is done by Hari et al. (2008). They show that if risk in remaining lifetime is the only source
of risk, there is a substantial amount of risk for pension funds. In the last method and also
considered to be the best one, the effect on the probability of ruin is determined. This is also
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computed by Olivieri (2001).
In Hari et al. (2008) the impact of longevity risk at the funding ratio is discussed. Longevity

risk becomes relatively less important for the funding ratio when there is more market risk,
meaning that a larger fraction of the investment portfolio is invested in risky assets. For a Dutch
pension fund with 500 participants, considered by Hari et al. (2008), the standard deviation of
the funding ratio over five years is 3.7% of the expected value of the funding ratio. In this
example only the micro and macro longevity risk are included, there is no market risk. For
a larger fund the micro longevity risk decreases, this results in a standard deviation of 2.9%.
If there is also parameter risk the standard deviation increases to 5.8% for a small fund and
5.3% for a large fund. If a pension fund, which is funded, wants to reduce the probability of
underfunding caused by longevity risk to 2.5% over five years, it has to take a buffer of 7%-
8% of the value of the liabilities (Hari et al., 2008). Another option to hedge longevity risk is
buying longevity bonds, but this option only reduces macro longevity risk.

Hari et al. (2008) also determined the relative importance of longevity risk if market risk
is also included. Results of different investment portfolios in this paper show that investments
risk becomes relatively more important for the funding ratio if the proportion of stocks in the
investment portfolio increases. The uncertainty about the value of stocks is higher than the
uncertainty of bonds. Therefore the more stocks in the portfolio, the higher the investment risk.
This reduces the relative importance of longevity risk (Hari et al., 2008). Hari et al. (2008)
conclude that longevity risk is very important for the funding ratio if market risk is not present.
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4 Modeling pension liabilities of an old age pension

4.1 Model of the liabilities with the normal method
Without the pension agreement the retirement age would be kept at 65 for all people. To
calculate the net present value of the nominal liabilities at the end of year T , for pension funds
that have an average pay scheme, the next formulas are used:

Lnom
T =

N∑
n=1

Z−an,T∑
j=max{0,rn,T−an,T }

(An,0

∏T
s=1(1 + is) +

∑T
t=1(cn,tBn,t

∏max{t+1,T}
s=t+1 Is))

∏an,T+j

k=an,T
pk,T+(k−an,T )

(1 + R
(j)
T )j

(1)

rn,T = 65 for T ≥ 0 ∀n = 1, .., N

Is =

{
1 if t + 1 > T

1 + is if t + 1 ≤ T

N = number of participants
an,T = age of participant n at time T
rn,T = retirement age of participant n at time T
Is = indexation factor at time s
is = price inflation at time s
Z = highest possible age of the mortality table
An,0 = accrued benefits of participant n ultimo time 0
cn,t = accrual percentage of the pension of participant n at time t
Bn,t = pension base of participant n at time t
pk,T+(k−an,T ) = survival probability of age k at time T + (k − an,T )

R
(j)
T = interest rate at time T with duration j

The retirement age rn,T would be 65 for all T with T = 0 in 2009 and for all participants n. For
people younger than the retirement age, first they have to reach their retirement age before they
can receive a pension. It will take rn,T − an,T years for participant n at time T to reach his re-
tirement age. There are also participants that have already reached the retirement age, for them
the payments start immediately. The index j represents the expected payment period. It starts
in the year a person reaches his retirement age or immediately, T + max{0, rn,T − an,T}, and
ends at maximum in the year there are no survival possibilities for this person, T + (Z − an,T ).
Mostly this is in the year the person reaches the age of 119 (Z=119) because mortality tables
end at that age. In every year, every possible value of j, the possibility that the person is still
alive is used to calculate the expected pension payments in that year. If a person dies before
that age, the payments are zero.

The amount of the pension liabilities depends on the number of years a person already has
accrued pension liabilities and his pension base. An,0 represents the already accrued pension
benefits at the end of 2009. The new accrued pension benefits from 2010 on are represented
by cn,tBn,t. The pension base Bn,t is the annual wage of an employee reduced with the social

20



security offset. If the wage increases, the pension base also increases. Most pension funds have
an average pay scheme therefore this is used in the modeling. With this agreement participants
every year accrue pension benefits with a percentage cn,t of their current pension base. Every
year the pension benefits are indexed with the price inflation is. The product of indexations
shows that the indexations will start one year after the pension benefits are accrued (t+ 1) until
now (T ). If the pension benefits are accrued in year T , than t + 1 > T , there will not yet be
any indexation (Is = 1). The total pension benefits are a summation of accrued benefits over
the years. In most pension schemes there is a maximum total accrual percentage, 80% or a
maximum number of accrual years, 40. If this maximum is reached, participants can not accrue
more pension benefits. This can be implemented with a restriction at cn,t. To calculate the net
present value of the liabilities, the pension benefits are discounted with R

(j)
T .

For every year pension liabilities have to be paid out, the probability that a person will reach
this year is calculated with the survival probabilities pk,T+(k−an,T ). The mortality probabilities
are arranged in a mortality table with the mortality probability qk,T+(k−an,T ) for a specific age
in a specific year. Therefore the survival probability pk,T+(k−an,T ) = 1 − qk,T+(k−an,T ) has two
indexes. The first one, k, represents the age of the participant. The second index, T +(k−an,T ),
represents the year in which the age k will be reached. The probability a person will be alive in
year T +j is calculated by the probability the person will survive from now on until year T +j.
This is calculated by the product of the survival probabilities from the current age an,T in year
T until the age an,T+j in year T +j. For the calculation of the whole fund, the net present value
of the liabilities of all participants is summed up.

4.2 Example of the model of the normal method
To illustrate the formula of section 4.1, we take an example of a pension fund with 7 male
participants. The following assumptions are made: participants start accumulating pension
benefits from the age of 25 when they have a pension base of e10,000, the accrual percent-
age is 2% per year and every year the wage and also the pension base increases with e1.000.
The pension benefits are indexed yearly with the price inflation, which we set at a level of 2%
(requirement of DNB). Furthermore we assume that the participants will stay at the employer
and the pension fund in the years up to retirement. Every participant has his birthday at the
first of January. The essential information of the participants ultimo 2009 is summarized in the
following table:

Participant number n Year of birth Age an,0 Pension base Bn,0 Accrued benefits An,0

1 1945 64 50,000 33,690
2 1947 62 48,000 30,460
3 1950 59 45,000 25,993
4 1955 54 40,000 19,493
5 1960 49 35,000 14,077
6 1965 44 30,000 9,643
7 1970 39 25,000 6,098

To calculate the provision ultimo T = 1, some parameters of the model change. The age of the
participants is increased with one year. Also the pension base of the participants is increased
with e1.000 and they have accrued 2% more benefits. This is not the case for participant 1 who

21



reaches his retirement age at T = 1. After filling in the data of the participants at T = 1, this is
the formula:

Lnom
1 =

Z−a1,1∑
j=max{0,r1,1−a1,1}
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∏1
s=1(1 + is) +
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The values of an,1, An,1, cn,1 and Bn,1 can be filled in with the help of the table and the assump-
tions. The retirement age rn,T is 65 for all values of n and T in the normal method. The value
of 119 is taken for Z, because this is highest possible age in the AG mortality tables 2010-2060
which are used in this example. Instead of an interest term structure, we use a fixed interest
rate of 4%.

Lnom
1 =

119−65∑
j=65−65

(33, 690 ∗ 1.02)
∏a1,1+j

k=65 pk,1+(k−65)

(1.04)j
+

119−63∑
j=65−63

(30, 460 ∗ 1.02 + 0.02 ∗ 49, 000 ∗ 1)
∏a2,1+j

k=63 pk,1+(k−63)
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+
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119−60∑
j=65−60

(25, 993 ∗ 1.02 + 0.02 ∗ 46, 000 ∗ 1)
∏a3,1+j

k=60 pk,1+(k−60)

(1.04)j
+

119−55∑
j=65−55

(19, 493 ∗ 1.02 + 0.02 ∗ 41, 000 ∗ 1)
∏a4,1+j

k=55 pk,1+(k−55)

(1.04)j
+

119−50∑
j=65−50

(14, 077 ∗ 1.02 + 0.02 ∗ 36, 000 ∗ 1)
∏a5,1+j

k=50 pk,1+(k−50)

(1.04)j
+

119−45∑
j=65−45

(9, 643 ∗ 1.02 + 0.02 ∗ 31, 000 ∗ 1)
∏a6,1+j

k=45 pk,1+(k−45)

(1.04)j
+

119−40∑
j=65−40

(6, 098 ∗ 1.02 + 0.02 ∗ 26, 000 ∗ 1)
∏a7,1+j

k=40 pk,1+(k−40)

(1.04)j

The mortality rates of the AG of 2010-2060 are used to calculate the pension provision per
participant and the total pension provision. Besides the provision in 2009 and 2010, we also
want to know the changes in the provision the next years. We calculate the pension provision
for T = 0 until T = 6 to see the changes in the pension provision over time. We assume
∀ T = 0, .., 6 that the participant is still alive otherwise there is no pension provision needed
anymore.

i Lnom
0 Lnom

1 Lnom
2 Lnom

3 Lnom
4 Lnom

5 Lnom
6

1 416,127 446,680 443,331 439,303 434,553 429,101 422,760
2 345,561 381,871 421,854 452,463 449,093 445,002 440,153
3 261,196 288,809 319,146 352,473 389,179 429,512 459,130
4 161,764 179,460 198,867 220,147 243,504 269,135 297,302
5 97,131 108,486 120,959 134,658 149,681 166,164 184,233
6 55,495 62,667 70,570 79,274 88,847 99,375 110,947
7 29,256 33,662 38,553 43,972 49,965 56,580 63,873

Total 1,366,531 1,501,635 1,613,282 1,722,290 1,804,821 1,894,868 1,978,398
Increasing% 9.89% 7.44% 6.76% 4.79% 4.99% 4.41%

Participant 1 and 2 will reach their retirement age in respectively T = 1 and T = 3. From
that time the pension payments will start and the pension provision decreases. There will be
no new pension benefits accrued. The accrued pension benefits only increase because they are
indexed for price inflation yearly.

When we take a look at participant 3, 4, 5, 6 and 7 we can see that there is a smaller
provision needed for younger participants. They have accrued pension benefits over a shorter
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period, they have a lower wage and pension base and a smaller probability to reach the age of
65. During the years the total accrual percentage and wage will increase and also the probability
that participants will reach their retirement age will increase. This means that the pension fund
will need more provision to guarantee the pension benefits. If we take a look at the pension
provision for participant 3 at T = 1 we get a value of e288,809. Participant 4 will have the
same accrued pension benefits and age at T = 6 as participant 3 at T = 1. But the pension
provision for participant 4 will be higher, e297,302. This can be explained by the fact that
participant 4 has a better life expectancy. The probability that participant 3 will reach his
retirement age at T = 1 is 0.9467 but participant 4 will have a probability of 0.9543 to reach
his retirement age at T = 6. This shows the survival probabilities increase over time.

If we take look at the increase of the total pension provision over time we can see that the
increasing percentage decreases over time. As we have seen earlier the pension provision of
participant 1 and 2 decreases when they reach their retirement age. This has also consequences
for the total pension provision. We can see this at T = 2, from these years on the pension
provision of participant 1 decreases and therefore the total pension provision increases less.
The same happens at T = 4 for participant 2.

4.3 Model of the liabilities with pension agreement method 1
In the first method of the pension agreement the retirement age in the second pillar pension
scheme will be the same as the new announced AOW age. People who are born before 1955
will reach their retirement age in 2019 or earlier. Their retirement age will stay at 65. In 2011
there will be announced the retirement age will increase to 66 from 2020 onward. This increase
in the AOW age has consequences for people born in 1955 or later. From 2011 on a pension
calculating age of 66 instead of 65 is used to calculate the net present value of the accrued
pension liabilities. Depending on the way the method will be implemented by the government,
the new retirement age will either be introduced for all the accrued liabilities or only for new
accrual. In our model we are looking at results per year. Therefore we assume all participants
have their birthday on the first of January. This means people born before 1955 have reached
the age of 57 or higher on January 1, 2011. For this age category nothing will change, the
retirement age and pension calculating age will be the same as before.

In 2015 the second increase of the retirement age will be announced. From 2025 on the
retirement age will be 67. People born between 1955 and 1958 have reached their retirement
age of 66 in 2024 or earlier and therefore this second change has no consequences for them.
From 2015 on the pension calculating age of 67 is used to calculate the net present value of the
liabilities of people born after 1958. These people have reached the age of 56 or lower in 2015.
Therefore we can say these changes do not have any consequences for people who are 57 years
or older in 2015.

First we will look at the model if method 1 is applied to all accrued pension benefits (2).
And the other formula (3) shows the net present value of the nominal liabilities for pension
funds if method 1 is only applied to new liabilities:
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1{T≥2} (3)

Is =

{
1 if t + 1 > T

1 + is if t + 1 ≤ T

rn,T = 65 if T = 0 ∀n = 1, .., N

rn,T =

{
rn,T−1 if an,T ≥ 57 T > 0
paT if an,T < 57 T > 0

paT =


65 if T = 1
66 if 2 ≤ T ≤ 5
67 if T ≥ 6

paT = retirement age at time T following the pension agreement of the Social Partners (Sociale
Partners, 2010)

Before the adaptations, in 2009 (T = 0) and 2010 (T = 1), the retirement age is still 65 for
all people. In 2011 (T = 2) the net present value of the liabilities of people born in 1955 and
later changes because of their new retirement age of 66. This retirement age is kept until 2014.
In 2015 (T = 6) the net present value of the liabilities of people born in 1959 and later changes
because of their new retirement age of 67. The changing retirement age is represented by paT .
With the increase of the retirement age rn,T with one year, the pension payments and therefore
the index j will start one year later.

If the pension agreement methods are applied to all accrued pension benefits, the net present
value of the all accrued liabilities will be recalculated with the new retirement age. If the meth-
ods will only be applied to new accrued pension benefits, the net present value of the liabilities
will change from 2011 on, only for the new accrued benefits. Therefore the formula is separated
in two part. The first part is the net present value of the already accrued benefits, the pension
calculated is 65. In the second part there are only new accrued benefits (cn,tBn,t) and the re-
tirement age changes according to paT . Participants who have not accrued the maximum total
accrual percentage at the age of 65 and have to work until 66 or 67, now have the possibility
to accrue pension benefits until their retirement. This means they have the possibility to accrue
a higher amount of pension benefit. For pension funds with older participants the increasing
retirement age will not influence many people.
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4.4 Example of the model of pension agreement method 1
For this example we have a look at the same pension fund as in the example for the normal
method. The data are the same, but now we are using the model of the pension agreement
method 1. This means that retirement ages of the participants change during the years:

Participant number n rn,0 rn,1 rn,2 rn,3 rn,4 rn,5 rn,6
1 65 65 65 65 65 65 65
2 65 65 65 65 65 65 65
3 65 65 65 65 65 65 65
4 65 65 66 66 66 66 66
5 65 65 66 66 66 66 67
6 65 65 66 66 66 66 67
7 65 65 66 66 66 66 67

Participant number 1, 2 and 3 keep the same retirement age and therefore also the same pen-
sion provision for all T . For the other participants the AOW age increases and also the pension
payments of the second pillar start later. At T = 0 and T = 1 the retirement age of 65 is still
used as the pension calculating age which results in the same provision as the normal method.
At T = 2 the retirement age of participant 4, 5, 6 and 7 increases with one year. This means all
accrued pension benefits or only the pension benefits of T = 2 will be calculated with the new
retirement age. This results in the following formula for the net present value of the pension
liabilities at T = 2 if method 1 is only applied to new accrued benefits:

Lnnom
2 =

119−66∑
j=0

(33, 690 ∗ 1.022)
∏a1,2+j

k=66 pk,2+(k−66)

(1.04)j
+

119−64∑
j=65−64

(30, 460 ∗ 1.022 + 0.02 ∗ 49, 000 ∗ 1.02 + 0.02 ∗ 50, 000 ∗ 1)
∏a2,2+j

k=64 pk,2+(k−64)

(1.04)j
+

119−61∑
j=65−61

(25, 993 ∗ 1.022 + 0.02 ∗ 46, 000 ∗ 1.02 + 0.02 ∗ 47, 000 ∗ 1)
∏a3,2+j

k=61 pk,2+(k−61)

(1.04)j
+

119−56∑
j=65−56

(19, 493 ∗ 1.022 + 0.02 ∗ 41, 000 ∗ 1.02)
∏a4,2+j

k=56 pk,2+(k−56)

(1.04)j
+

119−56∑
j=66−56

(0.02 ∗ 42, 000 ∗ 1)
∏a4,2+j

k=56 pk,2+(k−56)

(1.04)j
+

119−51∑
j=65−51

(14, 077 ∗ 1.022 + 0.02 ∗ 36, 000 ∗ 1.02)
∏a5,2+j

k=51 pk,2+(k−51)

(1.04)j
+
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119−51∑
j=66−51

(0.02 ∗ 37, 000 ∗ 1)
∏a5,2+j

k=51 pk,2+(k−51)

(1.04)j
+

119−46∑
j=65−46

(9, 643 ∗ 1.022 + 0.02 ∗ 31, 000 ∗ 1.02)
∏a6,2+j

k=46 pk,2+(k−46)

(1.04)j
+

119−46∑
j=66−46

(0.02 ∗ 32, 000 ∗ 1)
∏a6,2+j

k=46 pk,2+(k−46)

(1.04)j
+

119−41∑
j=65−41

(6, 098 ∗ 1.022 + 0.02 ∗ 26, 000 ∗ 1.02)
∏a7,2+j

k=41 pk,2+(k−41)

(1.04)j

119−41∑
j=66−41

(0.02 ∗ 27, 000 ∗ 1)
∏a7,2+j

k=41 pk,2+(k−41)

(1.04)j

For participant 4, 5, 6 and 7 the pension benefits are divided in the part which is accrued
until 2011 with indexation and the part accrued in 2011. For the first part we need a provision
for a retirement age of 65 and for the second part a provision with a retirement age of 66. The
pension provision at T = 2 is smaller with this method, as we expected beforehand. At T = 6
the gap between the pension provision of the normal method and method 1 will increase further
for participant 5, 6 and 7 because they are younger than 57 in that year. Table 7 in the appendix
shows a comparison between the results of the normal method and pension agreement method
1. Also the results of the first method applied to all accrued benefits are given in this table.

Participant 1, 2 and 3 will have retirement age 65, their retirement age does not change
with pension agreement method 1. For people whose retirement age increases we can see
the pension provisions with method 1 are smaller. If we take a look at the results if pension
agreement method 1 is applied to all accrued pension benefits, we can see the higher the pension
provision the larger the gap will be. The gap between the two methods will remain the same
from T = 2 until T = 5. For the total pension provision we can see that the gap increases
during the years. This can be explained by the fact that during the years the part of the total
pension provision which is needed for the younger people (n = 3, .., 7) increases and the part
for the elderly (n = 1 and n = 2) decreases. This explains the increase of the gap for the
total fund. At T = 6 the total gap increases with 1.37% because of the announcement of the
increasing retirement age. This second change has no effect for participant 4 and therefore the
gap is smaller than the gap at T = 2 (1.90%).

If the first method is only applied to new accrued pension benefits the impact is smaller. In-
stead of the results discussed above, we can see that in this situation the younger the participant
the larger the impact. Younger people have not yet accrued a lot of pension benefits. The part
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of pension benefits accrued in 2011 will be a larger part of the total accrued pension benefits
for a younger person than for an older person. Because in this situation it has only impact on
the new accrued benefits, the impact will be larger for younger participants. During the years
the amount of the accrued pension benefits from 2011 on will increase and therefore the gap
will also increase.

4.5 Model of the liabilities of pension agreement method 2
The second method of the pension agreement is an addition to the first method. Just as in the
first method the retirement age is the same as the new announced AOW age. Besides that the
amount of the payments after retirement depends on the expected remaining lifetime at retire-
ment. Every pension fund determines its own forfaitary period which represents the expected
remaining lifetime for a participant who reaches the age of 65 in 2010. Before a participant
reaches his retirement age the provision for his pension benefits is based on this forfaitary pe-
riod. Pension funds take into account that every participant who reaches his retirement age will
be alive as long as the forfaitary period. When the participant actually reaches his retirement
age his pension benefits are recalculated. If his expected remaining lifetime at that moment is
longer than the forfaitary period his pension payments per year will be reduced. This happens
in such a way that the total pension ambition will be the same as the total ambition with the
forfaitary period. To model this pension agreement method we make a distinction between the
pension provision of participants who have not yet reached their retirement age and retirees.
Below the formulas for the net present value of the nominal liabilities for the second method
applied to all accrued benefits (4) and only to the new accrued benefits (5) are given:

LanomT =

N∑
n=1

rn,T−an,T +FP−1∑
j=rn,T−an,T

(An,0

∏T
s=1(1 + is) +

∑T
t=1(cn,tBn,t

∏max{t+1,T}
s=t+1 Is))

∏rn,T−1
k=an,T

pk,T+(k−an,T )

(1 + R
(j)
T )j

1{an,T<rn,T }+

N∑
n=1

Z−an,T∑
j=0

(An,0

∏T
s=1(1 + is) +

∑T
t=1(cn,tBn,t

∏max{t+1,T}
s=t+1 Is))

FP
ärn,T

∏an,T+j

k=an,T
pk,T+(k−an,T )

(1 + R
(j)
T )j

1{an,T≥rn,T }

(4)

Lnnom
T =

N∑
n=1

Z−an,T∑
j=max{0,65−an,T }

(An,0

∏T
s=1(1 + is) + (cn,1Bn,1

∏max{2,T}
s=2 Is))

∏an,T+j

k=an,T
pk,T+(k−an,T )

(1 + R
(j)
T )j

+

N∑
n=1

rn,T−an,T +FP−1∑
j=rn,T−an,T

(
∑T

t=2(cn,tBn,t

∏max{t+1,T}
s=t+1 Is))

∏rn,T−1
k=an,T

pk,T+(k−an,T )

(1 + R
(j)
T )j

1{an,T<rn,T }1{T≥2}

N∑
n=1

Z−an,T∑
j=0

(
∑T

t=2(cn,tBn,t

∏max{t+1,T}
s=t+1 Is))

FP
ärn,T

∏an,T+j

k=an,T
pk,T+(k−an,T )

(1 + R
(j)
T )j

1{an,T≥rn,T }1{T≥2} (5)
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Is =

{
1 if t + 1 > T

1 + is if t + 1 ≤ T

rn,T = 65 if T = 0 ∀n = 1, .., N

rn,T =

{
rn,T−1 if an,T ≥ 57 T > 0
paT if an,T < 57 T > 0

paT =


65 if T = 1
66 if 2 ≤ T ≤ 5
67 if T ≥ 6

FP = forfaitary period determined by the pension fund
ärn,T

= actuarial factor at the retirement age

The first part of the formula LanomT represents the pension provision for active participants.
The current age of these participants is smaller than their retirement age therefore they are
selected by the indicator 1{an,T<rn,T }. For these people the pension funds take into account
they have to pay from the year the participant will reach the retirement age (rn,T − an,T ) and
it takes place for the length of the forfaitary period (rn,T − an,T + FP − 1). The probability
that a participant will reach his retirement is the product of the survival probabilities until his
retirement age

∏rn,T−1
k=an,T

pk,T+(k−an,T ).
The other part of the formula LanomT represents the pension provision for retirees. The

payments for these category start immediately (j = 0) and ends when there are no survival
probabilities (Z − an,T ), just as in the normal method and method 1. The amount of the pen-
sion payments depends on the life expectancy of the participant at the retirement age. For the
recalculation at retirement the actuarial factor ärn,T

is used. This factor represents the costs of a
contract which pays one euro every year from the retirement age until death. For the retirement
age of 65 this means (Gerber, 1997):

ä65 =
∞∑
t=1

tp65

(1 + R)t

Where tp65 represents the probability that a person of 65 will survive t years.
The accrued pension benefits are recalculated at the retirement age with the quotient of the

forfaitary period and the actuarial factor at retirement. If the actuarial factor is the same as the
forfaitary period the pension payments remain the same. If the actuarial factor is larger than
the forfaitary period, the quotient becomes smaller than one which results in smaller pension
payments.

The goal of this method is that the pension ambition of people with similar accrued pension
benefits is the same. The following formula shows the situation if method 2 is applied at all
accrued pension benefits.
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(An,0

T∏
s=1

(1 + is) +
T∑
t=1

(cn,tBn,t

max{t+1,T}∏
s=t+1

Is)) ∗ FP = PPi ∗ ärn,T

PP = the fixed nominal pension payment
The real pension payments are determined at retirement when ärn,T

is known.

PPi = (An,0

T∏
s=1

(1 + is) +
T∑
t=1

(cn,tBn,t

max{t+1,T}∏
s=t+1

Is)) ∗
FP

ärn,T

This calculated fixed nominal pension payment has to be paid by the pension fund to the retiree
during the retirement period. This method is a fair one because the generation of a partici-
pant and the corresponding expected remaining lifetime at retirement determines the pension
payments.

The forfaitary period and also the actuarial factor used for recalculation are dependent of
the mortality tables and the interest rate. There have to be clear rules to determine these two
periods. For example using an interest rate of 3% in combination with the AG 2010-2060
mortality tables for men gives us a forfaitary period of 14.76 years and an interest rate of 4%
a forfaitary period of 13.50 years. As we can see the interst rate has a lot of impact at the
forfaitary period. To determine the forfaitary period of a fund, the proportions of men and
women in the fund are used. The forfaitary period of a pension fund is then calculated by the
next formula:

FP = pm ∗ FPmen + pw ∗ FPwomen

pm = proportion men in the pension fund
pw = proportion women in the pension fund

According to pension agreement method 2 the forfaitary period of the pension fund is cal-
culated one time for a person of age 65 in 2010 and remains the same during the years. As
we have seen the forfaitary period depends of the mortality table. If the fund specific mortality
table of a pension fund changes, the forfaitary period will also change. This means that pension
funds will not have the same forfaitary period during the years. This can become a problem in
using this method.

4.6 Example of the model of pension agreement method 2
For this example we will look at the same pension fund as before. There are three participants
who reach their retirement age in our example. Participant 1 will reach his retirement age at
T = 1, participant 2 at T = 3 and participant 3 at T = 6. The forfaitary period of the pension
fund is based on its mortality tables, the AG 2010-2060 mortality tables for men, and is 13.50
years. This forfaitary period is calculated by using a person who reaches his retirement age
in 2010 and an interest rate of 4%, this is the same interest rate as used for the discounting of
the future liabilities in our example. Because participant 1 reaches his retirement age in 2010
(T = 1), the value of ä65 for this participant is the same as the forfaitary period which means
the value of his pension payments will not change. The value of ä65 for participant 2 is higher
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than the forfaitary period, it is 13.66. The pension payments of this person will be actuarial
recalculated at T = 3. If method 2 is applied to all accrued pension benefits it will be done for
all pension payments, otherwise it will only be done for the amount of the pension payments
accrued in 2011 and later. The same happens for participant 3 who has an ä65 of 13.88. As
you can see the remaining lifetime from 65 year on increases every year. For participant 4 the
actuarial factor is determined by ä66, because these payments start one year later the factor is
smaller. And for participants 5, 6 and 7 ä67 represents the actuarial factor. Because the model
determines the pension provision per year, we will use the rounded forfaitary period of 14 years
to calculate the pension provision. For the recalculation at retirement the exact forfaitary period
of 13.50 years is used.

To show how the model of pension agreement method 2 works, we will look at the net
present value of the nominal liabilities for the fund at T = 6 if the method is applied to all
accrued pension benefits. At that time there are 3 retirees and 4 actives.

Lnom
6 =

r4,6−a4,6+FP−1∑
j=r4,6−a4,6

(A4,0
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Now the ages, the retirement ages, forfaitary period and ärn,T
for the retirees can be filled in.
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Lnom
6 =

66−60+14−1∑
j=66−60

27, 433
∏66−1

k=60 pk,6+(k−60)

(1.04)j
+
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+
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The results of pension agreement method 2 applied to all accrued pension benefits and only
to new accrued benefits are shown in table 7 in the appendix. Participant 1, 2 and 3 will have
retirement age 65, their retirement ages will not change with method 1 and 2. As we have seen
in the example for method 1, the first method will have no impact on them. But the pension
provision for these three people will change by using pension agreement method 2. As we can
see the pension provision before retirement is a lot smaller with method 2 than with the normal
method. This can be explained by the fact there is used a forfaitary period which is smaller than
the real expected remaining lifetime at retirement because the forfaitary period is an annuity. At
retirement we can see the pension provision increases a lot. From that moment on the pension
provision is calculated with the real mortality rates, just as for the normal method and method
1, and therefore the gap is not very large. The small gap can be explained by the fact that the
amount of the pension payments is recalculated at retirement.

If we take a look at the results for method 2 only applied to new accrued pension benefits we
can see that the impact is larger for younger participants, just as we have seen for method 1. The
gap increases during the years, it does not remain the same which is the effect if the method
is applied to all accrued benefits. If all benefits are recalculated with the forfaitary period it
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will have the same effect every year. If only new accrued pension benefits are recalculated the
effect increases during the years when the accrued benefits from 2011 on become a larger part
of the total accrued pension benefits. In the situation that method 2 is applied to all accrued
benefits we can see that the gap increases in 2011 (T = 2) and 2015 (T = 6), this increase
is not as much as for method 1. The pension calculating age increases with one year in these
years, this has only effect on the pension provision for participants who have not yet reached
their retirement age and are younger than 57 (participant 5, 6 and 7 and participant 4 only in
2011). It means that the forfaitary period starts one year later for these people but the period
remains 14 years. The probability that the participant will reach the retirement age decreases
and therefore the gap increases a bit.
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5 Implementation pension agreement

5.1 Description ALS
The Asset Liability Scenario system (ALS) is a system which is developed by Ortec Finance.
The system is used to perform ALM studies for pension funds with the help of scenario analy-
sis. With an ALM study a pension fund gets more knowledge about the risks and profit of its
pension plan. Besides that, the impact of alternative strategies, pension policies and economic
developments can be evaluated. With the results of the alternatives, pension funds can make
better decisions about pensions, premiums, indexation and its investment policy. The ALS sys-
tem is divided in 5 modules: the liability module, the economic module, the financing module,
the investment module and the ALM module.

The first one, the liability module is the most important one for the analysis of the pension
agreement. In this module the participant file with all information about the current partici-
pants (age, birth date, status, wage etc) is imported. Besides that there are transient tables with
disability probabilities, dismissal probabilities, company growth probabilities, mortality prob-
abilities, career lines etc which have to be established by the pension fund because they are
fund specific. With this information the development of the participants file is simulated. For
every participant a life cycle is simulated: in which year he will retire, if he becomes disabled
or dismissed, the development of his wage, the year he will die etc.

Besides that, the different pension types of the pension fund are added in the liability mod-
ule. For every pension type the pension base, the pension accrual, the pension benefit, the
funding method and the conversion possibilities are determined. To calculate the correspond-
ing net present value of the liabilities of each pension type, a couple of parameters are needed.
The mortality table, age corrections, the marriage frequency table, the interest term structure
and administration costs are important to determine the net present value of the liabilities per
person. Together with the life cycles of the participants the pension benefits, pension payments
and premiums can be calculated for the whole fund.

The second module is the economic module. In this module the future economic scenarios
for the inflation, the returns on different investment categories, the value of different currencies,
yield curves and credits are simulated. A VAR-model is used in this module and the scenarios
are based on historical data.

The next module is the financing module. The agreement regarding indexation and con-
tribution payments are defined in this module. Also the FTK (Dutch regulatory framework)
settings to test the pension policy against the FTK rules are added in this module. This regula-
tion obliges a minimum funding requirement for pension funds. If this requirement is not met,
the pension fund has to introduce recovery measures.

The investment module shows the composition of the investment portfolio. All investment
categories are added in this module together with the adjustment possibilities and characteris-
tics per investment category.

The last module, the ALM module, combines all forgoing modules. Per ALM variant the
information of all modules is used to make risk analysis. After calculating an ALM variant
numeric overviews of results of all simulated scenarios are possible. Examples of results are
indexation, return on assets, premiums, costs, funding ratio etc. With these results a risk de-
composition can be made to identify the main risk drivers. After that, the pension fund can
decide to change its policy to minimize risks.
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5.2 Implementation method 1
To implement the pension agreement method 1 in ALS we have made adjustments in the pro-
gramming code. In the current ALS model there are two locations where the retirement age is
used. The first one is in the life cycle and the second one is in the pension provision. At both
locations the retirement ages of the participants are adjusted to the AOW age.

The life cycle simulates the development of the status of the participants. The retirement
age of participants is needed to switch the status of living participants from active or early
leaver to retiree at their retirement age. The retirement age used in the life cycle is determined
from the participant file. To apply the retirement age of the pension agreement in the simulation
of the life cycles, the retirement ages of the participants are adjusted in the participant file.

The retirement age is also used to calculate the pension provision of the pension fund. The
increasing retirement age means that the pension payments start later and participants who have
not reached the maximum total accrual percentage at age 65 can accrue pension benefits until
their new retirement age. In the screen of the definition of the pension benefit, ’pension accrual
stops at age’ and ’the retirement age of new participants’ is increased from 65 to 67 (figure
28 in the appendix). Besides that there is added an extra option for the norm retirement age
which is used to calculate the pension provision. This new option ’Retirement age according to
pension agreement’ (figure 28) refers to a table with the announced retirement age per calendar
year (figure 29). Just as paT in the model. Besides the table with the adjusted retirement ages a
new window is added for the ’starting age’ which has to be 57 (figure 29). The retirement age
of a participant only changes to the new retirement age if the participant is younger than 57 at
that moment, otherwise it will remain the same. The option is also added at the real retirement
age which means the age at which a participant really retires.

5.3 Implementation method 2
For this method there are also made adjustments in the programming code of ALS. The retire-
ment ages according to this method are the same as for method 1 therefore the adaptations of
method 1 are also used for method 2. There are however two more adaptations needed to cal-
culate the correct pension provision and pension payments. The first adaptation is needed for
the pension provision for participants who not yet reached their retirement age. Their pension
provision is based on the forfaitary period. The second adaptation is the actuarial recalculation
at the retirement age. These adaptations are made in the screen for the tarives (figure 30). The
information filled in in this screen determines the factor which is used for the pension provision.
The pension provision in ALS is calculated by the pension benefits times this factor.

The pension provision of participants younger than their retirement age is calculated by the
fact that if they will reach their retirement age the pension fund will have to pay out as long as
the forfaitary period. After retirement the normal mortality probabilities are used to calculate
the pension provision. To implement this adaptation we have made an extra mortality table
which is used to calculate the pension provision before retirement (figure 30). The new mortal-
ity table has the next values:
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qnt,at =


qt,at ∀t at ≤ rnt − 1

1 for t = 0, ..., 10 + FP at = 65 + FP
1 for t = 11 + FP, ..., 15 + FP at = 66 + FP
1 for t ≥ 16 + FP at = 67 + FP
0 otherwise

rnt =


65 t = 0, ..., 10
66 t = 11, ..., 15
67 t ≥ 16

at = age at time t
rnt = the new AOW age at time t
qnt,at = the new mortality table with mortality probabilities at time t for age at
qt,at = the original mortality table with mortality probabilities at time t for age at

According to the model, for the pension provision of participants who have not yet reached
their retirement, pension funds take into account they have to pay out pension payments to
these people from their retirement age of 65 as long as the forfaitary period. For the mortality
table this means that these people will die at the age of 65 + FP . The people with retirement
age 65 will reach this retirement age in 2019 (t = 10) or earlier and the pension payments will
end in the year 2019 + FP (t = 10 + FP ). For the group of participants with retirement age
66 the pension payments will start one year later which means the forfaitary period will start
at age 66 at t = 12, 13, 14 or 15. The youngest participants will reach their retirement 67 at
t = 17 or later.

The second characteristic of this method is the actuarial recalculation at retirement. There-
fore the exact forfaitary period of the pension fund and the actuarial factor of the participant are
needed. The exact forfaitary period of the pension fund can be filled in in the tarives screen (fig-
ure 30). This is needed for the recalculation factor. The actuarial factor äri,t is determined with
the original mortality table. The programme recalculates the pension payments at retirement
with the recalculation factor.
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6 Results

6.1 Data description and assumptions
To observe the impact of the two different methods of the pension agreements we will use
specific information of two different pension funds. The two pension funds are clients of Ortec
Finance. For the liability, financing and investment modules we will use the fund specific
variants. For the economic module we will use the same variant for both funds, this is the
Ortec economy with starting point december 2009. The assumptions used in this economy are
shown in figure 31 in the appendix. This section shows a further description of the fund specific
data and the assumptions we have made.

The first pension fund is a company pension fund and consists of 787 participants. The
largest part of the participants is active (474 participants) or early leavers (305 participants).
Active people are the current employees of the company. Early leavers are people who have
worked for the company but nowadays they are not working there anymore. They have left the
company before their retirement age and have accrued a part of their pension at the correspond-
ing pension fund. For these participants no new pension benefits will be accrued.

This is a very young pension fund, the average age of the participants is 34.9 and there are
only 3 retirees in 2009. This means that the AOW age will increase for almost all participants.
For 766 participants (97.3%) the AOW age will increase to 66 and for 739 participants (93.9%)
it will further increase to 67 in 2015. The majority of the participants (73.4%) are men. Most
of the participants are high educated which means a high yearly fulltime salary of the active
participants (e49,258). Higher educated people have mostly done a study at a university and
therefore they start working at a higher age. Also for this reason most of the participants have
not already been in this pension fund for a long time.

This fund has an average pay scheme with an accrual percentage of 2.00% over a maximum
of 40 years. Participants accrue their second pillar pension from the age of 21. The salary will
yearly increase with the price inflation. The already accrued pension benefits of the actives and
non actives are conditionally indexed with the price inflation. The mortality probabilities are
fund specific for men and women, according to experiences the participants of this fund will
live longer than an average Dutch person. Therefore the mortality probabilities of this fund are
smaller than the ones representing the Dutch population. The company is expected to grow 3%
every year, this means the number of fulltime equivalents will increase with 3% per year. The
data set of 787 participants is not very large, to make the calculations more exact the data set is
exaggerated with a factor 20.

There are different kinds of pensions for participants of this pension fund. The first one is
the old age pension. The second one is a widowers pension which is 70% of the old age pension.
At the pension age the participants have the possibility to exchange a part of their pension for
a widowers pension. According to the model of this pension fund every married participant
chooses for this exchange possibility. The last pension form is the defined contribution pension,
this is an investment account which is paid out at retirement.

At the end of 2009 the funding ratio of the fund is 103.5%. The premium participants and
employers together have to pay is the cost covering premium. In 2009 the premium is 13% of
the salary of the participant.

The second pension fund is a sector fund, therefore it is a much larger fund which consists of
12,601 participants. The composition of the participants differs a lot from the first fund. More
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Fund 1 Fund 2
Number of participants 787 12,601
- Actives 474 (60.2%) 2,802 (22.2%)
- Retirees 3 (0.4%) 1,761 (14.0%)
- Early leavers 305 (38.8%) 6,683 (53.0%)
- Widowers 3 (0.4%) 1,149 (9.1%)
- Disabled people 2 (0.2%) 206 (1.7%)
Impact AOW age to 66 766 7,162
Impact AOW age to 67 739 6,397
Average age 34.9 50.1
Percentage men / women 73.4% / 26.6% 82.1% / 17.9%
Average fulltime salary of actives 49,258 27,224
Funding ratio 103.55% 100.9%
Net premium 13.0% 14.1%

Table 1: Overview of characteristics of fund 1 and fund 2 at the end of 2009.

than half of the participants are early leavers (6,683 participants) and only 22.2% are actives
(2,802 participants). Furthermore the rest of the participants are retirees (1,761 participants),
widowers (1,149 participants) and disabled people (206 participants). Besides the difference in
the composition of the participants also the age and education level differs a lot. The average
age of this pension fund is 50.1 years which is much higher than we have seen for the first fund.
This difference can be explained by the fact that there are a lot of retirees and widowers. This
means that the increase of the AOW age to 66 will have impact on 7.162 (56.8%) participants,
the second increasing will have impact on 6397 (50.8%). Also in this fund the majority of
the participants are men (82.1%). The participants are lower educated which means a lower
average fulltime salary of actives (e27,224).

The participants accrue an average pay pension from the age of 18 years with an accrual
percentage of 1.75% per year and a total maximum of 100%. The salary is expected to increase
yearly with the wage inflation. The already accrued benefits of the actives are conditionally
indexed with the wage inflation and the benefits of the non actives with the price inflation. The
mortality probabilities are also fund specific for men and women, they are both higher than
the mortality probabilities of the first fund. The sector remains at the same number of fulltime
equivalents.

Also in this fund there are a couple of different pension forms. There is an old age pension
which consists of a premium free part and two old age pensions with different accrual percent-
ages (1.75% and 0.486%). There is also a temporary old age pension for participants who want
to stop working at an earlier age. Instead of the first fund, in this fund the widowers pension is
accrued with an accrual percentage of 1.118%.

The second fund has a funding ratio of 100.9% at the end of 2009. The active participants
and the employer together have to pay 14.1% of the salary in 2009. This premium is a cost
covering contribution.
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6.2 Results old age pension with pension agreement method 1
In this section we will take a look at the results of pension agreement method 1 for the two
pension funds with only an old age pension. We will look at results by using their own mor-
tality tables and using the AG mortality tables 2010-2060. The fund specific tables assume an
adjustment of the AG tables 2005-2050 to better represent the fund specific mortality based
on historical experience. The AG tables 2010-2060 represent the most up-to-date mortality
of the Dutch population. According to the new AG 2010-2060 tables people will live longer
than with the AG tables of 2005-2050. These tables show the impact of the increasing life
expectancy. For fund 1 the mortality probabilities of the new AG tables are even smaller than
the probabilities of fund specific mortality applied to the AG tables of 2005-2050.

Besides that we will show results if the pension agreement will be applied to all accrued
pension benefits and if it only will be applied to pension benefits which are accrued from 2011
on. To evaluate pension agreement method 1 we will look at the pension provision and pension
payments.

Figure 8: Pension provision with pension agreement method 1 for Fund 1 with only the old age
pension.

First we will look at the pension provision of the old age pension without exchange pos-
sibility (figure 8). In the appendix, table 8 also represents the results, it shows the changing
percentages of method 1 over time. There is only a small difference between the pension pro-
vision with the fund specific mortality tables and the AG tables. Because the mortality tables
of the second variant are smaller, participants will live longer according to the most up-to-date
mortality rate which means a higher pension provision is needed.

As we can see the pension provision in year 0 is the same for the normal method and method
1. This is because the pension benefits of all participants are imported from the participant
file. As already mentioned in section 5.2, to change the retirement age for method 1 another
participant file is needed. The small difference of the pension provision in year 1 (-0.27% and
-0.09%) can be explained by different simulations of the participant life cycles.
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In year 2 (2011) we can see a difference of 1.38% between the pension provision of the
normal method and method 1 applied to new accrued benefits for the fund specific mortality
tables. If we use the AG tables the difference will be 1.68%. As already mentioned in section
5.2, this is the impact of the announcement of the increase of the AOW age. In 2015 the next
announcement of the increase of 66 to 67 results in another decrease of the pension provision
for the pension fund. The difference between the methods increases to 5.99% for the fund
specific mortality tables and 5.72% for the AG tables. If method 1 will be applied to all accrued
pension benefits, the impact will be larger, 12.56% for fund specific tables and 12.08% for the
AG tables.

From 2027 on we can see the gap between the methods decreases in both situations (table
8). This transition point can be explained by the fact that the part of the retirees in the total
participant file increases. The part of the participants who is retiree increases from 0.4% in
2009 to 5.0% in 2034. If method 1 is applied to all accrued benefits, from the moment a
participant has reached his retirement age the pension provision is the same for method 1 as
for the normal method. This is because the level of the pension payments remains the same.
Only if the participant has accrued 2% or 4% more pension benefits the pension provision from
the retirement age on will be a bit higher. If the first method is only applied to new accrued
benefits, for retirees with a retirement age higher than 65, the pension provision will be a bit
higher than for the normal method. The already accrued benefits will be actuarial recalculated
at retirement which means a higher level of payments if the payments start at age 66 or 67
instead of 65 (figure 5). For these recalculated benefits a higher pension provision is needed
than for the normal methods. This also explains the smaller change for method 1 only applied
to new accrued benefits.

Figure 9: Pension payments with pension agreement method 1 for Fund 1 with only the old age
pension.
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We will also look at the pension payments of the old age pension of pension fund 1 in
figure 9 (table 9). These graphes are not very fluent but they show shocks at some moments,
this can be explained by the fact that there are not many retirees in this fund. From 2020
the impact at the pension payments is clearly visible. In 2020 and 2025 there will be no new
retirees which means no extra pension payments in comparison with the expected payments in
2019. The small increase of the pension payments in 2020 in comparison with 2019 can be
explained by the indexation of the pension benefits. In 2019 there will be 19 retirees according
to the simulations, in 2020 there would be 3 new retirees but with the new retirement ages
they would retire one year later. These participants have been active for a longer time than the
first retirees and therefore they will have higher pension benefits. From 2020 on there are less
retirees according to the normal method because the payments start at the age of 66 instead of
65. In 2025 there is a new shock, in that year there also will be no new retirees. From that
moment the retirement age is 67 which means the number of retirees reduces again.

As we can see there is not much difference in the payments according to method 1 applied
to all accrued benefits (-36.89% for fund specific tables in 2025) or only to new benefits (-
35.30%). Because this is a young fund the largest part of the pension benefits of people who
retires in 2021 or later are accrued after 2010. Therefore the impact on the pension payments is
more or less the same for this fund. The pension payments according to the AG mortality tables
are higher than the payments with the fund specific tables because of the higher life expectancy.
This is the same as we have seen for the pension provision.

Figure 10: Pension provision with pension agreement method 1 for Fund 2 with only the old
age pension.

Now we will have a look at the results for fund 2, the fund with older participants. Also for
this fund we take a look at the results using the fund specific tables and the AG tables 2010-
2060. As already mentioned the fund specific mortality probabilities of this fund are larger than
the probabilities of an average Dutch person. The fund specific mortality rates are also higher
than the new AG tables and therefore the pension provision with fund specific tables is smaller.
Figure 10 shows the pension provision of this fund. In 2011 we can see the first decreasing
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of the pension provision. Because the change in AOW age has only impact on 56.84% of the
participants, the impact on the pension provision is smaller than for fund 1. On the other hand
the participants of fund 2 are older than those of fund 1 which means that fund 2 will have to
start paying pension payments earlier than fund 1. For example for a person born in 1960 the
payments will start in 2027 but for a person born in 1980 they will start in 2047, both at the
retirement age of 67. This means that the probability the first person will reach its retirement
age is larger than for the second, younger person. Therefore the needed pension provision
changes more for the first, the older person. We can conclude that in proportion to the impact
of the increasing AOW age for one participant of fund 1, the impact of one participant of fund
2 will be larger. The results in table 10 in the appendix also show this if the pension provision
for all accrued benefits would be recalculated in 2011. The impact for fund 2 is ( 4.22

6.28
100% =

) 67.20% of the impact of fund 1 with the fund specific tables and ( 4.04
6.41

100% = ) 63.03% with
AG tables. The part of the participants of fund 2 for who the AOW will increase is ( 56.84

97.33
100%

= ) 58.40% of the part of the participants of fund 1. Therefore it has more impact for fund 2.
If the pension agreement is only applied to new accrued benefits the opposite happens. In

that case we see the gap is a lot smaller (-0.19% and -0.17%) for pension fund 2. This can be
explained by the fact there are also a lot of early leavers in this fund who will not accrue new
pension benefits and the older people already accrued the largest part of their pension benefits.
Therefore there are less new accrued pension benefits in comparison with fund 1. Also when
we take a look at the ratio of difference of the impact for all benefits or only new benefits (∆all

∆
).

We can see that the impact on older participants is smaller in the situation that method 1 is only
applied to new accrued benefits. For fund 1 this ratio is on average from 2010 to 2034 1.81,
but for fund 2 the difference is much larger, the ratio is on average 6.05. The gap between the
pension provision of the normal method and method 1 increases until 2027, from 2027 on the
gap decreases, we have seen this already for fund 1. For the second fund the part of retirees
increases from 14.0% in 2009 to 30.0% in 2034.

The results of the pension payments for fund 2 are shown in figure 11. As we can see the
pension payments of fund 2 show a more fluent growth because of the larger and older number
of participants. In 2020 the pension payments will be 12.38% and 12.26% (table 11) smaller
with pension agreement method 1 applied at new accrued benefits instead of the normal method.
This gap is a lot smaller than we have seen for fund 1. As already mentioned the number of
retirees of pension fund 2 is larger. With the normal method there would be 47 new retirees in
2020 and there already are 3364 retirees in 2019, this is a smaller part of the retirees than for
fund 1. In 2025 the gap increases further to 18.14% and 17.71%. If method 1 is applied to all
benefits the gap will be a bit larger especially on the long term.

42



Figure 11: Pension payments with pension agreement method 1 for Fund 2 with only the old
age pension.

6.3 Results old age pension with pension agreement method 2
In this section we will discuss the results of pension agreement method 2. Because there are
no strict rules to determine the forfaitary period we will use a forfaitary period of 15 years to
calculate the results for the two pension funds. To compare the results of both funds we take
the same forfaitary period for both.

First we will look at the results of the pension provision of fund 1 with only the old age
pension in figure 12. The first important point we can conclude is the fact that pension agree-
ment method 2 applied to all accrued benefits gives more or less the same pension provision for
fund 1 with fund specific and AG mortality tables. This can be explained by two reasons: the
forfaitary period which is used is the same for the fund specific tables as for the AG tables and
there are not many retirees. The largest part of the participants is not yet a retiree. As we have
seen in section 4.6 the pension provision of these participants is determined with the forfaitary
period. Only for retirees the provision for the pension payments for their remaining lifetime is
based on the real mortality table. The only difference in pension provision for participants who
are not yet a retiree with the fund specific tables and the AG tables is caused by the different
probability that participants reach their retirement age.

In table 12 in the appendix a total overview of the results is attached. The pension provision
needed according to the second method is a lot smaller than the pension provision according
to the normal method. If we will apply method 2 to all accrued benefits they will already be
recalculated in year 0 which means from that moment on a smaller pension provision. If the
method is only applied to new accrued benefits we will see a smaller change from 2010 on. The
gap between the methods is the largest for the pension provision with AG tables. The remaining
lifetime according to the new AG tables is larger than for the fund specific tables. Just as for
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Figure 12: Pension provision with pension agreement method 2 for Fund 1 with only the old
age pension.

pension agreement method 1 the gap clearly increases in 2011 and 2015.
If the method is applied to all accrued benefits the gap decreases from 2020 on, if it is

only applied to new benefits we can see the gap increases further. As we have noticed earlier
the participants become older and the number of retirees increases during the years. From the
retirement age on the real mortality tables are used to calculate the pension provision which is
the same as using the normal method but for another amount of pension payment. When the
proportion of retirees increases, the gap decreases. We have seen this already in the example
of section 4.6 where the gap decreases for participants who retire. In table 12 we can also see
this in the situation that method 2 is applied to all accrued benefits. If the method will only be
applied to new accrued benefits it will have less effect if participants will reach their retirement
age because only for a small part of their benefits the pension agreement method is applied.

We use the same forfaitary period the next 25 years, this means the real remaining lifetime
will differ more from the forfaitary period during the years. Only the increasing retirement
age to 66 and 67 decreases the remaining lifetime of participants after retirement. The ratio
between the effect of method 2 only applied to all accrued benefits and to all benefits is on
average 1.96 for the fund specific mortality tables, which is only a bit larger than for method 1.

The next results which are discussed are the pension payments according to pension agree-
ment method 2. In figure 13 we can see the impact of pension agreement method 2. Before
2020 the pension payments differ a couple of percentages of the payments according to the nor-
mal method. Because the number of retirees and the amount of payments are relatively small
and fluently the first years, the pension payments of both methods differ during the first years
just as we have seen for method 1. The difference in the situation that method 2 is applied to all
accrued benefits is bit a larger because of the recalculation of the pension payments from 2010
on. The actuarial factor at retirement is a bit larger for both mortality tables than the forfaitary
period of 15. This can be concluded from table 13 because the gap of the pension payments
of this method is a bit larger than the gap of method 1. This means that the pension payments
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Figure 13: Pension payments with pension agreement method 2 for Fund 1 with only the old
age pension.

from retirement would be smaller than the pension payments according to the normal method.
In 2020 en 2025 there will be no new retirees which increases the gap, as we have already seen
in the results of pension agreement method 1.

Figure 14: Pension provision with pension agreement method 2 for Fund 2 with only the old
age pension.
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Now the results for fund 2 will be discussed. In figure 14 it is clear that the pension provi-
sion according to method 2 applied to all accrued benefits differs a lot from the normal method.
Furthermore the shocks in 2011 and 2015 are clearly visible. Because this is an older fund with
more retirees we can see that the gaps between the pension provision of the normal method and
pension agreement method 2 are smaller than we have seen for the first fund in both situations.
The more retirees the smaller the gap as we have seen in the example of section 4.6. Besides
the number of retirees we know that the active participants of fund 2 are older than the actives
of fund 1. For both funds the forfaitary period is 15 years which means a larger gap in expected
remaining lifetime between the forfaitary period and the actuarial factor for younger partici-
pants. Also the remaining lifetime for a person who retires in 2010 is smaller for a person of
fund 2 than for fund 1. Therefore the second method will also have less impact for fund 2 in
comparison with fund 1 for active participants. As we will look at the second method applied
to new accrued benefits the differences will be -2.69% and -4.01% in 2015 (table 14 in the
appendix). Just as for method 1 the difference between method 2 applied to only new accrued
benefits and to all accrued benefits is larger than for fund 1. The ratio over 2010 until 2034 is
6.16 for the fund specific tables.

Figure 15: Pension payments with pension agreement method 2 for Fund 2 with only the old
age pension.

The pension payments of fund 2 are shown in figure 15. An obvious point we can see
immediately is that the pension payments increases the first 15 years by using this method for
all accrued benefits in comparison with the normal method. In contrast with the other method
and the other fund this will be negative for this fund with only an old age pension. During
the years there are a lot of participants in this fund who will reach their retirement age. At
the moment these participants will reach their retirement age, the calculated actuarial factor
is smaller than 15. For example a man who reaches his retirement age in 2010 will have an
actuarial factor of 13.13 years and a woman 14.03 years by using the fund specific mortality
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tables and an interest rate of 4%. The used forfaitary period is 15 years and is therefore 1.14
/1.07 times the actuarial factor. This means that the recalculated pension payments of these
participants will be 14% / 7% higher than the pension payments with the normal method. The
actuarial factor according to the AG tables will be larger than the one according to the fund
specific rates. Therefore the recalculated pension payments with the AG tables will be a bit of
lower than the one with the fund specific mortality tables. This results in a smaller effect for
method 2 using the AG tables. If the second method is only applied to new accrued benefits
the effect is very small, 0.03% and 0.02% in 2010, because only a small part of the pension
payments will increase.

6.4 Results for all pension types of pension fund 1
In this section the results for the whole pension plan (not only the old age pension but also the
other pension types) of fund 1 are discussed. Because the pension agreement will probably
only be applied to new accrued pension benefits from 2011 on, we will only show these results.
First we have a look at the progress of the pension provision.

Figure 16: Changes in pension provision of pension fund 1.

Figure 16 shows the changes of both methods in comparison to the pension provision using
the normal method. In 2011 we can see the pension provision of both methods is smaller
than the normal method. For pension agreement method 2 the changes are larger, this method
has more impact, as we have already seen in section 6.3. The gap increases slowly during the
years, in 2015 the second increase of the AOW age is announced which means a higher pension
calculating age. At that moment the gap makes a jump for both methods. During the years the
increase of the gap continues. Over time the gap of method 2 with the AG tables is larger
than the gap for the fund specific tables. As we have seen earlier this can be explained by the
fact that people will live longer according to the new AG tables. If the forfaitary period of 15
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years is used to calculate the pension provision, the difference between the remaining lifetime
according to the mortality table and the forfaitary period is the largest for the AG tables.

The changing of the pension provision has a lot of impact on the funding ratio. This ratio
shows the net present value of the assets divided by the net present value of the liabilities.
The decreasing pension provision therefore results in an increasing funding ratio. Figures 32,
33 and 34 in the appendix show the funding ratio and its uncertainty for the normal method
and both pension agreement methods applied to new accrued benefits, using the fund specific
mortality tables. The red line shows the average funding ratio over all 1000 simulations, the
yellow lines are the scenarios. The larger the yellow cloud around the average line, the larger
the uncertainty about the funding ratio. The cloud above the average line is larger then the
cloud below. This means the scenarios with a larger funding ratio than the average are more
distributed than the scenarios below the average funding ratio. For all methods we can see
an increasing funding ratio in the beginning, after a couple of years the increase stops and
the funding ratio decreases slowly. For both pension agreement methods we can see a small
shock in 2015 when the pension calculating age increases to 67, this has a positive effect on
the funding ratio. At that moment the pension provision for all accrued pension benefits from
2011 on will be recalculated with the pension calculating age of 67 instead of 66. In 2011 the
pension calculating age is already increased to 66, this effect is not so large because it has only
impact on pension benefits accrued in 2011.

Figure 17: Distribution funding ratio of fund 1 in 2011.

As we have seen, the increasing pension calculating age in 2011 and 2015 have a lot of
impact at the funding ratio. Therefore we will have a look at the distribution of the scenarios
of the funding ratio in 2011 and 2015 for the same methods as above. Figure 17 shows the
results for 2011. The distributions of the funding ratios of the pension agreement methods are
a bit more to the right side, the red and green line are mostly on the right side of the blue one.
This means the simulated funding ratios have higher values. As we can also see the funding
ratios of the three methods are not normally distributed. The scenarios with a higher funding
ratio are more distributed, the tail on the right side is longer than the left one. Therefore we can
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conclude that all distributions are skewed to the right. We have seen this already in the figures
32, 33 and 34 where the cloud above the average line is bigger than the one below. The funding
ratios are distributed between 75% and 205%.

Normal Method PA Method 1 PA Method 2
Average 124.55% 125.92% 129.55%
Sigma 19.74% 19.95% 20.13%
25% percentile 110.79% 112.44% 115.62%
Median 122.51% 123.89% 127.55%
75% percentile 137.61% 139.65% 142.85%
Prob (Funding Ratio<90%) 0.027 0.024 0.014
Prob (Funding Ratio<100%) 0.094 0.081 0.056
Prob (Funding Ratio<105%) 0.161 0.143 0.101
Prob (Funding Ratio<124.55%) 0.537 0.505 0.433

Table 2: Overview of the characteristics of the funding ratio distribution of fund 1 in 2011.

In table 2 we can see an overview of the characteristics of the funding ratio distributions in
2011. The average funding ratio increases by applying one of the pension agreement methods.
The standard deviation increases also a bit which means more uncertainty. The median of the
simulated funding ratios has a lower value than the average, this also shows the skewness to
the right. The probability of underfunding in 2011, Prob (Funding Ratio<100%), decreases
with both methods of the pension agreement. Furthermore we can see that the probability that
a simulated funding ratio is smaller than the average funding ratio according to the normal
method, Prob (Funding Ratio<124.55%), is smaller for both pension agreement methods.

Figure 18: Distribution funding ratio of fund 1 in 2015.
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The distribution of the funding ratios in 2015 is shown in figure 18. In comparison to 2011
the interval of the values is increased which means more uncertainty about the funding ratios.
In 2015 the values of the simulated funding ratios are between 50% and 330%.

Normal Method PA Method 1 PA Method 2
Average 136.64% 143.12% 149.67%
Sigma 36.71% 38.41% 37.89%
25% percentile 110.91% 116.32% 122.94%
Median 133.96% 140.37% 147.30%
75% percentile 157.54% 165.46% 172.16%
Prob(Funding Ratio<90%) 0.081 0.065 0.039
Prob(Funding Ratio<100%) 0.151 0.115 0.077
Prob(Funding Ratio<105%) 0.191 0.153 0.107
Prob(Funding Ratio<136.64%) 0.543 0.459 0.388

Table 3: Overview of the characteristics of the funding ratio distribution of fund 1 in 2015.

Table 3 also shows the larger intervals of the funding ratios, because the standard deviation
is almost two times the standard deviation of 2011. The percentiles show the same effect,
there is a larger gap between the 25% percentile, the median and the 75% percentile. In 2015
the probability of underfunding is larger than in 2011 because of the larger uncertainty. The
gap between the average funding ratio of the two pension agreement methods and the normal
method is larger in 2015 than in 2011. This can be explained by the decrease of the pension
provision in 2015 (figure 16).

Figure 19: Changes in funding ratio of pension fund 1.

For pension funds it will have many impact if the pension agreement methods will be ap-
plied to all accrued pension benefits or only to new accrued pension benefits. Figure 19 shows
the impact on the funding ratio for both methods in both situations. As we have seen already in
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the figures of the distribution of the funding ratio it will increase over time. If both methods are
applied to all accrued pension benefits the impact will be larger mainly in the first years. The
size of the increasing differs per pension method. Looking at the impact in the situation that
the pension provision for all accrued pension benefits are recalculated, the pattern looks like
the same for both methods. In 2011 and 2015, the gap between the funding ratio of the normal
method and the pension agreement methods increases. If we look at the results when the meth-
ods are only applied to new accrued benefits, the increases in 2011 and 2015 are smaller. In
the beginning both methods will have more effect when they are applied to all accrued pension
benefits but on the long term the gap decreases. Because this is a young fund most pension
benefits will accrue in the upcoming years, the pension provision for these new benefits will be
calculated with the pension agreement methods in both situations.

As already noticed the funding ratio depends on the net present value of the liabilities
and the net present value of the assets. The percentage of the increase of the funding ratio
is therefore connected to the decreasing percentage of the pension provision in figure 16. The
change of the funding ratio is only caused by the change of the liabilities, the value of the assets
will remain the same. The impact of method 1 at the pension provision is around -6% in 2020
and -13% for method 2. The funding ratio will increase with almost these percentages. The
larger the initial funding ratio, the smaller the effect of the decreasing pension provision will
be at the funding ratio. For a large funding ratio also indexation will take place, because of
indexation the funding ratio will not increase further.

Figure 20: Changes in the cost covering contribution of pension fund 1.

The changes in the cost covering contribution during the years are shown in figure 20. As
we can see the pension agreement methods have a large impact on the contribution. Because of
the increasing retirement age, the total costs for the pension fund decrease. The shocks in 2011
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and 2015 are clearly visible. As we have also seen in the figure of the funding ratio, the second
method has the most impact.

Figure 21: Results of the pension agreement methods applied to new accrued benefits for pen-
sion fund 1.

Another important result of the methods of the pension agreement would be the improved
financial situation of the pension funds. Figure 21 is an overview of the averages over 15 year.
Applying pension agreement method 1 or 2 for new accrued pension benefits, the funding ra-
tio will increase. This means a higher average value over 15 years and for both methods the
probability of underfunding decreases. As we have already seen the cost covering contribution
will decrease for both pension agreement methods. In almost all simulations the cost covering
contribution will be larger than the net premium, because the maximum net premium of the
pension fund is 15%. For participants the indexations of their pension benefits is also an impor-
tant point. The more indexation they get the better their buying power will be. If participants
receive no indexation in a year, their buying power will decrease because of price inflation. For
this pension fund the indexation of inactives (retirees and early leavers) increases a bit.

6.5 Results for all pension types of pension fund 2
Just as for pension fund 1 here are the results for pension fund 2 if both methods of the pension
agreement are only applied to new accrued pension benefits.

Figure 22 shows the changes of the pension provisions with both methods applied to new
pension benefits. The pattern looks like the same as the changes in pension provision for
pension fund 1 (figure 16). Only the gaps are smaller than for fund 1, as we have seen earlier
for the results of only the old age pension. The effect of the pension agreement methods for the
whole pension plan is larger than we have seen for only the old age pension.

Further we are going to look at the distribution of the funding ratio over time. In the ap-
pendix we show the distributions for the three methods: the normal method (figure 35), method
1 (figure 36) and method 2 (figure 37) applied to new accrued pension benefits using the fund
specific mortality tables. During the years the uncertainty of the funding ratio increases. The
simulated funding ratio with a value larger than the average funding ratio are more distributed
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Figure 22: Changes in pension provision of pension fund 2.

than the ones with lower values. This phenomenon we have also seen for pension fund 1. At
the end we can see for some scenarios very high funding ratios. These scenarios are connected
to extreme economic scenarios.

Figure 23: Distribution funding ratio of fund 2 in 2011.

Also for this fund we will discuss the distribution of the simulated funding ratios. Figure
23 shows the distributions in 2011. The simulated funding ratios are between 65% and 165%,
a smaller interval than for fund 1. The simulated funding ratios of method 1 and 2 are a bit
higher than the one corresponding to the normal method. The red and green lines are mostly a
bit higher on the right side than the blue ones.
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Normal Method PA Method 1 PA Method 2
Average 113.13% 113.92% 114.69%
Sigma 13.71% 13.79% 13.81%
25% percentile 103.81% 104.51% 105.25%
Median 112.20% 113.01% 113.79%
75% percentile 121.66% 122.47% 123.26%
Prob(Funding Ratio<90%) 0.039 0.035 0.034
Prob(Funding Ratio<100%) 0.158 0.145 0.131
Prob(Funding Ratio<105%) 0.282 0.262 0.239
Prob(Funding Ratio<113.13%) 0.524 0.501 0.477

Table 4: Overview of the characteristics of the funding ratio distributions in 2011.

Table 4 shows an overview of the average, standard deviation, percentiles and probabilities.
In this table we can see that the average funding ratio will increase by using one of the two
methods of the pension agreement. Also the percentiles show that the whole distribution of the
funding ratios will have larger values than the one with the normal method. In comparison to
the first fund the increase of the average funding ratio and the uncertainty are smaller. When
we take a look at the probability of underfunding, Prob (Funding Ratio<100%), it decreases.

Figure 24: Distribution funding ratio of fund 2 in 2015.

Now we are going to look at the situation in 2015. As we can see in figure 24 the simulated
funding ratios are distributed over a larger interval, 75% until 215%. This interval is also
smaller than the one we have seen for fund 1. These funding ratios are also not normally
distributed but skewed to the right, just as in 2011.

Also in table 5 we can see that the average funding ratio increases with both methods of the
pension agreement and the uncertainty increases. The probability that a simulated funding ratio
of method 1 or 2 is smaller than the average funding ratio with the normal method is less than
0.5. This means that more than half of all simulated funding ratios with a pension agreement
method will be larger than the normal average funding ratio.

54



Normal Method PA Method 1 PA Method 2
Average 127.11% 129.89% 131.89%
Sigma 21.27% 21.82% 21.92%
25% percentile 112.54% 114.59% 116.71%
Median 125.07% 127.63% 129.40%
75% percentile 140.15% 143.15% 144.97%
Prob(Funding Ratio<90%) 0.025 0.018 0.011
Prob(Funding Ratio<100%) 0.095 0.075 0.063
Prob(Funding Ratio<105%) 0.139 0.118 0.100
Prob(Funding Ratio<127.11%) 0.535 0.493 0.452

Table 5: Overview of the characteristics of the funding ratio distributions in 2015.

Figure 25: Changes in funding ratio of pension fund 2.

Also for fund 2 we will have a look at the impact of the pension agreement on the funding
ratio if it will be applied to all accrued pension benefits. Figure 25 shows the results. The
funding ratio of pension fund 2 is 100.9% in 2009. During the years the funding ratio increases
as we have seen in figure 36 and figure 37 in the appendix. The size of the increase differs per
pension method. Looking at the impact in the situation that all accrued pension benefits are
recalculated, the patterns look like similar. If pension agreement method 2 will be applied to
all accrued pension benefits it will not have a very positive effect for example in 2014. In figure
15 we have already seen that the pension payments will increase the first years by applying
method 2 at all accrued benefits. This will also have impact on the funding ratio. If the second
method is only applied to new accrued benefits it will have a positive impact. For method 1 the
impact is smaller. At a total level we can see that the impact of all methods is smaller than for
fund 1.

The impact of the pension agreement for new accrued benefits on the cost covering con-
tribution is shown in figure 26. Both methods show a lower contribution than the contribution
according to the normal method. During the years the gap increases and it is not very stable.
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Figure 26: Changes in the cost covering contribution of pension fund 2.

Figure 27: Results of the pension agreement methods applied to new accrued benefits for pen-
sion fund 2.

Figure 27 gives an overview of the average results over 15 years. First we will have a
look at the solvability of the fund with the three different methods. Pension agreement method
2 results in the highest average funding ratio. Also the risks of this method, the probability
of underfunding, are the lowest for this method. The mean net premium and cost covering
contribution decreases by using one of the two pension agreement methods. For the second
method the net premium is almost in all scenarios higher than the cost covering premium. We
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can say that for this method the costs are the lowest and the risk that the net premium is too low
to cover all costs, is very low. With the pension agreement methods the indexation for actives
as well as inactives increases a bit. This is an improvement for all participants.
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7 Summary, conclusions and recommendations
In this master thesis the increasing life expectancy is the central point. The longer people live
the higher the costs for the AOW and the second pillar pensions will be. Two other problems
which arise from the increasing life expectancy are the ageing of the population and the resis-
tance of pension funds against financial shocks. These problems and the bad financial positions
of pension funds brought on a lot of discussion about the future proofing of the Dutch pension
system.

The government came with the first measure to save the first pillar pensions: an increase
of the AOW age to 66 in 2020 and 67 in 2025. In response to this the Social Partners reached
an agreement in June 2010. With this agreement they want to make the second pillar pensions
more future proof and respond to the increasing AOW age. Not further increasing pension costs
and a stable premium are the main goals of the Social Partners. The changes of the agreement
have to be clear for participants, that way that the expectations about their pension at retirement
will not be incorrect. Besides this agreement, there are also discussions nowadays to change
the pension contract and make the pension benefits partly unconditional and partly conditional.
These measures will decrease the pension costs further. The two different methods presented in
the pension agreement are modeled in this thesis. We have looked at the consequences of both
measures for two different pension funds in two situations. The consequences are discussed for
a couple of variables.

The first and most important one is the pension provision, which is the net present value
of the pension liabilities. The initial value is much larger for fund 2 than for fund 1 because
the fund is larger and has older participants. During the years the pension provision increases
for both funds because of the increasing pension liabilities and higher age of participants. The
introduction of the pension agreement methods will lead to lower future pension provisions
than the current method. If the methods are applied to all accrued pension benefits it will have
more impact on the short term than applying it to only new accrued benefits from 2011 on. In
the last situation only the new accrued pension benefits from 2011 on will be valued according
to the new retirement age and the old accrued ones will be valued at the old retirement age
of 65. In 2011 and 2015, the years in which the announcements of the increase of the AOW
age will take place, we can clearly observe the impact of both methods. The decrease of the
pension payment period has a significant impact on the pension liabilities and therefore also on
the pension provision.

We can also conclude that the impact of the methods depends on the composition and the
development of the pension fund. First we take a look at method 1, where the retirement age
is adapted to the announced increased AOW age. If we look at the situation that method 1
is applied to all accrued pension benefits the impact for an older participant whose retirement
age increases is larger than for a younger participant whose retirement age increases. The total
impact is larger for the younger fund, but if we only look at the part of the participants whose
retirement age increases, the impact is larger for the older fund. If we take the situation that
method 1 is only applied to new accrued benefits, the opposite happens: it has relatively more
impact for a younger fund. For most of the younger participants the new accrued benefits are a
larger part of their total accrued benefits than for older people. Therefore the difference between
the pension agreement methods applied to all accrued benefits and only to new accrued benefits
is the largest for the oldest fund.

In pension agreement method 2, the increasing retirement age as well as the recalculation
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with the forfaitary period brings on changes in the pension provision. If method 2 is applied
to all accrued pension benefits the recalculation of the pension provision according to the for-
faitary period starts immediately. This only happens for provisions of people who have not yet
reached their retirement age in 2009. In the situation that the second method is only applied to
new accrued benefits the recalculation starts in 2011. The impact of the change of the pension
provision depends on the forfaitary period used. This period is determined using the mortality
rate and a fixed interest rate. The chosen interest rate has a lot of impact on the forfaitary period.
Therefore the changes of the pension provision are also very dependent on the chosen interest
rate. The larger the interest rate the smaller the forfaitary period and the larger the impact.

To look at the impact of method 2 we can make a distinction between the pension provision
before retirement and from retirement on. It could be that method 2 has a positive impact on
the pension provision before retirement but a negative impact on the provision after retirement.
If the forfaitary period is smaller than the expected remaining lifetime at retirement for people
who have not yet reached their retirement age, this will result in a decrease of the pension
provision for these participants. For people who reach their retirement, the pension provision
will decrease if their remaining lifetime annuity at retirement is larger than the forfaitary period.
In this situation their pension payments will be reduced which means a smaller corresponding
pension provision. If the remaining lifetime annuity at retirement is smaller than the forfaitary
period the pension payments and also the provision will increase. The total impact is the
combination of the impact on retirees and on actives and the proportions of both groups.

In our results we have used a forfaitary period of 15 years and fund specific mortality tables.
For the youngest fund, fund 1, we have seen that the total impact of method 2 is positive,
the pension provision decreases with method 2. This is mainly a result of the large part of
participants who have not yet reached their retirement age. Their pension provision decreases
because the forfaitary period is smaller than the expected remaining lifetime at retirement. For
the small number of retirees the recalculated payments are larger than the original ones. This
has a negative impact for fund 1 but because this is a very small part of the total fund the
impact of method 2 on the whole fund is positive. For fund 2, the fund with older participants,
the same happens for retirees and for participants who have not yet reached their retirement
age as for these participants in fund 1. Because of the higher age of the participants and the
other composition of the fund the total impact is smaller. The participants of fund 2 are not
only older than the ones of fund 1 but also their remaining lifetime at retirement is smaller. For
participants who reach their retirement this means a larger gap between the forfaitary period
and the annuity at retirement. For participants who have not yet reached their retirement age
the gap between the expected remaining lifetime at retirement and the forfaitary period will
be smaller. The part of retirees is larger than for fund 1 and the participants who are not yet
a retiree are older than for fund 1. Also for this method we can conclude that the difference
between the impact of method 2 only applied to new accrued benefits and to all benefits is
larger for the oldest fund.

We have also looked at the pension provision if the AG 2010-2060 mortality tables are used
instead of the fund specific ones. For both funds the fund specific mortality rates result in a
lower life expectancy. The life expectancy of the second, lower educated, fund is smaller with
the fund specific tables than the one of the first fund. In the normal method there is a larger
amount of pension provision needed if the AG 2010-2060 tables are used. The increasing re-
tirement age of method 1 has relatively less impact on the provision according to the AG tables.
The impact of the second method depends on the forfaitary period. As we have explained above
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it can have positive or negative impact for the pension provision. The pension provision for par-
ticipants who are not yet retired decreases more, but the payments for participants who retire
from 2010 on will increase less than with the fund specific tables. Over all the impact on the
pension provision is larger for the AG tables than for the fund specific tables.

Besides the impact of both methods on the pension provision it has also impact on the pen-
sion payments. The impact is larger for the younger fund for both methods in both situations.
This can be explained by the fact that there are not yet many retirees before 2020. The partic-
ipants who retire in 2020 in the normal method are a larger part of the total number of retirees
than for the older fund. As we have noticed earlier the part of the participants whose retirement
age will change is smaller for the older fund. Looking at the difference between the impact if
method 1 is applied to all benefits or only to new benefits, we can conclude that the difference
is larger for the older fund. This is the same as we have seen for the pension provision and
can be explained by the fact that the older participants accrue less new pension benefits than
the younger participants. For pension agreement method 2 the impact for the younger fund is
also larger. The part of the retirees who get a recalculated pension payment is larger for this
fund than for the older fund. For the younger fund the difference between the second method
applied to all benefits and to only new benefits is larger than for fund 2 just as for method 1.

The changes of the pension provision and pension payments have also impact on other
variables. The next variables are also discussed in this master thesis: the funding ratio, the cost
covering contribution, the probability of underfunding and indexation. Because of the change
of the pension provision the market value of the liabilities decreases and therefore the funding
ratio increases for both pension agreement methods. The decreasing pattern of the pension
provision corresponds with the increasing pattern of the funding ratio. The higher funding ratio
also results in a smaller probability of underfunding which is positive for pension funds. If we
have a look at the probability of underfunding in 2011, 2015 and over a period of 15 years,
we can conclude that the probability of underfunding is significantly smaller with both pension
agreement methods.

The indexation of pension liabilities depends on the funding ratio, the higher the realized
funding ratio the larger the possibilities for indexation of accrued pension benefits. Pension
funds distinguish between the indexation for actives and inactives. Looking at the average
indexation percentages over 15 years, we can see it is an improvement for actives as well
as for inactives. This variable shows the positive impact of the pension agreement methods
for participants. Besides a larger indexation percentage both methods also have impact on
the cost covering contribution. As we have seen the amount of the pension provision and the
pension payments decreases (with exception of the payments of method 2 applied to all accrued
benefits for fund 2). This means the total costs for the pension fund decrease. The cost covering
contribution decreases for both pension agreement methods.

We can conclude that both pension agreement methods have a significant impact on pension
funds. Both methods are effective to implement the increasing life expectancy of the partic-
ipants. The goals of the pension agreement, not further increasing costs for pension funds, a
premium at a stable level and more resistance against financial shocks are realized with both
methods in the upcoming years. For pension agreement method 1 the retirement age has to
increase further after 2025 to keep the pension costs at the same level. The life expectancy will
also increase further from that moment. In pension agreement method 2 the further increase
of the life expectancy is already implemented by the recalculation of the pension payments at
retirement. Therefore this method is more effective over time. On the other hand the impact of
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method 2 depends much on the chosen forfaitary period.
For the two pension funds we have discussed, we have seen that the impact depends on the

question what will be done with the already accrued pension benefits. For an older fund with
participants who have already accrued the largest part of their pension benefits, the impact will
be a lot smaller if the pension agreement will not be applied to already accrued benefits. Also
the current age of the participants influences the impact of the methods. Only for participants
born from 1955 on, the retirement age will increase and the retirement period will decrease.
For older participants the increasing retirement age has no impact. The impact of the second
method will also depend on the fund specific increasing life expectancy. The larger the increase
of the life expectancy, the more impact it has.

The decreasing costs for pension funds will be visible from 2011 on in the pension provi-
sion and funding ratio and from 2020 on in the pension payments. For a pension fund with
participants who live relatively larger than a normal Dutch person, the increasing retirement
age will probably not enough to catch on the increasing costs of the increasing life expectancy.
In the second method the fund specific increase of the life expectancy is implemented by the
recalculation of the pension payments at retirement. Mainly for a pension fund whose partic-
ipants live relatively longer than the average Dutch person, the second method will be more
effective. Because of the stable pension ambition over time, the costs of the pension payments
will not increase further when the life expectancy increases.

As a results of the decreasing costs, the funding ratio will increase and the probability of un-
derfunding will decrease. This improves the financial situation of pension funds. The increase
of the funding ratio has also a positive impact for participants. The indexation of pension ben-
efits increases and the net premium decreases. According to both pension agreement methods,
the pension payments will start one year or two years later. For participants it means that they
have to work longer before the pension payments start. In case of the second method, the pen-
sion payments of participants can be reduced at retirement, dependending on the remaining
lifetime at retirement and the chosen forfaitary period.

The determination of the forfaitary period is a difficult point in method 2. The idea of the
same pension ambition for different generations with the same accrued pension benefits is a
good idea, it is a fair solution. But the use of a stable forfaitary period over time is a discussion
point. Changes in the interest rate and mortality tables have a lot of impact on the forfaitary
period. Because the forfaitary period is determined with an interest rate it is smaller than the
expected remaining lifetime. With this method the provision before retirement, calculated with
the forfaitary period, is a lot smaller than with the expected remaining lifetime. It results in
a large increase of the pension provision at retirement when the provision is calculated with
the real mortality tables instead of the forfaitary period. We can conclude that the provision
of pension funds with the second method is underestimated before retirement. If the forfaitary
period will not change during the years and the retirement age will not increase further, the
pension payments will decrease more and more because of the larger life expectancy annuity
over time. The buying power of the retires will decrease than, which is not very good for the
economy.

Besides the questions about the determination of the forfaitary period, we can also ask
ourselves the question how to communicate this method to participants. The recalculation of
the amount of the pension payments at retirement will result in a lot of questions. People know
the amount of pension payments they will receive at retirement, or a couple of years before. If
this amount is lower than they expected, there is only less time to accrue extra benefits in the
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third pillar.
The adaptation to the increasing AOW age is a good point. It is easier for people to under-

stand that the pension payments and the AOW payments start in the same year, and this year is
increased to 66 and later to 67. If the methods are only applied to new accrued pension benefits,
the recalculation of already accrued benefits have to be explained clearly to participants.

Over all we can conclude that pension agreement method 2 is more effective and fair over
time. The chosen forfaitary period is a critical point in this method. The recalculation of
the pension payments at retirement, to keep the same pension ambition, is a fair solution for
different generations. The calculation of pension benefits for participants who have not yet
reached their retirement, results in an underestimated pension provision.
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A Results of the examples of the pension agreement methods

n method Lnom
0 Lnom

1 Lnom
2 Lnom

3 Lnom
4 Lnom

5 Lnom
6

1 normal 416,127 446,680 443,331 439,303 434,553 429,101 422,760
1 PA 1 all 416,127 446,680 443,331 439,303 434,553 429,101 422,760
1 PA 1 416,127 446,680 443,331 439,303 434,553 429,101 422,760
1 ∆ all 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1 ∆ 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
2 normal 345,561 381,871 421,854 452,463 449,093 445,002 440,153
2 PA 1 all 345,561 381,871 421,854 452,463 449,093 445,002 440,153
2 PA 1 345,561 381,871 421,854 452,463 449,093 445,002 440,153
2 ∆ all 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
2 ∆ 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
3 normal 261,196 288,809 319,146 352,473 389,179 429,512 459,130
3 PA 1 all 261,196 288,809 319,146 352,473 389,179 429,512 459,130
3 PA 1 261,196 288,809 319,146 352,473 389,179 429,512 459,130
3 ∆ all 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
3 ∆ 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
4 normal 161,764 179,460 198,867 220,147 243,504 269,135 297,302
4 PA 1 all 161,764 179,460 184,474 204,214 225,879 249,655 275,784
4 PA 1 161,764 179,460 198,316 218,971 241,619 266,449 293,713
4 ∆ all 0.00% 0.00% -7.24% -7.24% -7.24% -7.24% -7.24%
4 ∆ 0.00% 0.00% -0.28% -0.53% -0.77% -1.00% -1.21%
5 normal 97,131 108,486 120,959 134,658 149,681 166,164 184,233
5 PA 1 all 97,131 108,486 112,342 125,065 139,018 154,326 158,583
5 PA 1 97,131 108,486 120,564 133,813 148,328 164,238 179,209
5 ∆ all 0.00% 0.00% -7.12% -7.12% -7.12% -7.12% -13.92%
5 ∆ 0.00% 0.00% -0.33% -0.63% -0.90% -1.16% -2.73%
6 normal 55,495 62,667 70,570 79,274 88,847 99,375 110,947
6 PA 1 all 55,495 62,667 65,601 73,693 82,591 92,378 95,672
6 PA 1 55,495 62,667 70,289 78,673 87,884 98,004 107,367
6 ∆ all 0.00% 0.00% -7.04% -7.04% -7.04% -7.04% -13.77%
6 ∆ 0.00% 0.00% -0.40% -0.76% -1.08% -1.38% -3.23%
7 normal 29,256 33,662 38,553 43,972 49,965 56,580 63,873
7 PA 1 all 29,256 33,662 35,862 40,902 46,477 52,630 55,150
7 PA 1 29,256 33,662 38,357 43,552 49,291 55,619 61,358
7 ∆ all 0.00% 0.00% -6.98% -6.98% -6.98% -6.98% -13.66%
7 ∆ 0.00% 0.00% -0.51% -0.95% -1.35% -1.70% -3.94%

Total normal 1,366,531 1,501,635 1,613,282 1,722,290 1,804,821 1,894,868 1,978,398
Total PA 1 all 1,366,531 1,501,635 1,582,611 1,688,112 1,766,790 1,852,604 1,907,233
Total PA 1 1,366,531 1,501,635 1,611,859 1,719,248 1,799,946 1,887,923 1,963,690
Total ∆ all 0,00% 0,00% -1.90% -1.98% -2.11% -2.23% -3.60%
Total ∆ 0,00% 0,00% -0.09% -0.18% -0.27% -0.37% -0.74%

Table 6: Example of pension provision with pension agreement method 1.
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n method Lnom
0 Lnom

1 Lnom
2 Lnom

3 Lnom
4 Lnom

5 Lnom
6

1 normal 416,127 446,680 443,331 439,303 434,553 429,101 422,760
1 PA 2 all 351,691 446,680 443,331 439,303 434,553 429,101 422,760
1 PA 2 416,127 446,680 443,331 439,303 434,553 429,101 422,760
1 ∆ all -15.48% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1 ∆ 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
2 normal 345,561 381,871 421,854 452,463 449,093 445,002 440,153
2 PA 2 all 288,320 318,615 351,975 447,104 443,774 439,731 434,939
2 PA 2 345,561 381,871 419,780 452,304 448,935 444,845 439,998
2 ∆ PA 2 all -16.56% -16.56% -16.56% -1.18% -1.18% -1.18% -1.18%
2 ∆ PA 2 0.00% 0.00% -0.49% -0.04% -0.04% -0.04% -0.04%
3 normal 261,196 288,809 319,146 352,473 389,179 429,512 459,130
3 PA 2 all 214,276 236,928 261,816 289,156 319,269 352,356 447,653
3 PA 2 261,196 288,809 317,283 348,484 382,772 420,361 458,692
3 ∆ PA 2 all -17.96% -17.96% -17.96% -17.96% -17.96% -17.96% -2.72%
3 ∆ PA 2 0.00% 0.00% -0.58% -1.13% -1.65% -2.13% -0.10%
4 normal 161,764 179,460 198,867 220,147 243,504 269,135 297,302
4 PA 2 all 129,737 143,929 152,040 168,309 186,166 205,761 227,296
4 PA 2 161,764 179,460 197,076 216,321 237,371 260,397 285,626
4 ∆ PA 2 all -19.80% -19.80% -23.55% -23.55% -23.55% -23.55% -23.55%
4 ∆ PA 2 0.00% 0.00% -0.90% -1.74% -2.52% -3.25% -3.93%
5 normal 97,131 108,486 120,959 134,658 149,681 166,164 184,233
5 PA 2 all 76,575 85,526 91,023 101,331 112,636 125,039 78,835
5 PA 2 97,131 108,486 119,585 131,723 144,981 159,473 174,062
5 ∆ PA 2 all -21.16% -21.16% -24.75% -24.75% -24.75% -24.75% -28.19%
5 ∆ PA 2 0.00% 0.00% -1.14% -2.18% -3.14% -4.03% -5.52%
6 normal 55,495 62,667 70,570 79,274 88,847 99,375 110,947
6 PA 2 all 43,197 48,779 52,487 58,961 66,081 73,911 78,835
6 PA 2 55,495 62,667 69,547 77,087 85,342 94,384 103,420
6 ∆ PA 2 all -22.16% -22.16% -25.62% -25.62% -25.62% -25.62% -28.94%
6 ∆ PA 2 0.00% 0.00% -1.45% -2.76% -3.95% -5.02% -6.78%
7 normal 29,256 33,662 38,553 43,972 49,965 56,580 63,873
7 PA 2 all 22,559 25,956 28,429 32,425 36,844 41,722 45,035
7 PA 2 29,256 33,662 37,816 42,393 47,430 52,963 58,442
7 ∆ PA 2 all -22.89% -22.89% -26.26% -26.26% -26.26% -26.26% -29.49%
7 ∆ PA 2 0.00% 0.00% -1.91% -3.59% -5.07% -6.39% -8.50%

Total normal 1,366,531 1,501,635 1,613,282 1,722,290 1,804,821 1,894,868 1,978,398
Total PA 2 all 1,126,354 1,306,414 1,381,101 1,536,588 1,599,321 1,667,621 1,735,354
Total PA 2 1,366,530 1,501,635 1,604,418 1,707,615 1,781,384 1,861,523 1,943,001
Total ∆ PA 2 all -17.58% -13.00% -14.39% -10.78% -11.39% -11.99% -12.28%
Total ∆ PA 2 0.00% 0.00% -0.55% -0.85% -1.30% -1.76% -1.79%

Table 7: Example of pension provision with pension agreement method 2.
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B Implementation pension agreement methods

Figure 28: Retirement age according to pension agreement method.

Figure 29: Table with the announced retirement age and starting age.
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Figure 30: Extra mortality table and the exact forfaitary period.
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C Economic assumptions

Figure 31: Economic assumptions used in the Ortec economy with starting point december
2009.
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D Results of the pension agreement methods only for old age
pensions

Fund specific mortality tables AG 2010-2060 mortality tables
Year Normal method ∆ all benefits ∆ Normal method ∆ all benefits ∆
2009 9,425,309 0.00% 0.00% 9,685,427 0.00% 0.00%
2010 10,213,948 -0.27% -0.27% 10,482,424 -0.09% -0.09%
2011 11,368,937 -6.28% -1.38% 11,706,620 -6.41% -1.68%
2012 12,862,938 -6.35% -1.83% 13,226,054 -6.76% -2.40%
2013 14,653,804 -6.76% -2.61% 15,071,895 -6.74% -2.72%
2014 16,832,724 -6.71% -2.89% 17,342,071 -6.55% -2.85%
2015 19,267,325 -12.56% -5.99% 19,839,972 -12.08% -5.72%
2016 22,212,873 -12.48% -6.39% 22,897,413 -12.06% -6.17%
2017 25,261,882 -12.64% -6.96% 26,075,380 -12.20% -6.72%
2018 28,483,722 -12.48% -7.09% 29,431,812 -12.24% -7.04%
2019 31,921,191 -12.78% -7.67% 32,914,934 -12.29% -7.35%
2020 35,802,622 -12.85% -8.01% 36,938,595 -12.08% -7.39%
2021 39,786,111 -12.92% -8.30% 41,012,023 -12.00% -7.51%
2022 44,318,900 -13.00% -8.59% 45,684,633 -12.08% -7.79%
2023 49,114,431 -12.90% -8.67% 50,678,718 -12.00% -7.89%
2024 54,298,921 -13.05% -8.99% 56,008,722 -12.12% -8.17%
2025 60,033,031 -13.00% -9.13% 61,955,638 -11.97% -8.19%
2026 66,120,253 -12.91% -9.18% 68,238,086 -11.77% -8.14%
2027 72,590,553 -12.94% -9.35% 74,988,025 -11.78% -8.27%
2028 79,555,822 -12.80% -9.36% 82,259,576 -11.77% -8.41%
2029 87,022,158 -12.65% -9.33% 89,953,477 -11.62% -8.38%
2030 94,917,474 -12.30% -9.11% 98,230,067 -11.59% -8.49%
2031 103,701,080 -12.16% -9.11% 107,258,458 -11.41% -8.44%
2032 113,199,892 -11.87% -8.95% 117,101,916 -11.30% -8.47%
2033 123,140,728 -11.55% -8.76% 127,555,040 -11.07% -8.36%
2034 132,857,777 -11.29% -8.61% 137,677,459 -10.77% -8.17%

Table 8: Pension provision with pension agreement method 1 for Fund 1 with only the old age
pension.
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Fund specific mortality tables AG 2010-2060 mortality tables
Year Normal method ∆ all benefits ∆ Normal method ∆ all benefits ∆
2010 14,726 0.00% 0.00% 14,648 0.53% 0.53%
2011 21,082 -1.07% -1.07% 21,007 -0.72% -0.72%
2012 21,842 -0.23% -0.51% 20,479 5.37% 5.09%
2013 25,706 -0.23% -0.44% 23,367 8.11% 7.89%
2014 26,143 -3.08% -3.25% 23,387 10.16% 9.97%
2015 35,440 -1.58% -1.71% 30,632 10.59% 10.44%
2016 46,257 -0.69% -0.81% 41,571 7.39% 7.26%
2017 48,558 0.50% 0.36% 45,089 5.72% 5.58%
2018 89,523 1.93% 1.84% 86,960 0.38% 0.30%
2019 110,271 -0.71% -0.75% 107,445 0.31% 0.27%
2020 166,921 -33.06% -33.09% 161,552 -32.34% -32.36%
2021 217,709 -23.44% -22.32% 211,959 -24.36% -23.37%
2022 254,440 -15.23% -13.37% 244,455 -10.95% -9.00%
2023 303,833 -18.16% -16.34% 300,670 -15.37% -13.54%
2024 355,544 -14.84% -12.68% 349,150 -11.76% -9.61%
2025 471,040 -36.89% -35.30% 463,907 -32.66% -31.01%
2026 573,010 -38.52% -36.77% 563,246 -35.14% -33.34%
2027 599,448 -23.81% -20.65% 595,652 -18.63% -15.30%
2028 708,117 -20.62% -17.42% 708,280 -17.52% -14.21%
2029 874,333 -32.03% -29.23% 869,532 -28.84% -25.89%
2030 1,084,327 -34.88% -32.07% 1,088,212 -33.05% -30.20%
2031 1,274,757 -32.89% -29.72% 1,286,145 -30.92% -27.71%
2032 1,614,514 -33.29% -30.15% 1,624,371 -31.03% -27.87%
2033 1,930,031 -34.01% -30.96% 1,939,746 -31.74% -28.69%
2034 2,208,597 -26.67% -23.31% 2,230,521 -25.17% -21.84%

Table 9: Pension payments with pension agreement method 1 for Fund 1 with only the old age
pension.

71



Fund specific mortality tables AG 2010-2060 mortality tables
Year Normal method ∆ all benefits ∆ Normal method ∆ all benefits ∆
2009 112,860,992 0.00% 0.00% 117,002,832 0.00% 0.00%
2010 114,585,723 0.21% 0.21% 117,727,877 0.53% 0.53%
2011 119,617,244 -4.22% -0.19% 123,902,275 -4.04% -0.17%
2012 128,230,803 -3.61% -0.19% 132,426,214 -3.30% 0.00%
2013 138,521,253 -3.49% -0.16% 143,497,096 -3.65% -0.48%
2014 150,960,517 -3.65% -0.31% 156,158,019 -3.67% -0.50%
2015 163,081,145 -7.53% -1.50% 169,421,094 -7.77% -2.09%
2016 176,550,845 -7.38% -1.49% 184,148,640 -7.77% -2.26%
2017 190,461,550 -7.62% -1.79% 199,546,082 -8.15% -2.71%
2018 204,234,856 -7.56% -1.73% 214,970,933 -8.63% -3.23%
2019 218,785,401 -8.05% -2.18% 229,603,276 -8.91% -3.41%
2020 235,358,097 -8.23% -2.34% 247,972,907 -8.98% -3.49%
2021 250,521,794 -8.47% -2.49% 264,778,352 -8.94% -3.38%
2022 267,754,414 -8.74% -2.77% 283,616,968 -9.18% -3.63%
2023 284,455,659 -8.64% -2.69% 303,034,433 -9.30% -3.79%
2024 302,017,620 -8.78% -2.85% 320,666,224 -8.71% -3.18%
2025 321,272,166 -8.98% -3.05% 340,637,567 -8.14% -2.62%
2026 340,223,656 -8.97% -3.09% 360,269,334 -7.87% -2.36%
2027 360,167,392 -9.25% -3.38% 381,015,195 -7.73% -2.24%
2028 379,124,447 -8.83% -3.00% 403,246,017 -7.56% -2.10%
2029 398,858,083 -8.57% -2.81% 424,091,850 -7.41% -2.04%
2030 418,569,943 -8.12% -2.43% 444,198,039 -7.01% -1.69%
2031 439,605,355 -7.60% -2.02% 467,385,108 -6.57% -1.37%
2032 464,167,531 -7.33% -1.91% 491,870,535 -6.31% -1.24%
2033 490,070,604 -7.23% -1.99% 517,184,035 -6.15% -1.26%
2034 515,030,193 -7.37% -2.29% 542,978,407 -6.04% -1.28%

Table 10: Pension provision with pension agreement method 1 for Fund 2 with only the old age
pension.
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Fund specific mortality tables AG 2010-2060 mortality tables
Year Normal method ∆ all benefits ∆ Normal method ∆ all benefits ∆
2010 248,405 0.00% 0.00% 247,590 0.00% 0.00%
2011 632,549 0.00% 0.00% 610,962 -0.02% -0.02%
2012 997,353 0.45% 0.03% 980,811 0.40% 0.01%
2013 1,416,802 0.30% -0.16% 1,381,740 0.22% -0.22%
2014 1,910,975 0.30% -0.11% 1,858,472 0.45% 0.05%
2015 2,437,735 0.51% 0.16% 2,402,381 0.53% 0.17%
2016 2,981,254 0.50% 0.10% 2,974,786 0.67% 0.28%
2017 3,516,730 0.88% 0.49% 3,524,746 0.36% -0.04%
2018 4,102,971 1.03% 0.64% 4,096,374 0.47% 0.08%
2019 4,788,078 0.20% -0.14% 4,701,391 0.35% 0.01%
2020 5,512,916 -12.11% -12.38% 5,413,902 -11.98% -12.26%
2021 6,204,376 -10.29% -9.77% 6,198,936 -11.86% -11.44%
2022 6,924,751 -9.25% -8.11% 6,979,338 -10.64% -9.62%
2023 7,694,991 -9.85% -8.26% 7,852,195 -10.95% -9.47%
2024 8,675,747 -11.37% -9.40% 8,788,798 -10.79% -8.94%
2025 9,588,940 -19.94% -18.14% 9,837,445 -19.37% -17.71%
2026 10,504,160 -18.19% -15.47% 10,938,180 -18.69% -16.23%
2027 11,577,984 -19.19% -15.76% 11,970,924 -17.87% -14.68%
2028 12,669,701 -18.29% -14.14% 13,257,404 -18.03% -14.29%
2029 13,858,331 -17.48% -12.78% 14,566,288 -17.13% -12.93%
2030 15,088,794 -16.63% -11.38% 15,678,042 -15.20% -10.43%
2031 16,100,898 -14.76% -9.05% 16,970,315 -13.23% -8.10%
2032 17,251,065 -12.17% -6.02% 18,365,466 -12.88% -7.39%
2033 18,613,417 -12.19% -5.79% 19,753,681 -13.13% -7.43%
2034 20,211,081 -13.25% -6.64% 21,326,012 -11.89% -5.98%

Table 11: Pension payments with pension agreement method 1 for Fund 2 with only the old
age pension.
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Fund specific mortality tables AG 2010-2060 mortality tables
Year Normal method ∆ all benefits ∆ Normal method ∆ all benefits ∆
2009 9,425,309 -11.11% 0.00% 9,685,427 -13.68% 0.00%
2010 10,213,948 -10.49% -1.57% 10,482,424 -12.85% -1.71%
2011 11,368,937 -16.01% -3.58% 11,706,620 -18.60% -4.43%
2012 12,862,938 -15.82% -4.74% 13,226,054 -18.65% -6.01%
2013 14,653,804 -16.07% -6.08% 15,071,895 -18.52% -7.06%
2014 16,832,724 -16.09% -6.88% 17,342,071 -18.41% -7.87%
2015 19,267,325 -21.95% -10.41% 19,839,972 -23.98% -11.30%
2016 22,212,873 -22.01% -11.29% 22,897,413 -24.09% -12.32%
2017 25,261,882 -22.22% -12.22% 26,075,380 -24.28% -13.32%
2018 28,483,722 -21.93% -12.58% 29,431,812 -24.19% -13.93%
2019 31,921,191 -22.09% -13.32% 32,914,934 -24.10% -14.47%
2020 35,802,622 -22.21% -14.00% 36,938,595 -23.98% -14.92%
2021 39,786,111 -22.08% -14.48% 41,012,023 -23.73% -15.31%
2022 44,318,900 -22.08% -14.95% 45,684,633 -23.71% -15.80%
2023 49,114,431 -21.95% -15.19% 50,678,718 -23.59% -16.09%
2024 54,298,921 -22.00% -15.63% 56,008,722 -23.60% -16.51%
2025 60,033,031 -22.03% -16.10% 61,955,638 -23.50% -16.90%
2026 66,120,253 -21.90% -16.29% 68,238,086 -23.29% -17.03%
2027 72,590,553 -21.79% -16.52% 74,988,025 -23.15% -17.26%
2028 79,555,822 -21.56% -16.60% 82,259,576 -23.05% -17.50%
2029 87,022,158 -21.43% -16.80% 89,953,477 -22.92% -17.74%
2030 94,917,474 -21.06% -16.74% 98,230,067 -22.83% -18.01%
2031 103,701,080 -20.90% -16.88% 107,258,458 -22.63% -18.12%
2032 113,199,892 -20.57% -16.90% 117,101,916 -22.46% -18.31%
2033 123,140,728 -20.29% -16.88% 127,555,040 -22.24% -18.38%
2034 132,857,777 -19.84% -16.76% 137,677,459 -21.77% -18.25%

Table 12: Pension provision with pension agreement method 2 for Fund 1 with only the old age
pension.
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Fund specific mortality tables AG 2010-2060 mortality tables
Year Normal method ∆ all benefits ∆ Normal method ∆ all benefits ∆
2010 14,726 0.00% 0.00% 14,648 0.53% 0.53%
2011 21,082 -3.31% -1.24% 21,007 -3.39% -0.94%
2012 21,842 -2.47% -0.68% 20,479 2.62% 4.86%
2013 25,706 -2.13% -0.60% 23,367 5.35% 7.67%
2014 26,143 -5.01% -3.41% 23,387 7.33% 9.76%
2015 35,440 -3.11% -1.86% 30,632 7.54% 9.95%
2016 46,257 -2.22% -0.97% 41,571 3.97% 6.61%
2017 48,558 -1.03% 0.23% 45,089 2.32% 5.01%
2018 89,523 0.51% 1.49% 86,960 -3.40% -1.01%
2019 110,271 -2.74% -1.52% 107,445 -4.13% -1.51%
2020 166,921 -34.39% -33.59% 161,552 -35.31% -33.55%
2021 217,709 -24.66% -23.98% 211,959 -27.69% -25.76%
2022 254,440 -16.38% -15.78% 244,455 -14.77% -12.50%
2023 303,833 -19.17% -18.65% 300,670 -19.00% -17.03%
2024 355,544 -16.55% -15.67% 349,150 -16.17% -13.87%
2025 471,040 -38.17% -37.50% 463,907 -35.99% -34.23%
2026 573,010 -39.54% -39.09% 563,246 -38.21% -36.72%
2027 599,448 -24.81% -24.43% 595,652 -22.23% -20.46%
2028 708,117 -21.38% -21.09% 708,280 -21.01% -19.41%
2029 874,333 -32.70% -32.50% 869,532 -31.86% -30.55%
2030 1,084,327 -35.27% -35.19% 1,088,212 -35.75% -34.65%
2031 1,274,757 -33.13% -33.09% 1,286,145 -33.55% -32.46%
2032 1,614,514 -33.34% -33.36% 1,624,371 -33.51% -32.53%
2033 1,930,031 -34.03% -34.06% 1,939,746 -34.16% -33.25%
2034 2,208,597 -26.72% -26.74% 2,230,521 -27.83% -26.86%

Table 13: Pension payments with pension agreement method 2 for Fund 1 with only the old
age pension.
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Fund specific mortality tables AG 2010-2060 mortality tables
Year Normal method ∆ all benefits ∆ Normal method ∆ all benefits ∆
2009 112,860,992 -8.84% 0.00% 117,002,832 -12.89% 0.00%
2010 114,585,723 -7.34% -0.10% 117,727,877 -11.02% 0.05%
2011 119,617,244 -10.47% -0.70% 123,902,275 -14.24% -1.01%
2012 128,230,803 -8.97% -0.90% 132,426,214 -12.53% -1.16%
2013 138,521,253 -8.12% -1.05% 143,497,096 -12.15% -1.90%
2014 150,960,517 -7.65% -1.37% 156,158,019 -11.60% -2.22%
2015 163,081,145 -10.96% -2.69% 169,421,094 -15.08% -4.01%
2016 176,550,845 -10.42% -2.84% 184,148,640 -14.70% -4.44%
2017 190,461,550 -10.29% -3.29% 199,546,082 -14.75% -5.17%
2018 204,234,856 -9.89% -3.32% 214,970,933 -14.90% -5.86%
2019 218,785,401 -9.94% -3.86% 229,603,276 -14.80% -6.21%
2020 235,358,097 -10.68% -4.51% 247,972,907 -15.43% -6.83%
2021 250,521,794 -10.46% -4.90% 264,778,352 -15.06% -7.10%
2022 267,754,414 -10.49% -5.44% 283,616,968 -15.03% -7.69%
2023 284,455,659 -10.27% -5.60% 303,034,433 -14.95% -8.16%
2024 302,017,620 -10.22% -6.18% 320,666,224 -14.17% -8.01%
2025 321,272,166 -11.01% -6.96% 340,637,567 -14.22% -8.15%
2026 340,223,656 -10.67% -7.24% 360,269,334 -13.66% -8.19%
2027 360,167,392 -10.80% -7.89% 381,015,195 -13.36% -8.50%
2028 379,124,447 -10.18% -7.81% 403,246,017 -13.03% -8.75%
2029 398,858,083 -9.70% -7.83% 424,091,850 -12.66% -8.93%
2030 418,569,943 -9.02% -7.67% 444,198,039 -12.03% -8.86%
2031 439,605,355 -8.41% -7.45% 467,385,108 -11.42% -8.72%
2032 464,167,531 -8.03% -7.39% 491,870,535 -11.22% -8.88%
2034 515,030,193 -8.03% -8.07% 542,978,407 -10.77% -9.19%

Table 14: Pension provision with pension agreement method 2 for Fund 2 with only the old age
pension.
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Fund specific survival table AG 2010-2060 survival tables
Year Normal method ∆ all benefits ∆ Normal method ∆ all benefits ∆
2010 248,405 15.84% 0.00% 247,590 12.95% 0.00%
2011 632,549 16.18% 0.03% 610,962 12.98% 0.02%
2012 997,353 16.64% 0.14% 980,811 13.34% 0.15%
2013 1,416,802 16.32% 0.09% 1,381,740 12.86% 0.04%
2014 1,910,975 16.13% 0.31% 1,858,472 12.75% 0.46%
2015 2,437,735 16.16% 0.75% 2,402,381 12.48% 0.72%
2016 2,981,254 15.97% 0.84% 2,974,786 12.34% 0.95%
2017 3,516,730 16.22% 1.42% 3,524,746 11.68% 0.70%
2018 4,102,971 16.16% 1.74% 4,096,374 11.50% 0.94%
2019 4,788,078 15.02% 1.10% 4,701,391 11.08% 0.99%
2020 5,512,916 0.86% -11.29% 5,413,902 -2.60% -11.40%
2021 6,204,376 3.14% -9.13% 6,198,936 -2.43% -11.06%
2022 6,924,751 4.41% -7.86% 6,979,338 -1.13% -9.69%
2023 7,694,991 3.74% -8.30% 7,852,195 -1.53% -9.85%
2024 8,675,747 1.97% -9.64% 8,788,798 -1.47% -9.51%
2025 9,588,940 -7.91% -18.35% 9,837,445 -10.98% -18.20%
2026 10,504,160 -5.57% -16.15% 10,938,180 -10.07% -17.28%
2027 11,577,984 -6.51% -16.91% 11,970,924 -9.08% -16.27%
2028 12,669,701 -5.31% -15.65% 13,257,404 -9.20% -16.21%
2029 13,858,331 -4.25% -14.51% 14,566,288 -8.20% -15.08%
2030 15,088,794 -3.16% -13.35% 15,678,042 -6.05% -12.86%
2031 16,100,898 -0.94% -11.08% 16,970,315 -3.88% -10.59%
2032 17,251,065 2.05% -7.94% 18,365,466 -3.58% -10.11%
2033 18,613,417 1.98% -7.72% 19,753,681 -3.92% -10.14%
2034 20,211,081 0.75% -8.66% 21,326,012 -2.62% -8.66%

Table 15: Pension payments with pension agreement method 2 for Fund 2 with only the old
age pension.
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E Simulated funding ratios

Figure 32: Funding ratio of pension fund 1 with the normal method.

Figure 33: Funding ratio of pension fund 1 with pension agreement method 1.
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Figure 34: Funding ratio of pension fund 1 with pension agreement method 2.

Figure 35: Funding ratio of pension fund 2 with the normal method.
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Figure 36: Funding ratio of pension fund 2 with pension agreement method 1.

Figure 37: Funding ratio of pension fund 2 with pension agreement method 2.
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