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Management summary

In 2003 the IORP Directive was introduced, in which the occupational pensions in Europe
are regulated. In order to obtain a more harmonized framework of quantitative requirements
for European pension funds, the European Commission asked EIOPA to revise the IORP
Directive.

Pension systems across Europe differ significantly, since a variety of policy instruments is
available. In order to take into account the differences in pension systems, a holistic balance
sheet is proposed by EIOPA. A holistic balance sheet is an extension of the traditional bal-
ance sheet, since next to the usual assets and liabilities, conditional assets and liabilities are
stated on it. These conditional assets and liabilities are the economic value of the various
policy instruments, which can be valued as embedded options with the help of derivative
pricing techniques. The holistic balance sheet framework enables regulators to compare var-
ious pension systems across Europe in one framework.

We use an own ALM model to value the embedded options on the holistic balance sheet.
Within this ALM model a risk model (economic scenario generator) is used which includes
both stochastic jumps and a time-varying covariance matrix for normally distributed shocks.
This risk model provides both real world and risk neutral scenarios. In order to compose the
holistic balance sheet, risk neutral valuation is used to value the embedded options on the
holistic balance sheet.

A pension fund can have various policies, where the fund can make use of various policy
instruments. Therefore, each policy, or pension contract, will result in an alternative holistic
balance sheet, as each policy instrument can be valued as an embedded option. It turns out
that adding an additional policy instrument to the existing policy has a significant effect
on all the embedded option values stated on the holistic balance sheet, since introducing an
additional instrument changes how risks and rewards are allocated within the pension fund
and therefore changes the value of the policy instruments valued as embedded options.

This thesis aims to provide the pension industry insights into the valuation of the holis-
tic balance sheet and the effects of implementing it. This thesis comes up with three con-
crete proposals to improve the proposed holistic balance sheet framework: an open fund
framework instead of a closed one, a dynamic solvency measure instead of a static one, and a
prescription regarding the risk model to be used in the valuation of the holistic balance sheet.

EIOPA only proposes to value the holistic balance sheet in ABO terms, where it is as-
sumed that the pension fund is fictitiously closed at the time the holistic balance sheet is set
up. A reason for this approach could be that in this way fewer possibilities for differences
in subjective interpretations are possible. However, it is more fruitful to consider a PBO
framework, where the pension fund remains open for new participants during the horizon
considered, new benefits are accrued, and contributions are paid, since such an approach is
more in line with reality.

EIOPA proposes to value the options on the holistic balance sheet as if the fund is ficti-
tiously closed at time zero. Additionally, EIOPA proposes a solvency measure which takes
into account the embedded options stated on the holistic balance sheet. However, EIOPA
does not properly clarify the required level the pension fund should have in order to be sol-
vent, where this required level turns out to be too high for two reasons. First of all, EIOPA
does not yet take into account the fact that the options on the holistic balance sheet already
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are a hedge for certain risks. Secondly, EIOPA does not yet take into account the closed fund
aspect.

In this thesis, a new solvency measure is introduced called the dynamic measure, which does
take into account the closed fund aspect, since the required level decreases over time, as a
consequence of the decreasing duration of the liabilities. Hence, the dynamic measure does
take into account the horizon considered.

In general, it turns out that the policies which are less redistributive are considered insolvent
by the EIOPA measure, while the same policies are solvent according to the dynamic measure.

With the holistic balance sheet, also generational effects can be shown, as different em-
bedded options can be assigned to specific cohorts. However, these generational effects are
not representative in case of the closed fund framework, as the residue is not divided among
all cohorts within the fund. Hence, in case an open fund framework would be considered, i.e.
a fund where new participants enter the fund after time zero, where contributions are paid,
and where new benefits are accrued, the generational effects are more in line with reality.
Therefore, also the holistic balance sheet in the open fund framework is set up.

The holistic balance sheet in the open fund framework differs from the holistic balance sheet
in the closed fund framework in several ways. First of all, two additional aspects are stated
on the open holistic balance sheet, namely the contributions paid and the new benefits ac-
crued. In general, all the embedded options become worth more, as more participants are
present in the fund. Both solvency measures can be used in the open fund framework, where
the EIOPA solvency measure is slightly adjusted in this thesis. However, still the EIOPA
measure does not yet overcome the fact that it does not take into account that the option
values itself are already a certain hedge.

It turns out that in the open fund framework, both solvency measures give the same out-
come for the alternative cases considered in this thesis, except for the cases where the initial
funding position is extremely low, where the horizon is extended, and where a more friendly
policy ladder is chosen. In those exceptions the EIOPA solvency measure does consider the
pension funds insolvent, while the dynamic measure indicates that the funds are solvent.

Summing up, the proposal of EIOPA to introduce the holistic balance sheet is very use-
ful, however, it needs improvements. First of all, the holistic balance sheet should be valued
in an open fund framework instead of a closed fund framework, in order to provide the finan-
cial position of the pension fund which is more in line with reality. In this case, the holistic
balance sheet can also be used as a continuity analysis, as a tool for policy development, and
as a tool to give insights into generational effects.

Furthermore, the solvency measure as proposed by EIOPA is a threat for Dutch pension
funds, since the required level is too high. Therefore, an alternative solvency measure that
should be used is the dynamic solvency measure, which takes into account the solvency capital
requirement set by the regulator. The dynamic solvency measure does consider the policies
that are less redistributive to be solvent, while the EIOPA solvency measure does consider
those policies to be insolvent.

Additionally, we propose to impose a risk model, since the holistic balance sheet is signifi-
cantly dependent on the risk model used.

Finally, in order for trustees to treat the interest of all stakeholders equally, also utility
valuation should be used next to market valuation. Here one should wonder how far the
regulator should intervene to decide which policy is in favor of the participants within the
fund, since it might turn out that participants are not pleased with the imposed solvency
capital requirement.
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1 Introduction

The European Commission (EC) is going to revise the IORP Directive in order to introduce
a harmonized framework of quantitative requirements for European pension funds. In or-
der to take all the differences of pension systems into account, a so-called "holistic balance
sheet approach’ is proposed. This approach is a new way of pension supervision. Euro-
pean pension organizations are concerned that this new way of supervision is very complex
and could lead to additional funding requirements which might hamper the pension benefits
of European retirees'. In this study, the impact of the holistic balance sheet approach on
Dutch pension funds is analyzed and alternative holistic balance sheet methods are proposed.

In Europe the occupational pensions are regulated in the Institution for Occupational Retire-
ment Provision (IORP) Directive which was introduced in 2003. The objective of the IORP
Directive is to provide a framework for occupational pension funds across Europe. The cur-
rent IORP Directive provides national Member States a lot of freedom of determining the
national quantitative requirements for pension funds. In the Netherlands, the requirements
of the IORP Directive are embedded in the FTK regulation.

In April 2011 the European Commission asked the European Insurance and Occupational
Pensions Authority (EIOPA) for advice on a revision of the IORP Directive. The European
Commission gave several reasons to revise the current directive:

e Expanding the scope of the IORP Directive, since after the introduction of the first
directive in 2003 several new European countries have joined IORP, which use pension
systems that are not covered within this framework;

e Focusing on the cross border aspects for pension funds, in order to enable pension funds
to manage their pension schemes of employees in different IORP member states;

e Attention for defined contribution schemes, as more countries move from defined benefit
schemes to defined contribution schemes;

e Improving governance and risk management, as many pension funds became under-
funded due to the financial crisis;

e Introducing risk-oriented supervision, where qualitative, quantitative, and transparency
requirements should be included and possibly also a uniform security margin.

In February 2012, EIOPA gave the European Commission an extensive advice on the revision
of the IORP Directive, both on qualitative and quantitative requirements. The quantitative
requirements proposed by EIOPA are often based on the already existing Solvency II frame-
work (European insurance legislation). However, it should be noted that pension funds are
not precisely comparable to insurance companies. From a governance perspective pension
funds are other kind of institutions. Furthermore, pension funds have the ability to use
risk-mitigating instruments such as steering mechanisms (e.g. higher contributions, addi-
tional sponsor support) and adjustment mechanisms (e.g. conditional indexation, cutting
benefits) in order to adjust the financial position of the fund. According to EIOPA all these
unique characteristics of pension funds should be incorporated in the revised IORP Directive.

As pension systems and their steering and adjustment instruments differ significantly across
Europe, it is hard to compare different pension funds of different member states of IORP. In
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order to obtain more harmonization across Europe, EIOPA proposes a harmonization of all
the valuation rules across Europe and a so called holistic balance sheet, in order to be able
to take into account all the different policy instruments of pension funds across Europe. In
addition, this holistic balance sheet provides the opportunity to have a prudential framework
which is based on Solvency II, but is tailor-made for IORP pension funds.

Such a balance sheet is an extension of a traditional balance sheet, as next to the usual assets
and liabilities also immaterial and conditional assets and liabilities are stated. The values of
these conditional assets and liabilities are conditional on the regulation of the pension system
and will therefore result in different values across countries in Europe.

Hence, the holistic balance sheet gives a more complete picture of the financial position of a
pension fund than the traditional balance sheet. For instance, consider two different pension
funds with the same traditional balance sheet at one moment in time, and thus the same
funding ratio. Suppose pension fund 1 has a policy in which the participants get conditional
indexation, while pension fund 2 has the additional right to cut the benefits of the partici-
pants if the funding ratio becomes extremely low. As can be concluded from this example,
the actual financial position of pension fund 2 is much better than that of pension fund 1.
The funding ratio of the holistic balance sheet takes these policy instruments into account
and gives thus a better representation of the financial position of the pension fund.

In its advice to the European Commission, EIOPA said that its advice is conditional on
the outcomes of Quantitative Impact Studies. These studies will be performed in Q4 2012.
The European Commission is willing to come up with an official proposal for an new IORP
Directive before the summer of 2013. Hence, a lot of future rules are still not clear of which
the impact will be investigated, where this thesis contributes to this impact study.

Several European pension systems are explained in Section 1.1 to show that different countries
use different policy instruments. In Section 1.2 the differences between the FTK Regulation
as it is known in the Netherlands and the revised IORP Directive are explained. Finally, in
Section 1.3 a description of the research in this thesis is given, where the structure of this
thesis is set out.

1.1 Pension systems in Europe

Pension systems differ significantly across Europe, as stated by OECD (2011) which presents
different pension systems in 2008 across OECD countries. Most pension systems are divided
into three pillars of which the first two pillars are mandatory. The first pillar is public and
provides people mostly a social minimum standard way of living. It can also be the case
in some countries that the first pillar provides people with an income which is a certain
minimum plus an earnings related aspect. The second pillar can be either public or private
and is related to occupational aspects. Finally, the third pillar is voluntary and consists of
individual savings for retirement. As already mentioned, the occupational pension systems,
which are in the second pillar, are regulated in the IORP Directive. Therefore, the focus lies
on the second pillar of several European countries in the remainder of this section.

The second pillar of the Dutch pension system is quasi-mandatory, as several industries
have asked permission for a mandatory industry pension fund. A consequence of this ques-
tion is that approximately 90 percent of all employees in the Netherlands are covered within
a mandatory scheme, i.e. there exists a near-universal coverage scheme. Roughly 90 per-
cent of all pension funds in the Netherlands are covered by a private defined benefit scheme,
while the remaining pension funds are covered by a private defined contribution scheme.



The accrual rate, i.e. the rate at which a worker earns benefit entitlements for each year
of coverage, varies between occupational schemes in the Netherlands. Before 2005, pension
fund benefits were based on the final wage scheme. From that point on, the transition was
made into the direction of the average wage scheme, which is at the moment the domi-
nant type. Furthermore, indexation given on benefits depends both on the average earnings
and on the funding ratio of the pension fund in most funds. Besides that, no ceiling is set
on the earnings of Dutch employees used to determine the contributions and pension benefits.

The second pillar of the pension system in the United Kingdom is a mandatory public defined
benefit scheme. The accrual rate workers receive depends on their earnings, as workers with
low wages get the highest accrual rates. In case of reaching a certain low earnings threshold,
the accrual rate decreases, while in case of the earnings being in between a higher threshold
and a ceiling, the accrual rate increases again. So, in the United Kingdom exists a ceiling,
which is set equal to 119 percent of the average earnings. Again, the pension benefits are
determined as a lifetime average. Furthermore, indexation is given according to inflation on
prices. Besides that, a so called British Pension Protection Fund exists. In case the sponsor
of the pension fund goes bankrupt and on top of that the assets in the fund are insufficient
to cover the pension benefits, the British Pension Protection Fund provides compensation
such that members do not get harmed by such an event.

Focusing on the German pension system (Watson Wyatt insider, 2009), occupational pen-
sions differ over Germany, as defined benefit plans, defined contribution plans, and hybrid
types are available. The defined benefit plans are the most common, where both final-average
and flat-rate types are present. The plan design is strongly influenced by the funding vehicle
chosen by the employer. Book reserves are the most common funding vehicle in Germany,
where internal company assets are delineated for the pension plan and placed on the balance
sheet. The second most common funding vehicle is the pensionskasse, where external funding
is conservatively invested. The pensionskasse is comparable to life insurance, however, only
employees, former employees and their dependents can become a member of this pension
plan. Finally, Germany also knows a kind of Pension Protection Fund as is known in the
United Kingdom.

In Switzerland, the second pillar consists of both a public defined benefit scheme and a
private defined benefit scheme. The accrual rate varies with earnings and age; where the
pattern is progressive with respect to earnings and increasing with respect to age. As before,
a lifetime average is used to determine pension benefits. Besides that, the indexation given
on benefits depends on a combination of price inflation and wage growth, which are both
taken into account for 50 percent. Both the public and the private defined benefit scheme
have a ceiling on the pensionable earnings equal to 106 percent of the average earnings.

A combination of a public defined benefit scheme and a pension points system exists in the
second pillar of France, which are both PAYG funded. In a pension points system, workers
earn pension points based on their individual earnings for each year they pay contributions.
At retirement the total sum of pension points is multiplied by a pension-point value, such
that the points are converted into pension payments. In this system, the accrual rate also
depends on earnings; the difference is that higher rates are earned on the contributions paid
above the ceiling. This is introduced to neutralize the redistribution in the public system.
The ceiling of the public defined benefit scheme is set equal to 99 percent and the ceiling of
the private points system is set equal to 298 percent of the average earnings (OECD, 2009).
The pension benefits are determined as an average of the 25 best years. Additionally, index-



ation given on benefits depends on inflation on prices in France.

Furthermore, in Sweden a combination of a public notional accounts scheme and a private
defined contribution scheme exists in the second pillar. In a notional accounts scheme, the
contributions of each worker are recorded on an individual account on which a rate of return
is applied. At retirement, the amount of capital on the accounts is converted into an annuity
which is based on the life expectancy. Just as in France, the accrual rate is higher for contri-
butions above the ceiling. The ceiling is set equal to 110 percent of the average earnings in
this system. As before, a lifetime average is used to determine pension benefits. Besides that,
indexation is also related to prices. The contribution rate of the defined contribution scheme
is set equal to 2.5 percent. Moreover, for a large quasi-mandatory scheme, the contribution
rate differs; the rate is equal to 4.5 percent up to an earnings threshold, while above this
threshold the contribution rate equals 30 percent.

Additionally, in Ireland the public pension is a basic scheme paying a flat rate to all who
meet the contribution conditions, where the maximum values are 28.9 percent of average
earnings. A means-tested pension exists in order to provide a safety net for the low-income
elderly, where the benefit of a single person is worth 27 percent of average earnings. Finally,
voluntary occupational pension schemes exist in Ireland, which are assumed to be defined
contribution schemes with a contribution rate of 10 percent. These voluntary occupational
pension schemes have broad coverage, namely over half of the employees.

As can be seen, pension systems differ a lot across European countries. All these differ-
ences within systems have an effect on the funding ratio of pension funds. Furthermore,
conditional assets and liabilities will have different values across the systems mentioned, as
contributions paid and real benefits received are determined in various ways. Additionally,
retirement ages are not the same for all European countries and on top of that different sur-
vival probabilities are used by different pension funds. All these results have an effect that
are affecting the funding ratio. Due to these differences, the financial position of different
pension funds (with different systems) will become clear with the help of the holistic balance
sheet.

1.2 FTK Regulation vs. revised IORP Directive

The proposed new rules in the revised IORP Directive differ with already existing rules in
the pension industry. As in this thesis the focus lies on pension funds within the Netherlands,
only the differences of the revised IORP Directive with respect to the regulation in the Dutch
pension industry are emphasized.

Between the FTK Regulation as known now in the Netherlands and the revised IORP Direc-
tive are three main differences. First of all, a holistic balance sheet is used, which is a more
complete balance sheet than pension funds are used to. Second of all, the solvency capital
requirement might be determined with a different certainty level. And finally, the liabilities
are valued differently.

1.2.1 Holistic Balance Sheet

In addition to the usual, unconditional assets and liabilities, as they are stated on the tradi-
tional balance sheet, other conditional assets and liabilities are added on the holistic balance
sheet, called embedded options. These are options on different kind of policy instruments a
pension fund can use. A distinction can be made between two kinds of policy instruments,
namely steering instruments and adjustment instruments, which leads to two kinds of options



(i.e. steering options and adjustment options).

Within the steering options, one can consider two different kind of options a pension fund
can have, namely the sponsor support and the pension protection fund option. Within the
adjustment options, one can make a distinction between positive adjustments and negative
adjustments.

Steering options:

e The sponsor support is equal to zero in case no sponsor pays the pension fund, and
will have a positive value in case a sponsor guarantees to pay a certain amount to a
pension fund depending on the financial position of the fund. The sponsor support
is stated on the asset side of the holistic balance sheet. Such a sponsor can either
be someone outside the pension fund itself, think of an employer, or it can be the
total group of working participants within the pension fund. Therefore, there are two
main examples of the sponsor support, namely the employer guarantee option and the
employee contribution option;

e The pension protection fund option does not play a role in most countries. However,
as explained in Section 1.1, a pension protection fund exists in the United Kingdom
and in Germany. This option is stated on the asset side of the holistic balance sheet.

Adjustment options:

e Positive adjustment mechanism is equal to zero in case no indexation would be given
at all and increases in value as more positive indexation is given in addition to the
benefits. The value of this option is stated on the liability side of the holistic balance
sheet, as the pension fund pays the indexation to its members. An example of a positive
adjustment mechanism is the indexation option;

e Negative adjustment mechanism is equal to zero in case the pension members just
receive their accrued benefits. However, in case the funding ratio will become extremely
low, the benefits will be cut in certain policies. In such policies, the negative adjustment
mechanism will have a negative value, which is stated on the liability side of the holistic
balance sheet. An example of a negative adjustment mechanism is the sustainability
cut option.

1.2.2 Solvency Capital Requirement

Within the FTK regulation, pension funds should have a buffer such that the probability of
underfunding in the next period will be smaller than 2.5%, i.e.:

P[FRy41 < 100%] < 2.5%,

where P stands for the real probability measure and where FR;11 = ‘223 is the funding ratio
at time ¢ + 1. Here A;41 and L;y; are the assets and liabilities of the pension fund at time
t 4+ 1 respectively.

The standard approach to determine this required buffer is done with the so called ’square
root formula’, which is further explained in Appendix A. The result is that a pension fund

should hold a required funding ratio equal to FR™? = 1+ S, where S is given in (20).

However, in the proposed new IORP Directive, the solvency capital requirement of the pen-
sion fund might be determined at a different certainty level:

P[FRy41 < 100%] < c%. (1)



The certainty with which (1) should be determined is still open and should be either deter-
mined with a certainty level of 95%, 97.5%, or 99.5%, i.e. ¢ should be equal to 5, 2.5, or 0.5
respectively. Since this certainty level is still not set, in the remainder of this thesis the focus
lies at the 97.5% certainty level.

1.2.3 Valuation method

The third main difference between the FTK regulation and the revised IORP Directive is the
way in which liabilities are valued. In both regulations the valuation is based on the risk free
term structure. In the FTK regulation, the swap curve is used as if it were the risk free term
structure. Due to the fact that in the swap curve some credit risk is included, this results
in a slightly higher term structure than the actual risk free term structure. However, in the
proposed new IORP Directive, it is really stressed that the risk free term structure should
be used. Therefore, EIOPA advices to lower the swap curve with 10 basis points, in order to
adjust for the credit risk.

Furthermore, the term structure is stabilized in the long run according to the ultimate for-
ward rate method, which is further explained in Appendix B. This results in either a higher
term structure in the long run in case the current interest rate is low or a lower term structure
in the long run in case the current interest rate is high.

Finally, an illiquidity premium might be added in times where the interest rate market is less
liquid, which causes the term structure to increase. Note that this premium is most of the
time equal to zero, and only gets a positive value in case of stressful financial markets.
Besides that, the value of the liabilities is increased by an extra risk margin of a fixed per-
centage point.

However, there are two reasons that this new valuation method will not be used in the
remainder of this thesis. First of all, as the valuation method is still uncertain and under
investigation, it is not clear yet which exact parameters will be used in the revised IORP
Directive. Secondly, due to a different valuation method, the liabilities and the adjustment
mechanism on the holistic balance sheet will not be valued market consistently, as is pointed
out later on.

1.3 Research description

The proposed holistic balance sheet approach is a new method of financial supervision. In
this study the impact on the balance sheet of a pension fund is analyzed for different kind
of pension policies of a pension fund. Furthermore, the generational effects of those different
pension policy options are presented. This is an important issue, since it is the main task
for the trustees of a pension fund to treat the interests of all different stakeholders (retirees,
older participants and younger participants) in an equal way.

In addition to the proposed method of implementing the holistic balance sheet, different
methods are analyzed. First the effects of a ’dynamic holistic balance sheet’ will be pre-
sented, which is a new approach in setting up a holistic balance sheet. In addition, also the
effect of taking future pension accrual ("Projected Benefit Obligation method’) is shown.

In setting up the holistic balance sheet framework, several aspects are investigated.

First of all, it is shown how a holistic balance sheet is set up. As explained before, condi-
tional assets and liabilities are stated on the holistic balance sheet next to the usual assets
and liabilities that are stated on the traditional balance sheet.

It is explained how the sponsor support and adjustment mechanism are valued as embedded
options on the holistic balance sheet, where risk neutral valuation is used. Furthermore, it



is investigated what the effects of different policies are on those option values.

EIOPA gave the advice to the European Commission to value the different options on the
holistic balance sheet in accumulated benefit obligation (ABO) terms. Hence, the advice is to
fictitiously close the fund at the moment the options are valued, while in reality the pension
fund will remain open for new participants.

The effect of this assumption is that the options are valued as if no new benefits will be
accrued and as if no contributions will be paid by the participants that are already in the
fund at the moment the holistic balance sheet is composed. As is pointed out later on, this
assumption has a great influence on the magnitude of the different option values.

A reason that EIOPA advices to fictitiously close the fund at time zero could be that with this
approach the trustees of a pension fund have fewer possibilities for differences in subjective
interpretations in order to value the options on the holistic balance sheet and its resulting
holistic funding ratio. In case of considering an open fund, the fund can make its own pro-
jections on the evolution of the fund, where those projections can easily be adjusted in order
to manipulate the regulator to be able to prove to the regulator that the fund is solvent.
However, considering an open fund instead of a fictitiously closed fund will result in the
fact that the holistic balance sheet gives a more reasonable picture of the actual financial
position of the fund, as it is stated in projected benefit obligation (PBO) terms instead and
can therefore be used to see whether the fund is sustainable.

The holistic balance sheet can also be implemented as a solvency measure. For the ficti-
tiously closed fund framework EIOPA proposes a solvency measure with the help of the
options on the holistic balance sheet to test whether the fund is solvent. Here the solvency
capital requirement S plays an important role.

Besides the solvency measure of EIOPA, a new solvency measure is proposed in this thesis
which can easily be used for both the fictitiously closed fund and for the open fund frame-
work. This solvency measure is called the dynamic solvency measure.

Both solvency measures are compared with each other, where it is emphasized that the out-
comes of the solvency tests have to be in line with the expectations the participants have of
the fund. Therefore, also a generational study is done.

As is pointed out later on, this generational study does not make much sense in the closed
fund framework. The reason for this consequence is that the fund will be fictitiously closed,
hence the policy the fund has is not adjusted to the fact that the fund is closed. Therefore
it is nowhere stated to whom the residue of the pension fund belongs, which gives the wrong
picture in the generational effects.

Hence, the generational effects that are shown make only sense in the open fund framework,
where the residue does not belong to a specific group of cohorts as the residue is needed as
a buffer for shocks that might occur in the financial market.

In Section 2 it is explained how the options on the holistic balance sheet are valued, where
also the structure of the pension fund itself is set out. In Section 3 it is investigated what the
effect of different policies is on the different option values for a closed fund. The two solvency
measures are introduced in Section 4, where it still is assumed that the fund is fictitiously
closed. In Section 5 the fund is considered open, where it is investigated what the effects of
an open fund are with respect to a closed fund. For both the closed and open fund framework
a generational study is done. Finally, in Section 6 a conclusion is given.



2 Holistic balance sheet

In this section the holistic balance sheet is set up. First, related literature is described in
Section 2.1. In Section 2.2 the model is introduced, which is used to value the embedded
options on the holistic balance sheet. In Section 2.3 the differences of the traditional balance
sheet and the holistic balance sheet are presented, whereafter the valuation of the embedded
options is explained.

2.1 Related literature

The holistic balance sheet is a completely new definition that is introduced by EIOPA in
the revision of the IORP Directive. It is a balance sheet that gives a better view of the
actual financial position of a pension fund, which takes into account the different steering
and adjustment instruments a pension fund has as it values these instruments as embedded
options on the holistic balance sheet.

Kocken (2006) applies techniques from risk management and option theory to value em-
bedded options and their hedging strategies in pension funds. The main conclusion is that
properly constructed hedging strategies can add substantial value to pension funds, where
both interest rate hedging strategies and option based equity hedging strategies can be ap-
plied. In case of options strategies, the pension fund characteristics are extremely important,
as different characteristics require different strategies, where the policy of the fund, the ma-
turity of its participants, and the indexation policy play an important role.

Kortleve and Ponds (2006) introduced a similar idea as the holistic balance sheet where they
call it the balance sheet in economic value terms. This balance sheet is set out in a PBO
framework, where the contribution option and indexation option are valued as embedded
options on the balance sheet in economic value terms. In order to do so, value-based ALM
is used, where the future outcomes of the ALM model are discounted back to time zero with
appropriate discount factors, called deflators. They emphasized that it can be seen that a
pension fund is a zero sum game in value terms, as the balance sheet in economic value terms
is balanced. The main differences between the approach Kortleve and Ponds (2006) use with
respect to the approach in this thesis are that in this thesis the future outcomes of the ALM
model are valued to time zero with risk neutral valuation instead of with the deflator ap-
proach. Furthermore, the holistic balance sheet will be set out in both a ABO framework and
a PBO framework. Additionally, the different options will be set out in separated segments
in order to give more insights.

Besides the valuing of embedded options on the holistic balance sheet, these options can
be divided among different generations to give insight into the different generational effects.
Hoevenaars and Ponds (2008) compare different pension plans in terms of generational ac-
counts, where the generational account option can be divided into two embedded options,
namely the net benefit option and the residue option. To value the future outcomes to
time zero, appropriate discount factors are used. They show that value-based generational
accounting is useful to control for the intergenerational value transfers, that might occur
whenever a pension fund decides to change its policy.

A more extensive study on generational accounting is done by Lekniute (2011), where a sim-
ilar approach is used as in the study of Hoevenaars and Ponds (2008). Lekniute (2011) uses
risk neutral valuation instead of appropriate discount factors to value the future outcomes to
time zero. In this study it is concluded that no best or optimal choice for pension redesign
is available, as it depends on the goals that are being pursued by the pension fund. How-
ever, it does give insights into the direction and magnitude of the effects of different policy
measures and the intergenerational value transfers. Lekniute (2011) uses an ALM model to



value the different generational effects. In this thesis, the same ALM model is used to value
the embedded options on the holistic balance sheet.

2.2 Model description
2.2.1 Classical ALM vs. value-based ALM

An Asset-Liability Management (ALM) analysis is a method to evaluate the pension contract.
An ALM model uses a risk model that produces stochastic simulations of returns on assets,
inflation, and other relevant economic data. The scenarios produced by the economic model
are used in the ALM model to calculate the liabilities of a pension fund at different points in
time. At the same time the model calculates the evolution of the assets, with the help of the
investment strategy of the pension fund and the contribution rate set the participants have
to pay. With the value of the assets and the liabilities the funding ratio can be determined
over a range of future point in time.

Classical ALM analysis is a tool that shows a pension funds evolution of the funding ra-
tio. It is able to provide the probability of underfunding at a specified moment in time.
Furthermore, the classical ALM model is able to show the magnitude of the contribution
level in different scenarios, in which scenarios negative or positive indexation will be given,
and the resulting pension result for the participants within the pension fund. Therefore it
is a useful tool for policy makers to be able to make well formed decisions. However, as
Chapman, Gordon, and Speed (2001) emphasize, when projections are made further into
the future, the uncertainty about key outputs increases. The classical ALM model produces
funnels of doubt, where the funnels of doubts are wider whenever an asset mix is chosen with
a higher expected return and thus whenever more risk is taken by the pension fund.

As Chapman et al. (2001) point out, a classical ALM analysis is a qualitative method
for explaining different risks, where it is useful and gives insights into pension developments.
However, classical ALM is not able to give underfunding of a pension fund a value, to give
different stakeholders a value and to provide value transfers among different stakeholders in
case of changing the characteristics of a pension fund and its policy.

In order to be able to value the different options on the holistic balance sheet and to show
their generational effects, value-based ALM analysis is used in this thesis. Value-based ALM
is able to give the pension contract a value, where the downside risk gets a higher value
than the upside potential, as stakeholders experience extremely low investment returns more
negative than they experience extremely high investment returns positive.

In order to do so, a pricing kernel method or risk neutral valuation can be used to value
the assets and liabilities, which will both be further explained in Section 2.2.2. In case of
the pricing kernel method, the cash flows are valued by using appropriate discount factors
to value them back to time zero as is done by Hoevenaars and Ponds (2008). In risk neutral
valuation, risk neutral scenarios are used to value the cash flows back to time zero with the
risk free rate. The latter approach will be used in this thesis to value the embedded options
on the holistic balance sheet and their generational effects.

2.2.2 Valuation method

In this thesis, the liabilities of a pension fund and the embedded options on the holistic
balance sheet are valued. These liabilities and options should be valued market consistently,
since if the price will be higher or lower than the market consistent price, arbitrage exists.
The Fundamental Theorem of Asset Pricing (FTAP) is needed to make sure there is absence



of arbitrage.

Before we introduce the FTAP, the important notion in finance of taking expectations under
different probability measures is explained. Furthermore, it should be known that different
probability measures are equivalent if they agree on which events are possible and which
events are not. A change of measure can be realized by the 'Radon-Nikodym derivative’
(Schumacher, 2011).

Suppose, there are two different probability measures P and Q. If there exists a random
variable 6 such that the following holds:

EUX = EPoX,

for all random variables X, then # is said to be the Radon-Nikodym derivative of Q with
respect to P, where it should hold that E¥6 = 1 and 6; > 0 for all 7 in order to make sure that
Q is indeed another probability measure. Here ET is the expectation under the probability
measure P and E? is the expectation under the probability measure Q.

The same change of measure can be applied for random processes, such as Brownian motions,
instead of random variables. In this case, 6, is called the 'Radon-Nikodym process’ such that,
for all 0 < s <t it holds that

where X; is a stochastic variable, and where F indicates an expectation conditional on in-
formation available at time s. Again similar restrictions should hold, namely EE’Z—t =1 and
fp=1, i.e. the Radon-Nikodym process is a positive P-martingale.

A theorem exists about the change of probability measure, namely the Girsanov theorem,
which makes it easier to apply a change of measure in case of working with stochastic differ-
ential equations. The Girsanov theorem states that if we have a Brownian motion under the
probability measure P and a process \; with mild boundedness conditions, then the scalar
process 0; defined by

dby = =0 A dWy, =1

is a positive P-martingale which we can take as a Radon-Nikodym process that defines a
change of measure from the original probability measure PP to a new probability measure Q.
Under this new measure Q, the process WtQ defined by

W2 = \dt + dW,

is a Brownian motion.
Hence, the Girsanov theorem states that changing the probability measure is actually a
change in the drift term of the process, as the drift A\; is added to the stochastic process.

As the concept of changing the probability measure is explained, the FTAP can be pre-
sented, which can be written in two different forms (Schumacher, 2011):

There is absence of arbitrage < There exists a strictly positive stochastic discount factor

There is absence of arbitrage < For any given numéraire, there is an equivalent measure
such that the current relative price (relevant to the numéraire) is equal to the expectation of
its future relative price under the new measure

Therefore, to value the liabilities and options, two different methods can be used. The first
method is equivalent with the first form of the FTAP and is called the pricing kernel method,
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in which price process are multiplied by a strictly positive stochastic discount factor, such
that they all become martingales under P, i.e.:

E;KrYr = K.Y,

where Y; is a price process and K; is a stochastic process for the pricing kernel, where it
holds that Ky = 1. Therefore, an asset Y valued to time zero can be derived as

Yo = E{KrYr. (2)

The second method to value the liabilities and options is the equivalent martingale measure
method, which is equivalent with the second form of the FTAP. The FTAP says any numéraire
Ny can be chosen, where a numéraire should be always positive, a traded asset, a self-financing
portfolio, and adapted to the problem at hand. If there is a probability measure Qn which
is equivalent to the real probability measure P such that it holds that

E;@N (YT) — £7
N Ni
then there is no arbitrage, where Y; is a price process. The probability measure Qx can be
found with the help of the Girsanov theorem.
In case the money market account is chosen as numéraire, which is the riskless asset, then the
associated equivalent martingale measure is called the risk neutral measure. It turns out that
under the risk neutral measure, the expected return on all assets is the riskless return; using
the risk neutral measure results in being in a risk neutral world. The risk neutral valuation

method is thus a special form of the equivalent martingale measure method. The value of
the same asset Y at time zero can be valued with risk neutral valuation as

Yy = EQe Yy, (3)

where r is the risk free rate, "7 is the value of the numéraire at time T, and Q is the risk
neutral measure. Note that the risk free rate is the same for all maturities in this example,
while it will not be in the remainder of this thesis.

Therefore, assets can be valued in both forms given in (2) and (3), as they provide the same
market consistent value.

In the remainder of this thesis, risk neutral valuation is used. The risk model that is in-
troduced in Section 2.2.3 returns 5000 risk neutral scenarios according to the risk neutral
measure Q which will be inserted into the ALM model that is introduced in Section 2.2.5.

2.2.3 Risk model

As explained, an ALM model uses a risk model, i.e. an economic scenario generator, that
produces stochastic simulations of returns on assets, inflation, and other relevant economic
data.

Risk models widely used by the financial industry regarded events such as the 2008 credit
crisis as highly unlikely. These models assumed volatilities and correlations to be constant,
while both volatilities and correlations became much more extreme during the financial crisis
(Van den Goorbergh, Molenaar, Steenbeek, and Vlaar, 2011).

Therefore, the risk model used in this thesis has two additional features, to overcome these

drawbacks. First of all, stochastic jumps are introduced, which represent a sudden loss in
confidence of the market with the consequence that the stock market drops significantly, risk
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free interest rates decrease, and credit spreads increase significantly.

Secondly, a time-varying covariance matrix for normally distributed shocks is implemented
in the risk model, such that volatilities and correlations can be varied. Here two dominant
sources of time-varying risks are assumed, namely monetary uncertainty and real uncertainty.
Furthermore, the time-varying second moments generate asymmetry in interest rates, infla-
tion, and credit spreads, with the consequence that negative interest rates exist less likely.
The nominal and real term structure are modeled with an affine term structure model within
this risk model. The model can be used under both real world and risk neutral scenarios, in
which both arbitrage opportunities are absent.

This risk model with the nominal term structure is introduced by Van den Goorbergh et
al. (2011) and is derived from six stochastic and four deterministic state variables. The
stochastic variables are modeled with a quarterly vector autoregressive model as follows:

7T€+1
1)
Y1

s 1/2
Ti41 = o+l =c+To + Jppv + ZSt/ Cit1,

dyt+1

CSt41

mpe+1

where
et = (Ie — I') (ko + pzme) — pu,

Ct+1 ~ N(0716)a
(1)

where m; is the log of the annual inflation in the Eurozone, y; ’ is the continuously com-
pounded three-month Euribor, xs; is the quarterly log excess return on the stock market,
dy; is the dividend yield in logit form, cs; is the credit spread between US Baa bonds and
treasuries measured in log percentages, and mp; is an unobservable variable called the ma-
turity preference, which measures time-varying influences on bond prices that are unrelated
to the other state variables.

Furthermore, J;;1 is the jump indicator which is equal to one with probability p and zero
otherwise and the diagonal matrix S; captures the time-varying volatilities.

The four deterministic state variables are the medium-term price assumption 7; and three

different lagged quarterly inflation 7} (i.e. lagged one, two, and three quarters).

The term structure is modeled as an affine model as

rt(n) = exp(A, + Bx) — 1, (4)
where rt(") expresses the rate with maturity n of the term structure at time ¢. Both a nominal
and a real term structure can be derived from this model. Note that also the four determin-
istic variables are included in z;, where the last three deterministic variables are equal to
zero for the nominal term structure. For the exact specifications see Van den Goorbergh et
al. (2011).
The rate T,En) is used in the remainder of this thesis to value the liabilities and the adjust-
ment mechanism, in order to make sure that everything is valued in a market consistent way.
Therefore, the valuation method introduced in Section 1.2.3 is not used in this thesis.

As emphasized before, we use real world scenarios and risk neutral scenarios in this the-
sis. Both are derived by the model introduced above. For an extensive explanation of the
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risk neutral measure used in the risk model, see Lin and Vlaar (2011).

An additional variable that is needed in an ALM model for a pension fund is the aver-
age wage growth. As wage growth is not traded in the market, a linear regression is used to
generate scenarios for it:

Wit1 = o+ Prwe + Bomipq + 53%(1) + €11, (5)

where w is the wage growth, « is the inflation, and y(*) is the short term interest rate. In
(5) the wage growth is estimated under the real probability measure P.

In order to generate the wage growth under the risk neutral measure Q, a similar regression
is used, where the market related variables = and y(") are inserted from the risk model
introduced above under the risk neutral measure:

1
w9+1 =a%+ ﬂlw;@ + 52779-4-1 + 53915 At €t41-

Here the 3 coefficients are the same as in (5), while a? is adjusted, such that it is made sure
that the wage growth under the risk neutral measure is a martingale.

The total risk model that is used in the ALM model generates 5000 scenarios, both un-
der the real probability measure P and the risk neutral measure Q.

2.2.4 Pension fund characteristics

A pension fund can have different policies which it maintains. In Section 3, several different
policies are compared, where the following aspects are assumed equal for each of those policies:

e The pension system is an average wage scheme, since this is the dominant type in the
Netherlands, as described in Section 1.1;

e The contribution paid by the pension members is uniform across generations and sce-
narios;

e The benefits received by the pension members are indexed for wage growth, which is
uniform across generations;

e The accrual rate € is set equal to two percent of the wage level;

e An individual in the pension fund is assumed to enter the fund at the age of 25, to pay
contributions during his/her working life, to start receiving pension benefits at the age
of 65, and to decease at the age of 99 at maximum;

e The investment strategy considered consists of a portfolio invested for 50 percent in
stocks and for 50 percent in bonds, where the investment portfolio will be rebalanced
each time period.

For the number of participants within the fund, a dataset supplied by CBS (Statistics Nether-
lands) is used. This dataset includes the size of the Dutch population for each cohort and
their survival probabilities. Furthermore, it contains projections of both the population size
and the survival probabilities for future years. Additionally, the dataset is gender specific,
as it is known that males and females have different survival probabilities.

In the model, the initial Dutch population is used as a starting point, which is adjusted each
time step by multiplying the population by their one year conditional survival probabilities:

male male

male _
Popw+17t+l - Popm,t Pzt s
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where Pop contains the number of males of age = at time ¢ and p;’fﬁle =1-g

the one year survival probability, where q;’ftale is the one year death probability, i.e. the
probability that a male person of age x will not survive another year at time ¢.

For participants entering the fund after time zero, i.e. generations which are not 25 years
old yet at time zero, the data of the population size is used once again, as it contains the

projections of the population.

A sensitivity analysis is done in Section 4 and Section 5. Here two pension fund charac-
teristics mentioned above are varied. First of all, the investment strategy is changed in two
more extreme strategies, namely a portfolio consisting of stocks completely and a portfolio
consisting of bonds completely. Secondly, the pension fund itself is varied, where the Dutch
fund is replaced by both a green fund and a gray fund. The specifications of these three
funds are displayed in Appendix C.

2.2.5 ALM model

The risk model introduced in Section 2.2.3 is inserted in the ALM model that is explained
in this section.

As known, a pension fund has assets A and liabilities L. The funding ratio of a pension fund
is the number which represents whether the liabilities can be covered by the assets, and is
determined as follows: 4

FRny = —,
N In
where Ly is the value of the nominal liabilities, and F'Ry is the nominal funding ratio.
In the ALM model, the initial assets of the pension fund are determined by multiplying the
initial nominal funding ratio by the initial nominal liabilities, which in turn is calculated as
the present value of the total accrued benefit claims at time zero.

As assumed, participants accrue benefits at a rate of two percent per year. Therefore, since
a participant works for maximal 40 years, he/she can collect 80 percent of his/her average
wage (plus indexation) at maximum, as after the retirement age the pension payments start.
This results in an accrued benefits matrix, in which each row represents a different scenario
and each column a different generation. Therefore the accrued benefits matrix at the start
of time zero can be shown as follows:

0 002 ... 08 ... 08
Bo=|: & ooioi
0 002 ... 08 ... 08

which is updated with the average wage level matrix each time period. The accrued benefits
matrix is multiplied by the population, such that is known how much the fund has to pay
out in the future. To determine the present value of these accrued benefits, each element in
the matrix should be multiplied by an appropriate discount factor, in which also the survival
probabilities are contained. The nominal discount factor for a male individual of age = at
time ¢ for scenario s is calculated as:

99—z

smal l AN
Dy = Z (i—)Po(i—t) 4 (1 + 7}(2) ) (6)
i=max(65—x,0)
where rﬁﬁ expresses the rate with maturity ¢ from the nominal term structure at time ¢ in
scenario s, which is introduced in (4) in Section 2.2.3 and where (;_y)py—(i—¢)¢ is the (i — )
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survival probability of an individual aged = — (i —t) at time ¢. Note that the market consistent
term structure is used within the discount factor, such that the liabilities and the adjustment
mechanism will be valued as such.

The discount factor is a summation that starts at maxz(65 — ,0) as the accrued benefits of
the participants are only paid out when the participant is 65 years or older, where the pension
payments start in 65 — x years if the participant is not yet retired. The summation ends
at 99 — x, as the pension payments stop at the moment the participant deceases, where the
age of 99 is the maximum age of the participant. This results in a discount matrix for each
gender in which again each row represents a scenario and each column represents a cohort.
The discount matrix at time zero for the gender male can be shown as follows:

1,male 1,male
D25,0 D99,0
Dmale _ . .
0 . . .
5000,male 5000,male
D25,0 ce D99,0

Now, the liability matrix per gender LI™" is calculated as an elementwise matrix multi-
plication of the accrued benefits matrix and the discount matrix (multiplied by the number
of participants, which is the same for each scenario). Therefore, the structure of the liability
matrix is the same as the structure of the accrued benefits matrix and the discount matrix;
each row represents a scenario, while each column represents a cohort. The value of the
nominal liabilities are calculated per scenario, where it is a summation over all cohorts. For
instance, the value of the initial nominal liabilities (at time zero) for scenario s are calculated
as follows:

99 99
s _ s,male s,female
No = E Ly + E Ly .
=25 =25

Recall that the initial asset value for each scenario is calculated by multiplying the initial
funding ratio by the value of the nominal liabilities for that same scenario.

As the initial values are set, the actual ALM model can start its time loop. Here, a horizon of
15 years into the future is considered, as this is approximately equal to the average duration
of the liabilities. There are two main frameworks considered in this thesis, namely an open
fund is considered in which new participants enter the fund after time zero and in which new
benefits are accrued and contributions are paid by the working participants. Besides that,
a fund is considered which is fictitiously closed at time zero, in which no new participants
can enter after time zero, no new benefits are accrued, and no contributions are paid by the
participants already in the fund at time zero.

In the open fund framework, new benefits are accrued by the working participants at the
beginning of each time period. Furthermore, the working participants pay their contributions
and the pensioned participants receive their benefits at the start of each period. The contri-
butions are added to the assets, while the benefit payments are subtracted from the assets.
The resulting asset value is invested in a certain investment portfolio each time period, which
will be rebalanced each period:

64
S = (Ag +Y - (Pop;?jtale + Pop] :m‘”E)
=25

99
=65

15



inv,s

where r; is the return at time ¢ in scenario s of the portfolio invested in and is obtained
from the risk model introduced in Section 2.2.3. The level of the contributions ¢; and the
benefits b for a person aged ¢ at time ¢ in scenario s depend on the average wage level and
the policy considered by the pension fund. In what way the contribution level and indexed
benefit level will be determined is further explained in Section 2.4 and Section 2.5.

In the closed fund framework, no new participants can enter the fund, no contributions
are paid, and no new benefits are accrued by the participants in the fund. Therefore, the
evolution of the assets is different than in the open fund framework and will evolve as follows:

64
§+1 _ (Af + Z C;ec,s . (POpﬁale + Pop{jmale)
1=25

99
— Z bf . (Pop:-f;ale + POp{jmale)) . (1 + rinv,S)’
i=65

in which ¢;““® represents the percentage points of recovery premium at time ¢ in scenario
s the participants have to pay in certain policies where the pension fund uses the steering
instrument recovery premium. In what way this percentage point of recovery premium is

determined is further explained in Section 2.4.1.

After the investment returns are received by the pension fund at time ¢, the entitlements
of the oldest cohort, the participants aged 99 at the start of time ¢, are removed, as all those
participants are deceased during time period ¢. Thereafter, the indexation level the partici-
pants will receive over their accrued benefits at time ¢+ 1 is determined. This indexation level
depends on the policy of the fund, where different types of indexation are further explained
in Section 2.5.

Due to indexed accrued benefits, the value of the liabilities changes, where the value increases
in case positive indexation is given and where the liabilities decrease in value if negative in-
dexation is given. Therefore, these indexed accrued benefits affect the funding ratio of the
fund. With this resulting funding ratio, the level of contribution in the open fund framework
and the level of recovery premium in the closed fund framework are determined, which the
participants pay at the beginning of time ¢ + 1.

At the end of the time period, the wage level matrix is adjusted for the new average wage
level, with which the accrued benefits are determined, and the new cohorts aged 25 are added
in the open fund framework.

With the ALM model the pension result PR can be determined, which shows the purchasing
power of wages of the pension the participants receive, i.e. it is a ratio of the cumulative
indexation given to the participants to the cumulative wage growth:

IL (14 wp)’
where ¢ is the level of indexation given at time t in scenario s and w; is the wage level

at time ¢ in scenario s. The level of indexation 4 is given in (11) and further explained in
Section 2.5.

2.3 From traditional balance sheet to holistic balance sheet

A pension fund has a balance sheet on which the assets and liabilities of the fund are stated,
which we call the traditional balance sheet in this thesis. A traditional balance sheet gives
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the financial position of a firm at one moment in time and is given in Table 1.
However, as a pension fund has steering and adjustment instruments, the actual financial

Traditional Balance Sheet
Assets Ay | Liabilities Ly

Residue Ry

Ap A
Table 1: The traditional balance sheet

position of a pension fund is not displayed in the traditional balance sheet. Recall the exam-
ple of the two different pension funds with the same traditional balance sheet, where fund 1
gives conditional indexation and fund 2 has the additional right to cut benefits. The actual
financial position of fund 2 is much better comparing it with the financial position of fund 1.
Therefore, the traditional balance sheet does not provide the actual financial position of a
pension fund.

The holistic balance sheet approach does include the steering and adjustment instruments
of a pension fund and values them as embedded options on the holistic balance sheet. The
steering option that is valued on the holistic balance sheet is named the ’sponsor support’ and
the adjustment option that is valued on the holistic balance sheet is named the ’adjustment
mechanism’, following the names introduced by EIOPA.

In Table 2 the holistic balance sheet in a closed fund framework is given, i.e. no new partic-

Holistic Balance Sheet
Assets Ay Liabilities Ly

Sponsor support Vors Adjustment mechanism VM
Residue option VORO
Ay + VPPS Ag + VSPS

Table 2: The holistic balance sheet in the closed fund framework

ipants are entering the fund after time zero, no contributions are paid, and no new benefits
are accrued. In order to obtain a balanced holistic balance sheet, the residue option is added
on the liability side, which can be either positive or negative.

In an open fund framework, the holistic balance sheet looks slightly different, as two ad-

ditional aspects are added on the balance sheet, namely the contributions paid and the new
benefits accrued during the horizon considered.

Holistic Balance Sheet

Assets Ay Liabilities Lo
Contributions CON New accrued benefits NAB
Sponsor support Vors Adjustment mechanism VM
Residue option Vo
Ay + CON + Vg@Ps Ay + CON + VPs

Table 3: The holistic balance sheet in the open fund framework
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In Table 3 the holistic balance sheet in the open fund framework is displayed, where again
the residue option is added on the liability side such that the holistic balance sheet is balanced.

The valuation of all the additions on the holistic balance sheet with respect to the tradi-
tional balance sheet are explained in the remaining sections. In Section 2.4 the valuation of
the sponsor support is explained, in Section 2.5 the valuation of the adjustment mechanism
is explained, in Section 2.6 the valuation of the residue option is explained, and finally in
Section 2.7 the two additional aspects in the open fund framework are valued.

The closed fund framework is considered in Section 3 and Section 4, while the open fund
framework is considered in Section 5.

2.4 Sponsor Support

A pension fund can have some sponsor support, which it can use as steering instrument. The
sponsor support can be split up into two parts. First the employee contribution option is
explained in Section 2.4.1, whereafter the employer guarantee option is considered in Sec-
tion 2.4.2.

Here the pension protection fund will not be considered, as this type of steering is not used
within the Netherlands.

2.4.1 Employee contribution option

In order to be able to determine the value of the employee contribution option Vi, first
the cost covering contribution rate cpese is needed, which the working participants within a
fund have to pay. This contribution rate cpqse is set such that the costs of the pension fund
are covered, i.e. the contribution rate is set each year equal to the total new accrued benefits
in that year divided by the total working population in that year, which is raised with the
percentage of required equity:

NAB;
29654:25 (Popgf?le + Popiftmale)

(1+9), (7)

Chase,t =

where S is as given in (20) in Appendix A and N AB; is the value of the new accrued benefits
at time ¢ which is further explained in (16) in Section 2.7.2.

A pension fund always receives the cost covering contribution from their participants, there-
fore this value itself is not an option for the pension fund. However, the recovery premium
is, as the pension fund has the option to increase the cost covering contribution cpqse by a
certain percentage point, which depends on the nominal funding ratio as follows:

Cpase,t + 1 if FRy, < floor;
ct = Chase,t + €% if floor < FRy . < cap;
Chase,t if FRN,t 2 cap,

where "¢t > ¢"¢¢z,

In order to determine the employee contribution option, one needs to take into account
the difference between the actual contribution paid by the participants and the cost covering
contribution, i.e. ¢ — ¢pase- The contribution rate is a percentage of the wage level, there-
fore to obtain an absolute value, this difference should be multiplied with the wage level.
Furthermore, the total number of working participants should be taken into account, which
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results in:
64

c;ool,t = Z (C Chase t) (Popmale + Po female) _ (8)
=25

Now, (8) provides the amount of euros all the working participants pay to the pension fund
on top of the cost covering contribution rate, for one particular scenario s and one moment
in time t. To value the employee contribution option, all the scenarios and time moments
over the horizon considered should be taken into account. As emphasized in Section 2.2.2,
to value the options, risk neutral valuation is applied. Therefore, (8) should be discounted
back to time zero with the risk free rate. In addition, the expectation with respect to the
risk neutral probability measure should be taken, which results in the value of the employee
contribution option at time zero:

= Egp (TZl Cpool,t ﬁ (1>> 9 (9)
t=0 jo \EHTEE

where r¢; is the risk free rate at time ¢ and EQ is the expectation under the probability
measure Q.

Note that the contribution option will be equal to zero in case the contribution rate is set
equal to the cost covering contribution rate.

2.4.2 Employer guarantee option

Besides some sponsor support from the working participants of a pension fund, also the
employer might provide the fund with some guarantees. In this thesis, one type of employer
guarantee is considered, namely the type where the employers pay the pension fund an
amount of money in case the funding ratio falls below some level floorgg. The amount the
employers have to pay is equal to the amount such that the funding ratio will be brought
back to the level floorpg again as follows:

BG, — (floorgg — FRny) - Lyt if FRyy < floorgg;
710 if FRy ;> floorgg,

The employer guarantee EG; is added to the assets of the fund Ay, such that the funding
ratio F'Ry,; will be equal to floorgg again.

In order to value the employee guarantee option, again risk neutral valuation is used, where
the option value at time zero will be derived as follows:

g (ZEGtH<1+T”>> (10)

2.4.3 Valuing the sponsor support

In Section 2.4.1 and Section 2.4.2 the employee contribution option and the employer guar-
antee option are explained respectively. The value of the sponsor support at time zero is
simply the sum of both option values:

VSPS VEC + VEG

where V¢ is given in (9) and VY is given in (10).
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2.5 Adjustment mechanism

Besides steering options, also adjustment options are stated on the holistic balance sheet.
Adjustment options thank their name, as they adjust the accrued benefits of the partici-
pants. Such an adjustment can either be positive or negative, i.e. the indexation given can
either be positive or negative.

There are three types of positive adjustments that can be given to participants that are
considered in this thesis, namely indexation, catch up indexation, and surplus sharing.
Furthermore, two negative adjustments are considered, namely the sustainability cut and the
five year recovery plan, which are both reductions of the accrued benefits.

In Section 2.5.1-2.5.5 all these adjustment rules are explained separately, whereas the valua-
tion of the adjustment mechanism is explained in Section 2.5.6.

2.5.1 Indexation

A pension fund can choose a pension system in which a choice can be made between three
types of indexation that can be given, namely:

e No indexation:
In this case, in each year no indexation is given (ind; = 0).

e Full indexation:
In this case, no matter what happens, full indexation is given each year (ind; = w).

e Conditional indexation:
Indexation depends on the nominal funding ratio as follows:

0 it FRy .+ < floor;
indy = { TS, if floor < FRy, < cap;
Wy it FRy+ > cap.

If wy < 0, then no indexation is given instead of wy.

A pension without indexation is half a pension?, therefore this type will not be considered
in the ALM analysis in the remainder of this thesis.

Conditional indexation is mostly used within the Netherlands and is considered a strong
adjustment instrument, as is shown in Section 3.

2.5.2 Catch up indexation

In the Netherlands, a well known type of positive adjustment is the catch up indexation in
which participants receive their missed indexation back, as due to conditional indexation,
the sustainability cut, and the five year recovery plan members do not receive full indexation
in each scenario in this thesis.
Catch up indexation gives missed indexation back to the members in case the funding ratio
is above a certain level FRY”.

indmissedcum; if FRy; > FRY?, FRxL S 1 + indmissedcumy;

PRy
. FR . FR . .
indy; = FRoer — 1 if FRy; > FRY?, Freer < 1+ indmissedcumsy;
N N
0 otherwise,

2Consider an inflation rate of two percent per year, and a working life of 40 years, then one euro will be

worth 01240 = 0.45 after 40 years in purchasing power.
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where indmissedcum is the cumulative missed indexation, which is determined as

1—|—wt
1+

indmissedcum; =

where ¢ is the actual indexation given, i.e. positive and negative indexation are taken into

account, which is defined by
5

i =Y (1+indgy) -1, (11)
k=1

where inds ¢, inds ¢, and inds; are defined in Section 2.5.3, Section 2.5.4, and Section 2.5.5
respectively.
Note that catch up indexation will be given until the funding ratio reaches the level F R
again. Besides this, additional conditions are needed. The first additional condition is that
catch up indexation is given subject to a maximum, such that not all catch up indexation
will be received in one period, but is smoothed over time:

indg s < catchup™®®.

The second additional condition is that the cumulative indexation that the participants
missed indmissedcum should be larger then zero, otherwise the participants get a negative
adjustment instead:

indmissedcum; > 0.

2.5.3 Surplus sharing

The last positive adjustment considered is surplus sharing, in which participants share in the
surplus of the fund. This positive adjustment instrument is only used in case the funding
ratio reaches high levels. These high levels will mostly be reached due to high investment
returns. Whereas a pension fund is a zero sum game and is not introduced to make profits,
a pension fund can choose to let their participants share in the surplus, which is a policy
instrument that also is used within the Netherlands.

The amount of surplus sharing is determined conditional on the level of the funding ratio,
whereas the members share in the surplus if the funding ratio is above a certain level FRY/ of,
In this case, the positive indexation level is equal to:

. 0 if FRy; < FRY/;
maz¢ = FRN,t . T0
: 1 (FRé:of _ 1) if FRy, > FRET,

where ~ is the number of years over which the profit sharing is smoothed. Again note that
the participants only share in the surplus as long as the funding ratio is still above F Rﬁ;of .

2.5.4 Sustainability cut

The first type of a negative adjustment is the sustainability cut, which actually can be seen
as a type of negative indexation or a reduction. The sustainability cut is introduced in case
the funding ratio is low.

The accrued benefits will be cut in case the funding ratio falls below a certain level F R,
Here they are cut such that the funding ratio will be brought back to FRR" immediately.
The negative adjustment is determined as follows:

FRN. ¢ . i
. e — 1 1fFRNt<FRm"L'
inds s = FRE™ ’ N
bt { if FRy: > FRY™.
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2.5.5 Recovery plan

The last negative adjustment instrument is the recovery plan. In the Netherlands it is stated
in the FTK regulation that a pension fund should have a funding ratio that is equal to at
least some fixed value. However, if the funding ratio will get below this value, due to for
instance low investment returns, a fund has to start a short recovery plan. In this thesis, a
five year recovery plan will be considered.

A five year recovery plan starts if the funding ratio falls below a certain level floor. In this
case the funding ratio should be at a required level each next year, if this required level is
not met next year, the benefits of the participants are cut.

The funding ratio which falls below floor for the first time is denoted by F'R}. Such that
the funding ratio F'R}; will be at least equal to floor again in five years, the level with which
the funding ratio should be increased each year is equal to

floor — FRy
3 .
Therefore the funding ratio that should at least be reached next year is equal to

floor — FRY

FRy® = FRy + -

Next year the benefits are cut by a factor such that the funding ratio will be equal to at least
FR}¢ immediately:

FRn: . rec.
imds, — | PR 1 PRy < FRY
’ 0 if FRy, > FRig,

After this, the required funding ratio for the next year is increased by the same factor
floor—FRY .

—

floor — F R},

5

After five years the level floor is reached for sure, in which case the recovery plan is finished.
In the worst case, the benefits are cut each year, which is the case if the funding ratio does
not meet the required level F'R}7¢. However, it can also be the case that the benefits will not
be cut at all, which is the case if the funding ratio meets the required level F'R}¢ by itself,
due to for instance investment returns.

rec __ rec
FRN:=FRNG 1+

2.5.6 Valuing the adjustment mechanism

Now all the adjustment instruments are explained, the value of the adjustment mechanism
can be determined. Here the adjustment mechanism is separated into five parts, namely:

e The indexation option;

e The catch up indexation option;

The surplus sharing option;

The sustainability cut option;

e The recovery plan option.
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Each of these five options can be determined separately. In each time step ind; (i = 1,...,5)
is determined according to the policy ladders explained in Section 2.5.1-2.5.5. The fraction
ind; is multiplied with the accrued benefits matrix, note that the indexation given at time
zero is equal to zero: ‘

BZT?’S = indf,thl - By,
which in turn is multiplied pointwise by the amount of participants and the discount matrix
(and summed over all cohorts):

99
ind;,s § : ind;,s s,male male s,female female
Bpool t+1 Ba:,t-lb-l : (D:c,t POp D:v,t POp ) ) (12)
=25

where the oldest cohort is not included in Pop™®¢ and Popf¢™®¢ and where the discount
factor D, ; includes the term structure at the end of time ¢.

Here (12) gives the amount of indexation given per type of indexation, which can either be
positive or negative, to all the participants in the fund for one particular scenario s and one
moment in time .

To value one particular option, risk neutral valuation is used, where all the values should be
discounted to time zero with the risk free rate:

yind: = g9 (Z Bmglt H <1 +Tfk>> -

t=1

The approach explained in (13) can be executed for each type of indexation, which results in
five different option values, namely the indexation option value V("Ld1 the catch up indexation
option value Vomk’7 the surplus sharing option value V "dJ, the sustainability cut option value
Vomd“, and the recovery plan option value de'.

To determine the value at time zero of the total adjustment mechanism, one can simply add
the five separate option values, or repeat the approach with ¢ instead of ind, where i is given
n (11). Therefore the value of the adjustment mechanism can be determined as follows:

T t
. 1
AJVI ind Q i
E VW' = E, g B I | _— , 14
0 <t_1 pool,t P (1 +Tf,k)> ( )

where

7,8 s,male male s,female female
Bpool 1 = § Qg1 Bipg (Dz,t POP Dz,t - Popy. .
=25

Note that in case no adjustment is done, i.e. ind; = 0, Vomd?‘ will not have any value.

2.6 Residue option

In order to keep the holistic balance sheet balanced, a residue option can be determined,
which is the present value of the residue after a horizon of T years. To determine the value of
this option, risk neutral valuation is used, where the residue at time 7" should be discounted
back to time zero with the risk free rate as follows:

V{0 = EQ ((AT — L7) H <1+17‘fk>> .
=0 )

k
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2.7 Additional aspects in open fund framework

Next to the unconditional assets, the unconditional liabilities, the sponsor support, the ad-
justment mechanism, and the residue option, two additional aspects are stated on the holistic
balance sheet in the open fund framework with respect to the closed fund framework. The
first aspect is the value of the contributions, where the valuation is discussed in Section 2.7.1.
The second aspect is the value of the new accrued benefits, where the valuation is discussed
in Section 2.7.2.

2.7.1 Contributions

The contributions CON are valued in a similar way as the employee contribution option.
The employee contribution option consists of the contributions the employers pay on top
of the cost covering contribution. Therefore, in order to obtain a balanced holistic balance
sheet, the contributions CON are exactly the cost covering contribution. First of all, the
contributions paid by all the working participants at time ¢ can be valued for each scenario
s as the cost covering contribution multiplied by the working participants multiplied by the
wage level, i.e.:

64

o l female
CONppor ¢ = g Chase * Wy 1 * (Popgf “+ Pop, ) . (15)
=25

Secondly, the contributions should be valued at the total horizon considered and valued back
to time zero with the help of risk neutral valuation. Hence, the value of the contributions at
time zero is equal to

T-1 t 1
CON = E® CONpool ¢ () ,
’ (Z T e \ 1T

t=0

where conpeor, is given in (15).

2.7.2 New accrued benefits

The new accrued benefits NAB are valued in a similar way as the adjustment mechanism.
Where the adjustment mechanism consists of the indexation given over the accrued benefits,
the value of the new accrued benefits reflects the nominal value of the new accrued benefits.
First of all, the new accrued benefits at time ¢t are valued as the sum of the accrual rate ¢
multiplied by the wage level for the working participants:

64
NAB; = Z € wy (D;’)Tule . Popg:”?le + D;’){emale . Popiimule) . (16)
=25

Secondly, the new accrued benefits should be valued at the total horizon considered and
valued back to time zero as follows:

T-1 t
NAB = E (Z NAB [ ] (lefk>> ,

t=0 k=0

where NAB; is given in (16).
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3 Effect of different policies on option values in closed
fund framework

Policy = Employee Employer Indexation Catch up Surplus Sustainability Recovery

contribution guarantee sharing cut plan
1 full
2 conditional
3 recovery conditional
4 recovery conditional v
5 recovery conditional v v
6 recovery conditional v v v
7 recovery conditional v v v v
8 recovery v conditional v v v v

Table 4: Different policies that will be considered in the remainder of this section

In this section eight different policies are considered, where an overview is given in Ta-
ble 4. Tt can be seen that in each policy an additional policy instrument is added compared
to the previous policy. First of all, in Policy 1 no policy instruments will be used by the
pension fund, where in each case full indexation is given to each participant.

In Policy 2, the adjustment instrument conditional indexation is introduced, where full in-
dexation will not be given in all different scenarios. Full indexation is only given in case the
funding ratio is larger than or equal to 130%, no indexation is given in case the funding ratio
is smaller than or equal to 100% and conditional indexation is given in between.

In Policy 3, a recovery premium is added to Policy 2, which is also dependent on the funding
ratio of the pension fund. In case the funding ratio is smaller than or equal to 95% , the
recovery premium is equal to 4 percentage points and in case the funding ratio is in between
95% and 100%, the recovery premium is equal to 2 percentage points.

Catch up indexation is introduced and added to Policy 3 in Policy 4. Catch up indexation
will be given to the participants of the fund if the funding ratio is larger than 130%.

A sustainability cut is added in Policy 5, which occurs if the funding ratio falls below 85%.
In Policy 6, the five year recovery plan is introduced, in which the funding ratio should be
brought back to 100% after five years.

The participants share in the surplus of the pension fund in case the funding ratio is above
140% in Policy 7, where the surplus is smoothed over 10 years.

Finally, in Policy 8 the employer guarantee is added to Policy 7, where the employer pays
in case the funding ratio is below 90%, i.e. due to a sustainability cut which is used if the
funding ratio is below 85%, the employer will pay at most for the difference in the funding
ratio between 85% and 90%.

On certain levels of the funding ratio, several policy instruments are used by the pension
fund. As is shown in Section 4.4.6, the order of the policy instruments will have an influence
on the different option values on the holistic balance sheet. Therefore in Figure 1 an overview
is given of the different policy instruments, in which order they will be used by the pension
fund, dependent on its funding ratio.

For each policy considered, it is investigated what the effects will be on the different op-
tion values on the holistic balance sheet. To give more insight into the policies and the
changes they cause, first a classical ALM analysis is done. Here it can be seen how the
funding ratio and the pension result will evolve over time dependent on the policy chosen.
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Figure 1: Order of policy instruments the pension fund can use dependent on its funding ratio

Furthermore, for each policy instrument the percentage of usage will be shown, which is a

140%

130%

100%

95%

90%

85%

Full indexation
Catch up indexation
Surplus sharing smoothed over 10 years

Full indexation
Catch up indexation

Conditional indexation

No indexation
Five year recovery plan
Recovery premium of 2 percentage points

No indexation
Five year recovery plan
Recovery premium of 4 percentage points

No indexation
Employer guarantee
Recovery premium of 4 percentage points

No indexation
Sustainability cut
Recovery premium of 4 percentage points

percentage across scenarios and time, along with its standard deviation.

After the classical ALM analysis, a value-based ALM analysis will be done. Here risk neutral
valuation is used to value the different options that are stated on the holistic balance sheet.

Furthermore, the following assumptions are made:

Finally, this section is concluded by showing the different generational effects each policy has

The pension fund will be closed at time zero;

The initial funding ratio of the pension fund is equal to the required funding ratio
according to the FTK regulation, i.e. FRy = FR™ =1+ .5, where the determination
of S is explained in Appendix A;

The pension fund invests for 50 percent in stocks and for 50 percent in bonds, where
the portfolio composition is rebalanced each time period;

The participants within the fund are a projection of the Dutch population;

The horizon considered is equal to 15 years.

by creating three disjoint cohort groups.
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3.1 Policy 1: No steering
3.1.1 Classical ALM analysis

In Table 5 the classical ALM output is shown of Policy 1. It can be seen how the funding ratio
evolves over time, where the expectation, standard deviation, probability of underfunding,
and quantiles are given for the funding ratio after 15 years. The same information is shown
for the pension result, where additionally the probability of negative indexation after 15 years
is given. Furthermore, for the contribution, the indexation, and the employer guarantee, per
scenario the probability of usage of these separate instruments is calculated. After that, the
mean and standard deviation are derived over all scenarios, where the mean is given in the
first column and the standard deviation is given between brackets. The same structure holds
for the classical ALM output tables of the other seven policies.

As can be seen in Table 4 no form of steering is present in Policy 1; the pension fund
does not use any of the steering and adjustment instruments. Therefore, this policy is com-
parable with a life insurance contract; the pension fund promises to give their participants
an annuity in the future, which starts at the retirement date and is conditional on being still
alive, just like a traditional life annuity which can be bought from an insurance company.
From the classical ALM output displayed in Table 5, it can also easily be seen that no policy
instruments are used and full indexation will be given in every scenario, which results in
a pension result equal to one. The consequence is that the funding ratio will become very
volatile, where the 2.5% quantile is extremely low and equal to 0.506 and the 97.5% quantile
is extremely high and equal to 2.490. It can be seen that without using policy instruments,
the probability of underfunding after the horizon of 15 years is equal to 0.279, which indicates
that a pension fund with this policy will not be able to pay the participants their full indexed
at time zero accrued benefits in case of scenarios where the return on investments is low, i.e.
bad states of the world.

Funding ratio Positive indexation Pension result

E[FRN 15] 1.314 no indexation 0.000 (0.000) | E[PR1s5] 1.000

o[F RN 15) 0.496 cond. indexation  0.000 (0.000) | o[PRy5] 0.000

P[FRn15 < 1] 0.279 full indexation 1.000 (0.000) | PR{Y?5 1.000

FR%',?1255 0.506 catch up ind. 0.000 (0.000) | PRYDY0 1.000

F R(]]\-f?loé) 1.256 surplus sharing 0.000 (0.000) | PR{S™ 1.000

FR?VQE’ 2.490 Pli;5 < 0]  0.000
Negative indexation

Contribution sustainability cut  0.000 (0.000) | Employer guarantee

Plemec > 0] 0.000 (0.000) | recovery plan 0.000 (0.000) | P[EG > 0] 0.000 (0.000)

Table 5: Classical ALM output Policy 1

3.1.2 Value-based ALM analysis

These results can be translated into the holistic balance sheet, which is presented in Table 6.3
First of all, it can be seen that the initial funding ratio of the pension fund is equal to 1.175,
as this is equal to the unconditional assets divided by the unconditional liabilities.

Furthermore, it can be seen that the value of the residue option is negative, which can be
divided into a surplus option and a deficit option. The high probability of underfunding is

3The holistic balance sheet is not precisely balanced due to rebalancing the investment portfolio each year
and the existence of rounding-off errors.

27



Holistic Balance Sheet

Assets (Ap) 117.5 | Liabilities (Lg) 100.0

Sponsor support (V%) 0 Adjustment mechanism (V7*M) 35.6
Employee contribution option 0 Indexation option 3
Employer guarantee option 0 Catch up indexation option
Surplus sharing option
Sustainability cut option
Recovery plan option

Residue option (V{9) -17.7
Surplus option 14.7
Deficit option -32.4

oco o oW

117.5 117.9

Table 6: Holistic balance sheet Policy 1

translated into the deficit option, which gets an extremely high negative value, as bad states
get a higher value in a risk neutral world. Furthermore, the surplus option gets a lower
positive value than the deficit option since the good states (i.e. the states where there is no
underfunding) get a lower value than the bad states.

Finally, due to giving indexation in each scenario in spite of what happens to the financial
position of the pension fund, the indexation option gets a value of 35.6, which is a very
expensive option with respect to the value of the nominal liabilities.

3.2 Policy 2: Conditional indexation

3.2.1 Classical ALM analysis

Funding ratio Positive indexation Pension result

E[FRn 5] 1.478 no indexation 0.129 (0.192) | E[PR1s5] 0.907

o[F RN 15) 0.442 cond. indexation  0.356 (0.214) | o[PRis] 0.082

P[FRy15 <1] 0.107 full indexation 0.515 (0.297) | PR{:0? 0.705

FRY% 0.773 catch up ind. 0.000 (0.000) | PR{S% 0.856

FR?\'/%&O 1.409 surplus sharing 0.000 (0.000) | PRYS™S 1.000

FR(I)\;?fE? 2.555 Pli1s < 0] 0.000
Negative indexation

Contribution sustainability cut  0.000 (0.000) | Employer guarantee

Plemec > 0] 0.000 (0.000) | recovery plan 0.000 (0.000) | P[EG > 0] 0.000 (0.000)

Table 7: Classical ALM output Policy 2

In Policy 2 the instrument conditional indexation is used, which means that the partici-
pants of the fund will not get full indexation in every scenario, instead, it will be dependent
on the financial position of the fund. It can be seen from the Classical ALM output in Table 7
that in this case in only approximately half of the time full indexation will be given. Further-
more, in even 12.9 percent? of the time no indexation at all is given to the participants of the

4The 12.9 percent given is the mean calculated over all scenarios and all years considered, where still a
certain amount of risk is present, as the standard deviation is positive and equal to 0.192, i.e. in certain
scenarios the percentage of giving no indexation lies even higher than the 12.9 percent given.
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Holistic Balance Sheet

Assets (Ao) 117.5 | Liabilities (Lo)

Sponsor support (V%) 0 Adjustment mechanism (V7*M)
Employee contribution option 0 Indexation option 1
Employer guarantee option 0 Catch up indexation option
Surplus sharing option
Sustainability cut option
Recovery plan option

Residue option (V{9)

Surplus option 17.5
Deficit option -12.6

oo o oW

117.5

Table 8: Holistic balance sheet Policy 2

fund. This obviously affects the pension result, which is not equal to one in each scenario
anymore.

Besides that, the policy instrument conditional indexation has an effect on the funding ratio,
which becomes less volatile as in Policy 1. Furthermore, the funding ratio levels become
higher, as the liabilities of the fund decrease in Policy 2 with respect to Policy 1. This leads
to a probability of underfunding equal to 0.108, which is almost three times as low as in
case no conditional indexation will be given. This indicates that introducing conditional
indexation is a powerful tool for a pension fund.

3.2.2 Value-based ALM analysis

All the effects shown in the classical ALM analysis are translated into the holistic balance
sheet shown in Table 8. Note that the unconditional assets and liabilities remain the same,
as the initial funding ratio is exactly equal to the initial funding ratio of Policy 1.
Furthermore, the residue option increases in value from -17.7 to 4.9, which is mostly explained
by the change in the deficit option, which decreases significantly in absolute value due to the
decrease in the probability of underfunding. The surplus option also increases, since the
funding ratio levels increase with respect to Policy 1.

Finally, the value of the indexation option is equal to 13, which is almost three times as low
as the value of the same option in Policy 1. The reason that this value decreases this much is
that in the bad states no indexation will be given at all. In a risk neutral world, all scenarios
get a different drift term, due to the Girsanov theorem. As can be seen in Table 7, more
good scenarios are present (i.e. scenarios in which overfunding occurs) than bad scenarios
(i.e. scenarios in which underfunding occurs). Hence, to obtain a risk neutral world, i.e. a
world where the probability of the presence of good scenarios and bad scenarios are equal,
the bad scenarios get a higher value attached to it.

3.3 Policy 3: Additional instrument: recovery premium
3.3.1 Classical ALM analysis

In Policy 3 an additional recovery premium is added to Policy 2 as can be seen in Table 4.
Table 9 indicates that the effect of introducing recovery premium is not as high as the effect
of introducing conditional indexation. First thing to note is that when introducing the policy
instrument recovery premium, this instrument will be used in 11.8 percent of the time.
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Funding ratio Positive indexation Pension result

E[FRn 5] 1.489 no indexation 0.123 (0.181) | E[PR1s5] 0.909

o[F RN 15) 0.437 cond. indexation  0.358 (0.215) | o[PRis] 0.080

P[FRn15 <1] 0.098 full indexation 0.519 (0.293) | PR{:0? 0.713

FRYY% 0.804 catch up ind. 0.000 (0.000) | PR{S%0 0.928

FR?\'/%&O 1.421 surplus sharing 0.000 (0.000) | PR{S™ 1.000

FR%?{E? 2.555 Pliis < 0]  0.000
Negative indexation

Contribution sustainability cut  0.000 (0.000) | Employer guarantee

Plemec > 0] 0.117 (0.172) | recovery plan 0.000 (0.000) | P[EG > 0] 0.000 (0.000)

Table 9: Classical ALM output Policy 3

As the policy instrument recovery premium is only used at funding ratio levels lower than
one, the 97.5% quantile of the funding ratio will not display a significant change after 15
years with respect to Policy 2. However, the 2.5% quantile increases significantly from 0.773
to 0.804. This affects the probability of underfunding, which decreases by one percentage
point.

This increase in funding ratio levels leads to the fact that no indexation will be given in 0.6
percentage point less of the time with respect to Policy 2 and that full indexation is given in
0.4 percentage point more of the time. This affects the pension result, as the 2.5% quantile
increases from 0.705 to 0.713, while the volatility decreases.

3.3.2 Value-based ALM analysis

Holistic Balance Sheet

Assets (Ao) 117.5 | Liabilities (Lo)

Sponsor support (V%) 2.0 | Adjustment mechanism (VM)
Employee contribution option 2.0 Indexation option 1
Employer guarantee option 0 Catch up indexation option
Surplus sharing option
Sustainability cut option
Recovery plan option

Residue option (V{©)

Surplus option 17.9
Deficit option -11.1

oo o oW

119.5

Table 10: Holistic balance sheet Policy 3

All these effects are displayed in the holistic balance sheet in Table 10. The employee
contribution option gets a positive value, which causes the residue option to increase, as the
pension fund is a zero sum game. The deficit option decreases more in absolute value with
respect to Policy 2 than the surplus option increases, as introducing recovery premium has
more effect on the lower quantiles of the funding ratio.

Furthermore, as there will be given more indexation due to introducing recovery premium,
although not much more, the indexation option increases in value from 13.0 to 13.1.
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3.4 Policy 4: Additional instrument: catch up indexation

3.4.1 Classical ALM analysis

Funding ratio Positive indexation Pension result

E[FRn 15) 1.420 no indexation 0.129 (0.183) | E[PR1s5] 0.944

o[FRN,15) 0.419 cond. indexation  0.377 (0.221) | o[PRys] 0.083

P[FRn15 < 1] 0.112 full indexation 0.494 (0.298) | PR{:0? 0.717

FR?V’O%? 0.788 catch up ind. 0.125 (0.090) | PRYSO0 0.997

FRSJ\;?{JE? 1.323 surplus sharing 0.000 (0.000) | PRYS™ 1.000

FRS{',?{E? 2.497 Pli1s < 0] 0.000
Negative indexation

Contribution sustainability cut  0.000 (0.000) | Employer guarantee

P[c™ec > 0] 0.123 (0.174) | recovery plan 0.000 (0.000) | P[EG > 0] 0.000 (0.000)

Table 11: Classical ALM output Policy 4

In Policy 4 the participants get their missed indexation back in case the funding ratio is
high. From the classical ALM output in Table 11 it can be seen that in 12.5% of the time
catch up indexation will be given, which affects all the other classical output results.

First of all, due to introducing catch up indexation, the funding ratio levels will decrease,
where the decrease is the most significant in the higher quantiles, as catch up indexation is
only given in case the funding ratio is higher than 130%. Still, the probability of underfunding
increases from 9.8% to 11.2% with respect to Policy 3.

Due to the decrease in the funding ratio levels, the normal indexation given is less. Where in
Policy 3 in 12.3% of the time no indexation will be given, in Policy 4 this percentage increases
to 12.9. Furthermore, the time full indexation is given decreases with respect to Policy 3.
In total, the pension result increases, as catch up indexation will be given, which is mostly
reflected in the 50% quantile, which increases from 0.928 to 0.997 with respect to Policy 3.
The lowest quantile (2.5%) will not increase that much, as in these scenarios the funding
level is not high enough such that catch up indexation can be given.

Finally, it can be seen from Table 11 that the percentage that the steering instrument recovery
premium will be used increases from 11.7% to 12.3%.

3.4.2 Value-based ALM analysis

All these consequences of introducing catch up indexation are translated into the holistic
balance sheet in Table 12. First of all, the residue option decreases in value, as the deficit
option increases in absolute value due to an increase in the probability of underfunding and
the surplus option decreases due to lower funding ratio levels.

Furthermore, it can be seen that the adjustment mechanism increases from 13.1 to 14.3, as
the catch up indexation option gets a positive value. The indexation option itself decreases
in value from 13.1 to 13.0, since less indexation will be given.

Finally, the employee contribution option increases in value by a small amount (from 1.996
to 2.010), which is not a significant increase. The reason for this effect is that the probability
of paying recovery premium is approximately the same for both policies in the first ten years,
whereas the probability increases in Policy 4 after the tenth year with respect to Policy 3.
However, as the fund is closed at time zero, the effect of paying recovery premium at later
years will not have extremely significant effects.
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Holistic Balance Sheet

Assets (Ap) 117.5 | Liabilities (Lg) 100.0
Sponsor support (V%) 2.0 | Adjustment mechanism (VM) 14.3
Employee contribution option 2.0 Indexation option 13.0
Employer guarantee option 0 Catch up indexation option 1.3
Surplus sharing option 0
Sustainability cut option 0
Recovery plan option 0
Residue option (V{9) 5.6
Surplus option 16.8
Deficit option -11.2
119.5 119.9
Table 12: Holistic balance sheet Policy 4
3.5 Policy 5: Additional instrument: sustainability cut
3.5.1 Classical ALM analysis
Funding ratio Positive indexation Pension result
E[FRnN 15| 1.442 no indexation 0.109 (0.144) | E[PR1s] 0.934
o[FRN,15] 0.401 cond. indexation  0.383 (0.220) | o[PR1s5) 0.104
P[FRn15 < 1] 0.083 full indexation 0.508 (0.287) | PR)Y? 0.637
FRY? 0.872 catch up ind. 0.139 (0.101) | PR{P% 0.997
FRYY 1.340 surplus sharing 0.000 (0.000) | PRYS™ 1.000
FR?\',?{,? 2.497 Pliys < 0]  0.020
Negative indexation
Contribution sustainability cut  0.025 (0.054) | Employer guarantee
Plcmec > 0] 0.104 (0.137) | recovery plan 0.000 (0.000) | P[EG > 0] 0.000 (0.000)

Table 13: Classical ALM output Policy 5

In Policy 5 a sustainability cut is introduced, which means that the benefits will be cut
immediately if the funding ratio falls below 85%. As can be seen from Table 13 this occurs
2.5% of the time.

The first effect of introducing such a cut is that the lower funding ratio levels will increase,
where the 2.5% quantile will always be higher than 0.85, which also can be seen in Table 13.
Furthermore, introducing cuts will not significantly affect the 97.5% quantile after 15 years,
which remains approximately the same with respect to Policy 4. Therefore, the funding ratio
becomes less volatile. Additionally, these results cause the probability of underfunding to
decrease by approximately two percentage points.

The indexation given will increase in Policy 5 with respect to Policy 4, since the funding ratio
increases. As can be seen from Table 13 the time no indexation will be given at all decreases
by two percentage points (where also the standard deviation decreases significantly), while
the time full indexation is given increases by 1.4 percentage points. Furthermore, catch up
indexation also increases by 1.4 percentage points.

Both the increase in indexation and the cuts have an effect on the pension result, which
will decrease. The effect is largest for the 2.5% quantile, as in the downside the adjustment
instrument the sustainability cut will be used and no indexation is given at all. It can be
seen that this quantile decreases from 0.717 to 0.637. Due to this consequence, the pension
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result gets more volatile.

Finally, it can be seen that the time where recovery premium is used, decreases from 12.3%
to 10.4%, as the lower quantiles of the funding ratio increase in this case. Additionally, the
standard deviation of using the instrument recovery premium decreases.

3.5.2 Value-based ALM analysis

Holistic Balance Sheet

Assets (Ap) 117.5 | Liabilities (Lg)

Sponsor support (VgF9) 1.6 | Adjustment mechanism (Vi)
Employee contribution option 1.6 Indexation option 13.4
Employer guarantee option 0 Catch up indexation option 1.8

Surplus sharing option 0
Sustainability cut option -12.1
Recovery plan option 0
Residue option (Vi7©)
Surplus option 18.2
Deficit option -1.7
119.1

Table 14: Holistic balance sheet Policy 5

All these effects are translated into the holistic balance sheet in Table 14. First of all,
it can be seen that the residue option increases significantly in value from 5.6 to 16.5. This
effect can mostly be related to the decrease in absolute value of the deficit option from -11.2
to -1.7, as the probability of underfunding decreases and the lower quantiles of the funding
ratio increase with respect to Policy 4 due to the sustainability cut. Besides that, the surplus
option also increases, although not as much as the deficit option.

Second of all, the indexation option increases in value from 13.0 to 13.4 and the catch up
indexation option increases in value from 1.3 to 1.8, which both increase due to the fact that
more indexation will be given in Policy 5.

Third of all, it can be seen in Table 14 that the sustainability cut option gets a negative
value, which is significant. The reason for this significant negative value is that the benefits
will only be reduced in bad scenarios (scenarios where there is underfunding), which get a
high negative value in a risk neutral world. In total, this leads to an adjustment mechanism
that decreases significantly.

Finally, it can be seen that the employee contribution option decreases in value from 2.0 to
1.6, since the recovery premium is used in fewer scenarios due to introducing the sustainability
cut.

3.6 Policy 6: Additional instrument: recovery plan
3.6.1 Classical ALM analysis

In Policy 6 an additional five year recovery plan is introduced, where each year of the recovery
plan a certain funding ratio level should be reached. In case the levels are not reached, the
benefits are cut. First of all, it can be seen from Table 15 that the benefits are reduced in
3.0% of the times due to this recovery plan.

The first effect of such a recovery plan is that the different funding ratio levels increase,
where the most significant increase is shown in the 2.5% quantile of the funding ratio, as
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Funding ratio Positive indexation Pension result

E[FRy 15] 1.457 no indexation 0.097 (0.121) | E[PRy5]  0.927

o[F RN 15) 0.393 cond. indexation  0.382 (0.221) | o[PRis] 0.114

P[FRn15 < 1] 0.067 full indexation 0.521 (0.277) | PR{:Y? 0.611

FRYY% 0.945 catch up ind. 0.153 (0.114) | PRYS0 0.996

FRP 1.355 surplus sharing  0.000 (0.000) | PRY™  1.000

FR(I)\',?fE? 2.497 Pli1s < 0] 0.030
Negative indexation

Contribution sustainability cut  0.020 (0.043) | Employer guarantee

Plemec > 0] 0.092 (0.114) | recovery plan 0.030 (0.059) | P[EG > 0] 0.000 (0.000)

Table 15: Classical ALM output Policy 6

the recovery plan is only used in case the funding ratio is lower than 1.0, which causes the
volatility of the funding ratio to decrease. Furthermore, the probability of underfunding is
decreased by 1.6 percentage point due to introducing a recovery plan.

Due to higher funding ratio levels, the indexation given increases. It can be seen from
Table 15 that the times where no indexation at all will be given, decreases from 10.9% to
9.7% with respect to Policy 5. Furthermore, full indexation can be given to the participants
in more scenarios, namely in 1.3 percentage points of the time. Finally, the probability of
the occurrence of catch up indexation also increases due to the five year recovery plan.

By introducing a recovery plan, the sustainability cut is not used as much as without the
recovery plan. The time the sustainability cut is used decreases by 0.5 percentage point.
Both the amount of indexation and reduction given have an effect on the pension result,
which will decrease in the lower quantiles. Due to the fact that the higher quantiles will not
decrease, the volatility of the pension result increases.

Finally, as the funding ratio levels are higher by introducing a recovery plan, the recovery
premium is not used as much as in Policy 5; it decreases from 10.4% to 9.2%.

3.6.2 Value-based ALM analysis

Holistic Balance Sheet

Assets (Ao) 117.5 | Liabilities (Lg)

Sponsor support (V%) 1.1 | Adjustment mechanism (VM)
Employee contribution option 1.1 Indexation option 14.0
Employer guarantee option 0 Catch up indexation option 2.4

Surplus sharing option 0
Sustainability cut option -6.4
Recovery plan option -9.6
Residue option (V{9)
Surplus option 19.2
Deficit option -0.6
118.6

Table 16: Holistic balance sheet Policy 6
Again, the values of the different options on the holistic balance sheet in Table 16 can be

explained with all these effects. First of all, due to increasing funding ratio levels, the value
of the residue option increases. Where this increase is due to both an increase in the surplus
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and a decrease in absolute value in the deficit option, as both funding ratio levels above and
below 100% increase by introducing a recovery plan.

The positive adjustment options increase in value with respect to Policy 5, with the same
reasoning as before; more indexation and catch up indexation will be given.

Furthermore, the values of the negative adjustment options decrease with respect to Policy 5
due to the fact that the recovery plan option gets a high negative value. The reason that this
value is this high, is the same as before, namely that reducing the benefits in bad scenarios
(scenarios where there is underfunding) gets a high negative value in a risk neutral world. It
can also be seen that the sustainability cut option increases in value, as due to introducing
a recovery plan, the sustainability cut is used less than in Policy 5. In total, this causes the
adjustment mechanism to decrease from 3.1 to 0.4.

Finally, it can be seen that the contribution option decreases from 1.6 to 1.1, as the recovery
premium is used less in Policy 6 with respect to Policy 5.

3.7 Policy 7: Additional instrument: surplus sharing
3.7.1 Classical ALM analysis

Funding ratio Positive indexation Pension result

E[FRy 5] 1.348 no indexation 0.100 (0.121) | E[PRy5]  0.984

o[FRN,15) 0.254 cond. indexation  0.399 (0.211) | o[PRys] 0.170

P[FRy1s < 1] 0.075 full indexation  0.501 (0.263) | PROS%  0.611

FR?V’OEE? 0.935 catch up ind. 0.136 (0.112) | PRYSY0 1.002

FRY? 1.306 surplus sharing 0.289 (0.260) | PR{S™ 1.316

FRYY 1.900 Pliys < 0]  0.033
Negative indexation

Contribution sustainability cut  0.020 (0.043) | Employer guarantee

Plc™e¢ > 0] 0.095 (0.114) | recovery plan 0.031 (0.060) | P[EG > 0] 0.000 (0.000)

Table 17: Classical ALM output Policy 7

In Policy 7 the participants share in the surplus in case the funding ratio is above 140%.
It can be seen in Table 17 that in 28.9% of the time the participants share in the surplus.
Note that this surplus sharing is smoothed over 10 years, which explains the result that
the percentage of using the policy instrument surplus sharing is higher than for catch up
indexation, even though catch up indexation will be given already if the funding ratio is
above 130%.
The effect of introducing surplus sharing is visible in the funding ratio levels. The most
significant result is that the 97.5% quantile of the funding ratio decreases from 2.497 to
1.900 with respect to Policy 6. Therefore, due to surplus sharing, the funding ratio will not
get an extremely high value anymore. Since the upper quantile decreases significantly, the
volatility of the funding ratio decreases from 0.393 to 0.254. Besides that, the probability
of underfunding increases by 0.8 percentage point with respect to Policy 6 due to surplus
sharing.
These lower funding ratio levels affect the amount of indexation given. No indexation will be
given in 0.3 percentage point more of the time, while full indexation is given in 2 percentage
points less of the time with respect to Policy 6. This effect also works through on the catch
up indexation, which decreases by 1.7 percentage points.
As the funding ratio levels decrease, the reduction instruments will be used more extensively;
the sustainability cut increases from 1.97% to 2.04%, while the recovery plan increases by
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0.1 percentage point.

Both these indexation and reduction instruments have an effect on the pension result, which
will increase due to the introduction of surplus sharing. This increase is only significant in
the upper quantiles, as only in those quantiles the participants will share in the surplus. It
can be seen that the 97.5% quantile increases from 1.000 to 1.316 with respect to Policy 6.
Finally, due to lower funding ratio levels, the steering instrument recovery premium will be
used more, where the use increases from 9.2% of the time to 9.5% of the time.

3.7.2 Value-based ALM analysis

Holistic Balance Sheet

Assets (Ay) 117.5 | Liabilities (Lg) 100.0

Sponsor support (V%) 1.1 | Adjustment mechanism (VM) 5.6
Employee contribution option 1.1 Indexation option 14.3
Employer guarantee option 0 Catch up indexation option 2.3
Surplus sharing option 5.3
Sustainability cut option -6.5
Recovery plan option -9.8

Residue option (V) 13.4
Surplus option 14.0
Deficit option -0.6

118.6 119.0

Table 18: Holistic balance sheet Policy 7

All the effects discussed can be seen in the value of the options on the holistic balance
sheet in Table 18. The residue option decreases, which is caused by a decrease in the surplus
option from 19.2 to 14.0. The reason for this significant decrease is the fact that the upper
quantiles of the funding ratio are significantly lower in case of surplus sharing.
Furthermore, the positive adjustment options increase in value. The reason for this effect is
that the surplus sharing option gets a positive value. Additionally, the catch up indexation
option decreases in value from 2.4 to 2.3 as less catch up indexation is given in Policy 7 with
respect to Policy 6. Note that the indexation option itself increases in value from 14.0 to
14.3 even though there will be given less percent of the time full indexation. The reason for
this increase in value is that the level of conditional indexation is higher in Policy 7.

As the negative adjustment instruments are used more extensively in Policy 7, the value of
the negative adjustment options decrease with respect to Policy 6. Here the recovery plan
option decreases more in value than the sustainability cut option as the use of the recovery
plan is increased more than the sustainability cut with respect to Policy 6.

In total, the adjustment mechanism increases with respect to Policy 6, as the surplus sharing
option gets a significant value.

Finally, the employee contribution option increases by a small amount from 1.099 to 1.118,
as this steering instrument will be used in more scenarios in Policy 7 than in Policy 6.

3.8 Policy 8: Additional instrument: employer guarantee
3.8.1 Classical ALM analysis

In Policy 8 the employer gives a guarantee in case the funding ratio is between 85% and 90%,
such that it brings the funding ratio back to 90%. Table 19 shows that the employer has to
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Funding ratio Positive indexation Pension result

E[FRn 5] 1.356 no indexation 0.095 (0.115) | E[PR15] 0.998

o[F RN 15) 0.254 cond. indexation  0.398 (0.211) | o[PRy5] 0.156

P[FRy15 < 1] 0.069 full indexation 0.507 (0.261) | PR{:0? 0.668

FRYY% 0.940 catch up ind. 0.136 (0.109) | PR{S% 1.006

FR?\'/%&O 1.313 surplus sharing 0.293 (0.259) | PR{S™ 1.316

FR%’,?{E? 1.915 Pli1s < 0] 0.031
Negative indexation

Contribution sustainability cut  0.018 (0.039) | Employer guarantee

P[c™e® > 0] 0.090 (0.109) | recovery plan 0.029 (0.057) | P[EG > 0] 0.035 (0.058)

Table 19: Classical ALM output Policy 8

pay in 3.5% of the time to make sure the funding ratio is brought back to 90%.

The effect of introducing the employer guarantee is visible on the funding ratio, where the
funding ratio levels are all increased. The effects are not that significant, as the funding ratio
would be brought back to 100% in a five year recovery plan considering a policy without the
employer guarantee like Policy 7. In Policy 8, the funding ratio is brought to 90% immediately,
whereas the funding ratio would be brought back to 90% in several steps in Policy 7. The
probability of underfunding does not change much, it decreases by 0.6 percentage point, as
the effect on the different funding ratio levels is not that significant.

The indexation given to the participants is affected by introducing the employer guarantee.
First of all, due to higher funding ratio levels, in 0.5 percentage point of the time less no
indexation at all is given, while in 0.6 percentage point of the time more full indexation is
given with respect to Policy 7. The effect on the catch up indexation is less visible, as the
catch up indexation given increases from 13.60% to 13.61%. Also the time where surplus
sharing will be given increases by 0.4 percentage point.

As the funding ratio levels increase, the percentage of time where the benefits are reduced
decreases. Both the use of the sustainability cut and the recovery plan decrease by 0.2
percentage point.

The indexation and reduction instruments have an effect on the pension result. As the
benefits will be cut less, the pension result increases. The most significant increase can be
seen in the 2.5% quantile, which increases from 0.611 to 0.668, as the cuts occur in the bad
states where the funding ratio is low. The increase is not visible in the 97.5% quantile, as
the employer guarantee is only implemented in the states where the funding ratio is lower
than 90%.

Due to higher funding ratio levels, the recovery premium instrument will be used less with
respect to Policy 7, which decreases by 0.5 percentage point.

3.8.2 Value-based ALM analysis

The effects just explained can be translated into value terms and added as conditional assets
and liabilities on the holistic balance sheet in Table 20. The first effect that can be seen is
that the residue option increases, as the funding ratio levels increase with respect to Policy 7.
Here the deficit option remains approximately the same; it still decreases in absolute value
(from -0.644 to -0.588) since the probability of underfunding decreases. The surplus option
indicates the largest effect as the largest increases in the funding ratio occur in the higher
quantiles.

The adjustment mechanism also increases. This is due to several aspects. Firstly, the index-
ation option, the catch up indexation option, and the surplus sharing option all increase in
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Holistic Balance Sheet

Assets (Ao) 117.5 | Liabilities (Lo)

Sponsor support (V%) 6.0 | Adjustment mechanism (VM)
Employee contribution option 1.0 Indexation option 14.5
Employer guarantee option 5.0 Catch up indexation option 2.4

Surplus sharing option 5.4
Sustainability cut option -5.7
Recovery plan option -6.8
Residue option (V{9)
Surplus option 14.7
Deficit option -0.6
123.5

Table 20: Holistic balance sheet Policy 8

value as in more percent of the time indexation is given in Policy 8 with respect to Policy 7.
Secondly, the most interesting result of introducing the employer guarantee is the effect on the
negative adjustment options. First of all, the sustainability cut option decreases in absolute
value from -6.5 to -5.7, as due to the employer guarantee the funding ratio is immediately
brought back to 90%, such that in case the funding ratio decreases again to levels below
85% (i.e. levels where the sustainability cut is used), it will not be as far below 85% as in
Policy 7. Second of all, the recovery plan option decreases in absolute value from -9.8 to
-6.8; the benefits will not be cut as much, since in the first few steps of the recovery plan the
recovery funding ratios are already met, due to the employer guarantee.

Finally, the sponsor support increases significantly in value, which is caused by the high
positive value of the employer guarantee option. Even though the instrument is only used in
3.5% of the time, the value is high as this policy instrument is only used in the bad scenarios.
Furthermore, the employee contribution option does not decrease that much in value, as the
use of this steering instrument will not decrease significantly.

3.9 Generational effects in closed fund framework

As a pension fund is introduced to create risk sharing among participants, it is of great
importance that a pension fund will be solvent such that it can meet the promises made
to its participants. Otherwise the younger generations will suffer eventually, as the fund
has no assets left to pay the accrued benefits. On the other hand, a pension fund should
not withhold too much money from their participants as a safety buffer, since in this case
the older participants suffer and too much wealth is pushed into the future to the younger
generations. As can be seen, a pension fund should find an appropriate balance between
these two contrasts.

Therefore, in the analysis in the remainder of this thesis, different cohort groups will be taken
into account to see what effect different policies have on those different cohorts.

A distinction is made between three disjoint cohort groups:

e Young cohorts: participants aged 25 - 44 at time zero;
e Middle cohorts: participants aged 45 - 64 at time zero;
e Old cohorts: participants aged 65 - 99 at time zero.

Note that the disjoint groups are followed through time, where no participant can switch
from one group to another.
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Several options determined for the eight different policies in Section 3.1 up to Section 3.8
can be separated among these three cohort groups, where the employer guarantee option
(guarantee paid by employer) and the residue option cannot yet be allocated among different
cohorts.

The first option that can be divided among cohort groups, is the employee contribution op-
tion VP, which is part of the sponsor support. The employee contribution option has an
effect on the young and middle cohort group only as the old cohort group immediately re-
ceives benefits from time zero on. The higher the value of the employee contribution option,
the more contributions the participants will pay to the pension fund, the worse the effect is
for those participants. Note that the remaining part of the sponsor support, the employer
guarantee option %EG, cannot be assigned to a specific cohort group within the fund.

Besides the employee contribution option, also the value of the adjustment mechanism VOAM
can be separated among the cohort groups, as the adjustment mechanism has an effect on
the accrued benefits. Here a distinction is made between the positive adjustment mechanism,
which is the sum of the positive adjustment options, namely the indexation option, the catch
up indexation option, and the surplus sharing option ind;,inds, and inds respectively, i.e.:

AM+ _ yrind ind ind
Vot = AV AV,

and the negative adjustment mechanism, which is the sum of the negative adjustment options,
namely the sustainability cut option and the recovery plan option ¢nd, and inds respectively,
ie.:

‘/'OAMf — V074nd4 _|_ VoindS-

The higher the value of the positive adjustment mechanism VOAM *, the more indexation the
participants receive, the better the effect is for those participants. On the other hand, the
higher the absolute value of the negative adjustment mechanism, the more the benefits of
the participants are reduced, the worse the effect is for those participants. Note that the
negative adjustment mechanism only has a value for the last four policies.

Finally, on the holistic balance sheet, the residue option is stated. The value of the residue
option VORO cannot simply be allocated among different cohorts, as the residue does not
belong to a specific cohort. However, the value of the residue option still has an effect on
different cohorts, as the higher the residue option, the more wealth will be shifted to the
generations still in the fund after time 7. Therefore, an interesting effect that is considered
is the difference between the value of the residue option V{*© and the residue at time zero
Ry
AR = V{© — R,

as this indicates the value transfer to the younger generations.

However, as the pension fund is fictitiously closed at time zero, and besides that the policy
that is chosen is not adjusted to the fact that the fund is closed, the change in the residue
does not give the correct picture. The reason for this fact is that nowhere in the policy is
stated how the residue should be divided among different cohorts. Therefore, this study is
repeated in Section 5 where the fund will not be fictitiously closed but remains open for new
participants.

In total, the effect that actually can be assigned to different cohort groups is equal to the
negative value of the employee contribution option plus the value of the positive adjustment
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mechanism plus the value of the negative adjustment mechanism:

Total effect = —VOEC + VOAM+ + VOAMf.

poties | o | W | e
1 Young 5.2 5.2
Middle 21.5 21.5
Old 8.9 8.9
|| Change in residue (AR) | -35.2
2 Young 1.6 1.6
Middle 7.8 7.8
Old 3.6 3.6
| ] Change in residue (AR) | -12.6
3 Young -1.2 1.6 0.4
Middle -0.8 7.9 7.1
Old 3.6 3.6
| ] Change in residue (AR) | -10.7
4 Young -1.2 1.8 0.6
Middle -0.8 8.6 7.8
Old 3.9 3.9
| ] Change in residue (AR) | -11.9
5 Young -1.0 1.9 -2.1 -1.2
Middle -0.7 9.1 -7.2 1.2
Old 4.1 -2.7 14
| ] Change in residue (AR) | -1.0
6 Young -0.6 2.1 2.7 -1.2
Middle -0.5 9.9 -9.5 -0.1
Old 4.3 -3.7 0.6
|| Changein residue (AR) | 1.1
7 Young -0.7 2.7 -2.8 -0.8
Middle -0.5 13.2 -9.7 3.0
Old 5.9 -3.8 2.1
|| Change in residue (AR) | -4.1
8 Young -0.6 2.8 -2.2 0
Middle -04 13.5 -74 5.7
Old 6.0 -2.9 3.1
|| Change in residue (AR) | -3.4
Employee guarantee (—VF¥) | -5.0

Table 21: Effects for three different cohort groups for the eight policies introduced in Section 3,
namely the young cohort group, the middle cohort group, and the old cohort group.

In Table 21 the effects for the disjoint cohort groups for each policy are presented. How-
ever as emphasized before, note these generational effects are not representative as the policy
of the fund is not adjusted to the fact that the fund will be fictitiously closed at time zero.
It can be seen that for each policy the employee contribution option has a higher effect in
absolute value for the young cohort group than for the middle cohort group. The reason
for this effect is that the cohorts of the middle group start in the accumulation phase where
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those participants pay recovery premium if the pension fund has a low funding position.
However, the oldest cohorts in the middle cohort group will end in the pension phase where
those participants start receiving their accrued benefits.

The market value of the positive adjustment mechanism is the lowest for the young cohort
group, as those cohorts have not accrued as much benefits as the other two groups. Fur-
thermore, the accrued benefits of the young cohort group do not have to be paid out for at
least 20 years at time zero. The reason that the market value of the old cohort group is
much lower than the market value of the middle cohort group is that due to lower survival
probabilities of the old cohort group the discount factor will be lowered much more than the
discount factor of the middle cohort group.

The magnitude of the negative adjustment mechanism is exactly the other way around with
respect to the positive adjustment mechanism, with the same reasoning. This makes sense,
as the negative adjustment mechanism is exactly the opposite of the positive adjustment
mechanism. Therefore, the negative adjustment mechanism is the lowest is absolute value
for the young cohort group, and the highest in absolute value for the middle cohort group.
Note that Policy 1 up to Policy 7 are zero sum games for the different generations, as the
total effects, taking into account the change in the residue, sum up to approximately zero.
Only Policy 8 is not a zero sum game for the different generations, as here the employer
gives a certain guarantee, however, taking into account the negative effect of the employee
guarantee results in the fact that all the effects sum up to approximately zero.?

All the separate effects for different cohort groups and different options going from one
policy to another, occur with the same reasoning as explained throughout Section 3.1-3.8.
Focusing on the total effects for each cohort group per policy give some new insights.

First of all, one might say that Policy 1 is preferable, since the total effects are the highest
for each cohort group. However, by giving full indexation in every scenario, the probability
that the fund cannot pay all their participants is extremely high. Therefore, a pension fund
having a pension system like Policy 1 will not be able to give the participants in the long
run all that it has promised. The consequence is that the younger participants will eventu-
ally suffer from this pension system, which also is shown in Section 5.3, where this study is
repeated for the open fund framework.

From Policy 5 onwards, the deficit option decreases immensely in absolute value due to in-
troducing benefit reductions, which indicates that the fund will not pass on the deficit to the
younger participants in the long run, but solves it with the participants in the fund.

It can be seen from Table 21 that Policy 6 gives the worst effects for all cohort groups. The
reason is that in Policy 6 the benefits will be cut if the funding ratio is low, but in case the
funding ratio is extremely high the participants do not share in the surplus.

In Policy 7, the participants will be compromised for the benefit cuts if the funding ratio
is low, as here the participants do share in the surplus. The middle cohort group benefits
the most from changing from Policy 6 to Policy 7. However, the effect for the young cohort
group is still negative, due to the recovery premium and the low accrued benefits.

Finally, in Policy 8 the effect for the young cohort group will not be negative anymore. Be-
sides that, the effects for the middle and old cohort group increase further. The reason is
that the employer bears a lot of the risks, which causes the market value of the employer to
decrease with respect to Policy 7.

As is emphasized before, the generational effects shown in Table 21 are not representative
with reality, as the fund will not be closed in reality, therefore this study is redone for the
open fund framework, which is shown in Section 5.3.

5The effects do not sum up to zero exactly due to rebalancing rounding-off errors.
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4 Holistic balance sheet used as solvency measure in
closed fund framework

4.1 Introduction

In the framework without the holistic balance sheet, a way to determine when a pension fund
is solvent is by checking whether the funding ratio is larger than a required level, as is the
case in the FTK regulation.

The traditional funding ratio gives some insights into the solvency and the quality of the
fund, as the higher the funding ratio will be, the more able the fund is to pay the accrued
benefits to its participants. Therefore, the higher the funding ratio will be, the better the
effects are for the participants in the fund, while a lower funding ratio means mostly bad
news for its participants. Note that these effects depend on the policy of the fund, where the
effects for the participants decrease for lower funding ratios if for instance the fund cuts the
benefits of the participants if the funding ratio is low.

The holistic funding ratio only gives insights into the solvency of the fund and not into the
quality of the fund. If the holistic funding ratio is above 100 percent, it means that the policy
of the fund will be sustainable during the horizon considered, while if the holistic funding
ratio is lower than 100 percent the fund has set their policy instruments poorly. This holistic
funding ratio does not provide information on the effects for the different generations. For
instance, the holistic funding ratio can be above 100 percent, but if the sustainability cut
option is very high in absolute value, the policy used by the fund does not mean good news
for its participants, as their benefits are cut extensively.

In the FTK regulation, the required funding ratio is determined such that the probabil-
ity of underfunding in the next year will be smaller than 2.5 percent, i.e. FR™ =1+ 5,
where S is explained in Appendix A. One might wonder how far the regulator should inter-
vene to decide what is in favor of the participants within the fund. The participants might
not be pleased with the buffer S, as all working participants have to pay a cost covering
contribution which is increased by S, as given in (7). The role of the regulator should be to
check whether the pension fund does not promise things which are not achievable.

The embedded options on the holistic balance sheet already include a buffer for certain risks.
For instance, a call option can be bought for a market consistent price in order to make
sure that the buyer is protected for price rises in a perfect Black-Scholes world (Hull, 2009).
Therefore, buyers of a call option have no downside risk, where they only can lose the price
paid for the option they bought. The same reasoning applies for the embedded options on
the holistic balance sheet. If the fund pays the market consistent value of the adjustment
mechanism, the fund has no downside risks left. Therefore, one might argue that no buffer
is needed, as all downside risks are hedged due to the embedded options. However, as we do
not live in a perfect Black-Scholes world, still a certain buffer is needed in order to be sure
that all risks are hedged.

In this section, two different solvency measures are introduced and explained. First of all,
EIOPA proposes a solvency measure in which the values of the sponsor support and the

SIf trustees of a pension fund would like to use the holistic funding ratio in order to create a policy, it
should be taken into account that such a policy will lead to serious problems, as the embedded options have
to be valued at certain points into the future, in order to be able to explore if the policy will be sustainable.
Hence, the scenarios that have to be used explode over time, due to the fact that at time zero M scenarios
are generated, which in turn also need M scenarios to value the embedded options at time one, where M
is a large number like 5000. However, methods are available to overcome these nesting issues, such as the
Longstaff-Schwartz method.
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adjustment mechanism on the holistic balance sheet are taken into account. This solvency
measure is further clarified in Section 4.2. We criticize this measure, since EIOPA does not
yet take into account the fact that the embedded options on the holistic balance sheet already
perform as a buffer, while on top of that EIOPA does not yet take into account the fact that
the fund fictitiously closes at time zero.

Therefore we introduce a new solvency measure in which the value of the residue option plays
a major role. This solvency measure is called the dynamic approach as the required criteria
depends on the horizon considered, where it does take into account the aspect of fictitiously
closing the fund at time zero. The dynamic measure is developed as if the regulator is right
in setting the solvency capital requirement S. This second measure is further explained and
illustrated in Section 4.3.

The eight policies elaborated on in Section 3 are tested by both solvency measures in Sec-
tion 4.2 and Section 4.3. Therefore a summary of the eight policies introduced in Section 3

is given in Table 22. Here A( are the assets of the pension fund, VOSP 9 is the value of the
Policy | 1 2 3 4 5 6 7 8
AHBS 117.5 117.5 119.5 119.5 119.1 118.6 118.6 123.5
A 117.5 1175 1175 1175 117.5 1175 117.5 1175
Vors 0 0 2.0 2.0 1.6 1.1 1.1 6.0
LHBS 135.6  113.0 113.1 114.3 103.1 100.4 105.6 109.8
Lo 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
VAME | 356 13.0 131 143 152 164 219 223
VaAM= L0 0 0 0 -121 -160 -16.3 -125
Vo 17749 6.8 56 165 18.6 134  14.1

FREBS | 0.867 1.040 1.057 1.046 1.156 1.181 1.123 1.125

Table 22: Summary of the option values of the eight policies introduced in Section 3

sponsor support, VOAM T is the value of the positive adjustment mechanism, VOAM ~ is the

value of the negative adjustment mechanism, and Vi*¢ is the value of the residue option.

Furthermore, the assets on the holistic balance sheet are given by A" 59 where it holds that
AHBS _ AO + VOSPS.
The liabilities on the holistic balance sheet are given by L¥2S | where it holds that

LHBS :LO+%AM++VOA]V[7'

Finally, the holistic funding ratio FR¥BS is given by
AHBS
HBS _
FR ~ [HBS"

Note that in the case the holistic funding ratio will be larger than 100%, the residue option
is positive.

Finally, in Section 4.4 a sensitivity analysis is done to see the effects on both the differ-
ent option values and the two solvency measures.
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4.2 Solvency measure: EIOPA

EIOPA proposes a solvency measure to measure if a pension fund is solvent, in which the
options on the holistic balance sheet are taken into account.

First of all, just as in the FTK regulation in the Netherlands, EIOPA proposes a solvency
capital requirement which a pension fund should hold as a surplus, where the Solvency Capi-
tal Requirement formula is taken from Solvency II. As the precise parameters in this formula
are not yet declared and this formula gives approximately the same result as the square root
formula in the FTK regulation explained in Appendix A, in the remainder of this thesis, it
is assumed that the solvency capital requirement is the same as explained in Appendix A.
Therefore, the required funding ratio a pension fund should have is equal to FR™? =1+ S.

Now, EIOPA proposes that the option values on the holistic balance sheet should be taken
into consideration in meeting this solvency capital requirement.

At first, the solvency capital requirement should be determined in the usual way, i.e. with
the traditional balance sheet as given in Table 1 where it holds that

Ao = L0+R0.

This means that the solvency capital requirement is equal to the percentage of the liabilities
a pension fund should hold in addition to its liabilities. In the traditional case this can be
translated to the fact that the residue should be larger than or equal to the solvency capital
requirement, i.e. Ry > S - L.

However, in the EIOPA measure it is not necessarily the case that if the residue is smaller
than the solvency capital requirement, the pension fund is not solvent. Namely, the values
of the sponsor support and the adjustment mechanism should be taken into account, where
the value of the sponsor support is added to the residue as it is stated on the asset side of
the holistic balance sheet, while the value of the adjustment mechanism is subtracted as this
is stated on the liability side of the holistic balance sheet. Recall that on the holistic balance
sheet assets (Ag) plus the sponsor support (V°F%) are stated on one side and liabilities (Lg)
plus the positive adjustment mechanism (VOAM *) plus the negative adjustment mechanism
(Vi* =) plus the residue option (V{*©) on the other side, such that it holds that

140_"_‘/'05138:[10_"_‘/0.»4]\/[+_1_‘/'0.'4]\/[7_’_V'ORO7

as given in Table 2. Therefore, according to the EIOPA solvency measure, it should hold
that
RO + ‘/()SPS _ ‘/()AM+ _ V'OAM— > S . LO- (17)

The reasoning for this solvency measure is that if a pension fund is not solvent taking into
account the unconditional assets and liabilities only, and the pension fund is solvent taking
into account the option values, the pension fund has the right steering and adjustment in-
struments to recover to its required funding ratio, such that the pension fund has a hedge
for shocks in returns and interest rates that might occur.

To give an example of the EIOPA solvency measure, imagine that a pension fund should
hold 20% of its liabilities as surplus, i.e. S = 20%. However, the actual residue of the
pension fund is 10% of its liabilities, i.e. FR = 110% instead of 120%. According to the
traditional rules without taking into account the holistic balance sheet, the pension fund does
not meet its solvency requirement. Nevertheless, the fund can still be solvent according to the
EIOPA solvency measure if for instance the sponsor support is equal to 10% of its liabilities,
while the other options are equal to zero, since in this case the EIOPA solvency requirement
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given in (17) is satisfied, i.e. Ry + VPP — VOAM+ _ %AMf =0.10+0.10-0—-0=0.20> S.

The eight policies considered in Section 3 are tested on being solvent with the help of the
EIOPA solvency measure. In Table 23 the results of the test can be seen. It shows that only

Policy ‘ 1 2 3 4 5 6 7 8
EIOPA measure | -0.181 0.045 0.064 0.052 0.161 0.182 0.130 0.137
Required level 0.175 0.175 0.175 0.175 0.175 0.175 0.175 0.175
b 4 X X b 4 b b 4 b

Table 23: EIOPA solvency test for the eight policies introduced in Section 3

Policy 6 of the eight policies considered is solvent according to the EIOPA solvency measure
in spite of the fact that all pension funds start at time zero with a funding ratio equal to the
required level. However, is this really the result the trustees of a pension fund would like to
achieve for its participants?

As is explained in Section 5.3, Policy 1 is a really poor policy, as the residue option has a
negative value. Introducing the adjustment instrument conditional indexation in Policy 2 al-
ready makes sure that the residue option becomes positive. However, Policy 2 up to Policy 4
are still poor policies, as the value of the deficit options are too high in absolute value, which
indicates that the pension fund passes on the deficit to the participants still in the fund in
the long run.

From the policies remaining, Policy 6 is the worst from a generational perspective, as it
implements the most value transfers to its younger participants, while the separated effects
are the lowest due to benefit cuts in the lower quantiles of the funding ratio and due to the
absence of sharing in the high investment returns in the higher quantiles of the funding ratio.
However, according to the solvency measure proposed by EIOPA, the pension fund is only
solvent in case it has a pension system that points into the direction of Policy 6, which is not
a pension system that would be appreciated by its older participants.

It can be seen that EIOPA aims to match the options on the holistic balance sheet with
the solvency capital requirement S. As explained before, EIOPA does not yet take into ac-
count the fact that the embedded options on the holistic balance sheet already perform as a
buffer, with as consequence that the buffer should not be this high. On top of that, as the
fund fictitiously closes at time zero, at the end of the horizon considered fewer participants
are still in the fund, while the solvency capital requirement S is based on the liabilities at
time zero. Hence, for both these reasons the buffer S chosen by EIOPA is too high and not
clearly addressed.

4.3 Solvency measure: dynamic approach

In this section, we introduce a new solvency measure, the dynamic solvency measure, which
does take into account the fact that the fund fictitiously closes at time zero. Furthermore,
the required level of this measure is set as if the regulator is right in setting the solvency
capital requirement S, where the value of the residue option plays a major role. Note that
the values of the other options on the holistic balance sheet are still implicitly taken into
account, as a pension fund is a zero sum game.

First of all, recall that the solvency capital requirement S is the surplus a pension fund should
have in addition to its liabilities, i.e. S is given as a percentage of the liabilities, where the
required funding ratio results in FR"®? =1+ S, as given in Appendix A. Now the dynamic
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solvency measure is determined in three steps, which are illustrated in Figure 2.

Step 1 At the start of time zero a pension fund should hold a funding ratio equal to at least
FR™ =1+ S. Therefore, one could reason that the residue option should be equal
to at least S, since otherwise a negative value transfer to the younger generations is
present. In general terms this can be translated to

‘/()RO > S'L()a

which is represented by the solid line in Figure 2, i.e. the value of the residue option
should be at least above the solid line.

20.0
—

Solvency measure: dynamic approach
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15.0
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7.5

Solvency measure (in percentage of L)
5.0
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Figure 2: The dynamic solvency measure is presented in three steps, where the third and final step
shows the actual dynamic solvency measure; the residue option should be larger than or equal to
the dotted line, which is horizon dependent.

Step 2 However, it should be taken into account that as time passes, the liabilities shrink,
due to the fact that the fund will be fictitiously closed at time zero. The solvency
capital requirement S is set such that the fund will be able to meet its liabilities in case
return or interest rate shocks occur. Therefore, as S is a percentage of the liabilities,
the pension fund should hold for instance at time 15 the amount S - L15, since the fund
has no need to withhold the amount S - Ly. Therefore, to express the constraint in
present value terms, it should hold that the residue option should be larger than or
equal to the solvency capital requirement times the present value of the liabilities at
the end of the horizon considered, i.e.

VRO > 8. PV(Ly),

which is illustrated in Figure 2 by the dashed line, i.e. the value of the residue option
should be at least above the dashed line. At the end of the horizon the constraint
S - PV (L) goes to zero, as no liabilities are left. Figure 2 is constructed on the basis
of Policy 8, note that due to different policies the present value of the liabilities after
time T will be different.
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Step 3 One should also take into account that due to fictitiously closing the fund at time
zero, the duration of the liabilities decreases, which affects the solvency capital require-
ment S a pension fund should hold, to be able to be resistant for return and interest
rate shocks that might occur. Therefore, the solvency capital requirement is not fixed
over time, but will be decreasing over time. In the end the duration of the liabilities will
go to zero, such that in case there is invested for 50% in stocks and for 50% in bonds,
the solvency capital requirement will go to 12.5% (i.e. only the shocks that might occur
in stock returns are taken into account in the end).” Therefore, the following restriction
should hold instead:

Vy?© > S(Dr) - PV(Lr), (18)

where S does depend on the duration of the liabilities Dy, which is illustrated by the
dotted line in Figure 2, i.e. the value of the residue option should be at least above the
dotted line.

After three steps, the dynamic solvency measure is presented by (18), which is given in Fig-
ure 2 as the dotted line. To be solvent, a pension fund should have a residue option that
is larger than or equal to this dotted line, where the measure is dependent on the horizon
considered.

In Table 24 the eight different policies presented in Section 3 are tested according to the
dynamic solvency measure. To make it more comparable to the EIOPA solvency measure,
the required level will not be given in terms of the magnitude of the residue option as in
Figure 2, however, it will be given in terms of S. Therefore, the following is checked instead:
RO Voo
VoY > S(Dp)- PV(Ly) & ——— > S(Dp).
§°0 2 S(D1) - PV (Lr) & prfrs > S(Dy)

It can be seen from Table 24 that Policy 5 up to Policy 8 are satisfied by the dynamic

Policy 1 2 3 4 S 6 7 8

Dynamic measure | -0.236 0.083 0.115 0.094 0.321 0.375 0.252 0.251

Required level 0.157 0.157 0.157 0.157 0.157 0.157 0.157 0.157
b 4 b 4 b 4 b 4

Table 24: Dynamic solvency test for the eight policies introduced in Section 3

solvency constraint. As is explained in Section 5.3, Policy 1 up to Policy 4 are policies which
have large negative value transfers to the younger generations, where the interests of all
different stakeholders are not treated equally.

Second of all, Policy 5 and Policy 6 are too strict for the older generations, as the benefits
will be cut in the downside of those policies but the participants will not share in the upside.
It can be seen from Table 24 that the dynamic measure in Policy 5 and Policy 6 gives much
higher results than the required level imposed by the solvency measure. This result also
illustrates that the policies might be less strict than they are now, which will result in the
fact that the residue option decreases in value.

Finally, Policy 7 and Policy 8 are better policies from a generational perspective compared
to Policy 5 and Policy 6, as the value transfers between disjoint cohorts are smaller.

Since the dynamic measure does consider Policy 7 and Policy 8 to be solvent, while the EIOPA

7As the pension fund is fictitiously closed at time zero, the pension fund is aging, where the fund should
invest more conservatively as time passes resulting in a solvency capital requirement approaching zero at the
end of the horizon.

47



measure does not, the EIOPA solvency measure can be seen as a more strict measure. The
reason for this result is that the required level of the EIOPA measure is too high as explained
before, while the dynamic measure does take into account the fact that the fund is fictitiously
closed at time zero.

4.4 Sensitivity analysis
In this section, a sensitivity analysis is done in which several aspects are adjusted, namely:
e Additional funding;

e Investment portfolio;

Degree of maturity;

Initial funding position;

e Horizon;

Order of policy instruments;
e Policy ladders.

In the following sections the above aspects are adjusted separately and are compared with
the benchmark case, in which the initial funding ratio is equal to the required funding ratio
(FRy = FR"1), the investment portfolio consists for 50 percent of stocks and for 50 percent
of bonds, the fund is equal to a projection of the Dutch population, the horizon considered is
equal to 15 years (T' = 15), and the order of the policy instruments with their policy ladders
is as given in Figure 1.

4.4.1 Additional funding

In this section, one percent of the liabilities is added to the assets as additional funding.
Therefore, the initial funding ratio is equal to 118.5% instead of 117.5%. In Table 25 Policy 1
up to Policy 4 are presented, for the benchmark case where the initial funding ratio is equal
to the required funding ratio and for the case where the initial funding ratio is equal to the
required funding ratio plus one percent. In the same structure, Policy 5 up to Policy 8 are
presented in Table 26.

It can easily be seen from both tables that due to additional funding of one percent, for none
of the policies the solvency measures give a different result. Therefore, in case of the EIOPA
measure, still only Policy 6 is solvent, while in case of the dynamic measure Policy 5 up to
Policy 8 are solvent. However, if more additional funding will be added, both the solvency
tests might give another result, as is shown in Section 4.4.4.

Furthermore, it can be seen from both tables that the more policy instruments the pension

contract has, the less effect adding additional funding has. For instance, in case of Policy 1,
the one percent of additional funding goes straight to the residue option, which increases by
the same amount. This effect can also be seen in the EIOPA measure, which increases from
-0.181 to -0.171.
Considering a more complete contract like Policy 5, it can be seen in Table 26 that the one
percent of additional funding will be divided among several options; the positive adjustment
mechanism increases by 0.2, the negative adjustment mechanism decreases in absolute value
by 0.3, and the residue option increases by 0.5. Also the effect on the two solvency measures
becomes less.
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FRy = FR™ FRy = FR™ +1%

Policy 1 2 3 4 1 2 3 4
AHBS 117.5 117.5 1195 1195 | 1185 1185 1204 120.5
A 117.5 117.5 117.5 117.5 | 1185 1185 1185 118.5
Vo Es 0 0 2.0 2.0 0 0 1.9 2.0
LHBS 135.6  113.0 113.1 114.3 | 135.6 113.2 1134 1145
Lo 100.0  100.0 100.0 100.0 | 100.0 100.0 100.0 100.0
yAM 356 13.0 131 143 | 356 13.2 134 145

VM= 0 0 0 0 0 0 0 0

Vo 17749 6.8 56 | -16.7 5.6 7.5 6.3
FRHBS 0.867 1.040 1.057 1.046 | 0.874 1.046 1.062 1.052
EIOPA measure | -0.181 0.045 0.064 0.052 [ -0.171 0.052 0.071 0.059
Required level 0.175 0.175 0.175 0.175 | 0.175 0.175 0.175 0.175

X X X X X X X X
Dynamic measure | -0.236 0.083 0.115 0.094 | -0.221 0.095 0.126 0.105
Required level 0.157 0.157 0.157 0.157 | 0.157 0.157 0.157 0.157

X b'e X X X X X X

Table 25: Effect of additional funding on the options on the holistic balance sheet and on the two
solvency tests, for Policy 1 up to Policy 4

FRy = FR™ FRy = FR™ +1%

Policy 5 6 7 8 5 6 7 8
AHBS 119.1 118.6 118.6 123.5| 120.1 119.6 119.6 1244
A 117.5 1175 117.5 117.5 | 1185 1185 1185 1185
Vers 1.6 1.1 1.1 6.0 1.6 1.1 1.1 5.9
LHBS 103.1 100.4 105.6 109.8 | 103.6 100.9 106.4 110.5
Lo 100.0 100.0 100.0 100.0 | 100.0 100.0 100.0 100.0
yAM+ 152 164 219 223 | 154 166 223 228
VM= 121 -16.0 -16.3 -12.5 | -11.8 -15.7 -16.0 -12.3
Vo 16.5 186 134 14.1 | 170 19.1 136 14.3
FRHBS 1.156 1.181 1.123 1.125 | 1.160 1.185 1.124 1.126
EIOPA measure | 0.161 0.182 0.130 0.137 | 0.165 0.187 0.132 0.139
Required level 0.175 0.175 0.175 0.175 | 0.175 0.175 0.175 0.175

X X X X X X
Dynamic measure | 0.321 0.375 0.252 0.251 | 0.328 0.381 0.254 0.253
Required level 0.157 0.157 0.157 0.157 | 0.157 0.157 0.157 0.157

Table 26: Effect of additional funding on the options on the holistic balance sheet and on the two
solvency tests, for Policy 5 up to Policy 8
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In case of Policy 8, the additional funding will be divided among even more options. Ad-
ditionally, the effect on the holistic funding ratio becomes rather small, as it increases from
1.125 to 1.126.

Hence, the more policy instruments the contract has, the less effect additional funding has on
the holistic funding ratio and the solvency tests. The reason for this consequence is that the
additional funding is divided among all the options that are stated on the holistic balance
sheet, where both the asset side and the liabilities side increase by approximately the same
value, since increasing the funding level has the effect that more indexation is given while
less recovery premium is paid. Hence, the holistic funding ratio is approximately balanced.
Therefore, pension funds with contracts that have more policy instruments have to make
more effort to meet the solvency requirements based on the holistic balance sheet if they fail
to do so.

From here on, only Policy 7 and Policy 8 are considered, as these are better policies from a
generational perspective in comparison with the other six policies, as the value transfers are
smaller, as is explained in Section 3.9 and is further explained in Section 5.3.

4.4.2 Investment portfolio

50% Stocks/ | 100% Stocks | 100% Bonds
50% Bonds
Policy 7 8 7 8 7 8
AHPS 118.6 123.5 [ 119.1 126.8 | 118.0 1188
Ag 1175 117.5 | 117.5 117.5 | 117.5 117.5
VPs 1.1 6.0 1.6 9.3 0.5 1.3
LHBS 105.6 109.8 | 98.5 104.5 | 111.6 112.3
Lo 100.0 100.0 | 100.0 100.0 | 100.0 100.0
VM 21.9 223 | 308 322 | 16.7 16.7
VM= -16.3  -12.5 | -32.3  -27.7 | 5.1 -44
VRo 134 141 | 21.8 235 | 64 65
FRYBS 1123 1.125 | 1.208 1.213 | 1.057 1.057
EIOPA measure | 0.130 0.137 [ 0.205 0.222 [ 0.064 0.064
Required level 0.175 0.175 | 0.312 0.312 | 0.051 0.051
X X X X
Dynamic measure | 0.252 0.251 | 0.447 0.443 [ 0.112 0.112
Required level 0.157 0.157 | 0.290 0.290 | 0.034 0.034

Table 27: Effect of changing the investment portfolio on the options on the holistic balance sheet
and on the two solvency tests, for Policy 7 and Policy 8

In this section the investment portfolio is changed. Here two additional cases are consid-
ered, namely investing completely in stocks and investing completely in bonds. Both these
investment strategies are presented in Table 27 together with the benchmark case in which is
invested for 50% in stocks and for 50% in bonds. Despite the fact that the required funding
ratio of the three separate investment portfolios is different, the initial funding ratio is kept
the same and equal to 117.5%, in order to be able to concentrate on the effects of changing
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the investment portfolio completely.

First, the effects of different investment portfolios that occur on the option values are ex-
plained. It can be seen in Table 27 that the option values increase in absolute value in
case more is invested in stocks, while the option values decrease in absolute value as more
is invested in bonds. This result makes sense, as stock returns are more volatile than bond
returns. Due to the fact that in bad scenarios the stock returns decrease significantly more
than the bond returns, the sponsor support becomes more valuable, while the value of the
negative adjustment mechanism decreases significantly. It should be noted that in Policy 8 in
the 100% stocks case, the sponsor support gets a strongly positive value due to the employer
guarantee option.

Furthermore, in good scenarios, the stock returns increase significantly more than the bond
returns, which increases the positive adjustment mechanism significantly in the 100% stocks
case.

It can also be seen that in the 100% stocks case the negative adjustment mechanism increases
more in absolute value than the positive adjustment mechanism increases with respect to the
benchmark. The reason for this result is that bad scenarios receive more weight in a risk
neutral world. The opposite effect occurs in the case where completely is invested in bonds,
i.e. the negative adjustment mechanism decreases more in absolute than that the positive
adjustment mechanism decreases with respect to the benchmark.

Additionally, the residue option changes significantly, where it increases in value in the 100%
stocks case, and decreases in value in the 100% bonds case. This result is due to the fact that
the surplus option changes significantly, where it increases in the 100% stocks case and de-
creases in the 100% bonds case. Furthermore, the deficit option displays the opposite effect,
only in less magnitude. These results can again be explained by the fact that stock returns
are more volatile.

In Table 28 the generational effects for the different investment portfolios are shown. How-
ever as emphasized in Section 3.9, note these generational effects are not representative as
the policy of the fund will not be adjusted to the fact that the fund is fictitiously closed at
time zero.

It can be seen that the value of the employee contribution option increases in absolute value
in case of investing a larger fraction in stocks. However, this effect is not that large, as the
steering instrument recovery premium does not have a great influence due to the fact that
the fund is closed at time zero.

Furthermore, it can be seen that investing a larger fraction in stocks has a significant impact
on the value of the adjustment mechanism for each cohort group. These effects are larger for
the middle cohort group, as the cohorts in this group have accrued more benefits than the
young cohort group and have higher survival probabilities than the old cohort group. It can
be seen in Table 28 that the effects are larger for the negative adjustment mechanism than
for the positive adjustment mechanism for both the 100% stocks case and the 100% bonds
case with respect to the benchmark. For the 100% stocks case this even results in the fact
that for the lower cohort groups the value of the total adjustment mechanism is negative
with the consequence that the total effect is negative for those groups.

Another well known fact is that older generations should invest more conservatively, while
younger generations should invest more aggressively. These facts are not necessarily visible
in Table 28, as the total effects increase for all cohort groups in case a larger fraction is
invested in bonds. The only exception occurs in Policy 8 for the old cohort group, where the
diversified portfolio gives them the highest value. However, note that the change in residue
is positive for the 100% stocks case, while it is negative for the 100% bonds case, where a
positive change in the residue is considered good news for younger participants. Still, as em-
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. COhOI't AM AM— Total
Policy group | G Vo effect
7 Young -0.7 2.7 -2.8 -0.8
Middle | -0.5 13.2 -9.7 3.0
Oold 5.9 -3.8 2.1
50% Stocks/ | | | Change in residue (AR) | -4.1 =
50% Bonds | 8 Young -0.6 2.8 -2.2 0
Middle | -0.4 13.5 -7.4 5.7
Old 6.0 -2.9 3.1
' | ] Change in residue (AR) | -3.4
Employee guarantee (—V %) | -5.0
7 Young -0.9 3.9 -5.1 -2.1
Middle | -0.6 18.7 -19.0 -0.9
0Old 8.2 -8.2 0
Change in residue (AR 4.3
100% Stocks Young | 0.8 i1 -4(.4 ) 11
Middle -0.6 19.6 -16.3 2.7
Old 8.5 -7.0 1.5
'~ | ] Change in residue (AR) | 6.0
Employee guarantee (—V ) | -7.8
7 Young -0.3 2.0 -1.0 0.7
Middle | -0.2 10.0 -3.0 6.8
Old 4.7 -1.1 3.6
Change in residue (AR) | -11.1
100% Bonds - Young | -0.3 2.0 -0(.9 ) 0.8
Middle -0.2 10.0 -2.6 7.2
Old 4.7 -0.9 2.8
' | ] Change in residue (AR) | -11.0
Employee guarantee (—V) | -0.8

Table 28: Generational effects of changing the investment portfolio, for Policy 7 and Policy 8
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phasized in Section 3.9, the generational effects given in Table 28 do not necessarily provide
the right information as the fund will not be closed in reality. Therefore, this generational
study is repeated for the open fund framework in Section 5.5.2.

Concentrating on the solvency measures, it can be seen in Table 27 that the required levels
change for the different cases, whereas the required level of the 100% stocks case increases to
0.312 for the EIOPA solvency measure and to 0.290 for the dynamic solvency measure, and
the required level decreases for the 100% bonds case to 0.051 and to 0.034 for the EIOPA
and dynamic solvency measure respectively. The reason for these facts is that in case a larger
fraction will be invested in stocks, a larger buffer should be withheld, as stock returns show
more volatility.

It can be seen that due to a conservative portfolio, both policies are considered solvent ac-
cording to both the EIOPA measure and the dynamic measure. The reason that the EIOPA
solvency measure also is satisfied is that the required level decreases significantly. Besides
that, the pension fund that invests completely in bonds starts with an initial funding ratio
which is larger than the required level.

Furthermore, it can be seen in Table 27 that due to investing completely in stocks, the neg-
ative adjustment mechanisms gets a strongly negative value, which has as a consequence
that the EIOPA constraint given in (17) will be very hard to meet. On the other hand,
the dynamic solvency measure is not influenced by this aspect, as the residue option is still
extremely valuable comparing it with the negative adjustment mechanism.

4.4.3 Degree of maturity

In this section the degree of maturity of the pension fund is varied. Next to the Dutch fund,
a green and a gray fund is considered, where the Dutch fund is the average of the green
and gray fund. A more extensive explanation of the green and gray fund can be found in
Appendix C. In Table 29 the results of changing the fund are displayed, ceteris paribus.
Note that the values given in this table are all normalized to the value of the liabilities of
the specific fund. However, the liabilities of the gray fund are much higher in reality with
respect to the Dutch fund, namely 140.9 in terms of the liabilities of the Dutch fund, while
the liabilities of the green fund are much lower with respect to the Dutch fund, namely 62.2
in terms of the liabilities of the Dutch fund. The reason for this phenomenon is that many
more participants, both workers and retirees, are present in the gray fund than in the green
fund, as also can be seen in Figure 6 in Appendix C.

It can be seen in Table 29 that the value of the sponsor support is higher in the green fund,
than in the gray fund. Since there are more working participants in the green fund with
respect to number of the retirees than in the gray fund, i.e. the elderly dependency ratio is
lower in the green fund as can be seen in Appendix C in Figure 7, more participants are in
the fund respectively that pay contribution, which results in a higher value of the sponsor
support for the green fund.

As in the gray fund the elderly dependency ratio is higher, more people are in the fund that
receive their benefits with respect to people that are accruing benefits. Therefore the value
of the residue option is lower for the gray fund than for the green fund.

Concentrating on the adjustment mechanism, it can be seen that both the effect of the posi-
tive and negative adjustment mechanism are larger for the green fund than for the gray fund.
The reason for this result is that the value of the total liabilities decreases faster in the gray
fund than in the green fund, due to the fact that the low survival probabilities in the gray
fund drive the discount factors down. Hence, the effect of using the adjustment instruments
diminishes in the gray fund. The negative adjustment mechanism increases more in absolute
value for the green fund than the positive adjustment mechanism, with respect to the gray
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Dutch fund Green fund Gray fund

Policy 7 8 7 8 7 3
AHBS 118.6 123.5 | 119.1 124.7 | 1184 123.0
A 117.5 1175 | 117.5 117.5 | 117.5 117.5

vePs 1.1 6.0 1.6 7.2 0.9 5.5
LHBS 105.6 109.8 | 104.9 109.7 | 105.9 109.9
Lo 100.0 100.0 | 100.0 100.0 | 100.0 100.0
yAM+ 219 223 | 236 241 | 21.2 216
VM= -16.3  -12.5 | -18.7 -14.4 | -152 -11.7
Vo 134 141 | 146 155 | 129 135
FRHBS 1.123 1.125 | 1.135 1.137 | 1.118 1.119
EIOPA measure 0.130 0.137 | 0.142 0.150 | 0.125 0.131
Required level 0.175 0.175 | 0.183 0.183 | 0.171 0.171

b 4 X X b 4 b 4 b 4
Dynamic measure | 0.252 0.251 | 0.242 0.242 | 0.258 0.256
Required level 0.157 0.157 | 0.160 0.160 | 0.155 0.155

Table 29: Effect of changing the pension fund on the options on the holistic balance sheet and on
the two solvency tests, for Policy 7 and Policy 8

fund. Therefore, the total effect of the adjustment mechanism is highest for the gray fund.

The generational effects are shown in Table 30. However as emphasized in Section 3.9,
note these generational effects are not representative as the policy of the fund will not be
adjusted to the fact that the fund is fictitiously closed at time zero.

In Table 30 it can be seen that the effects that can be separated among the disjoint cohort
groups all decrease changing from the Dutch fund to the green fund in Policy 7. The reason
for these results is that in the green fund more recovery premium will be paid, while the total
adjustment mechanism for all groups decreases. Note that the opposite effect occurs for the
gray fund in Policy 7. These effects work through in the change in the residue, as this value
increases in the green fund, while it decreases in the gray fund.

In Policy 8 the same effects can be seen, except for the fact that the effects for the middle
cohort group changes, where it increases in the green fund, while it decreases in the gray
fund.

Again, this generational study is repeated for the open fund framework as it is more in line
with reality, where the results are shown in Section 5.5.3.

In Table 29 it can be seen that the required level of both the EIOPA solvency measure
and the dynamic solvency measure change; the required level of the green fund increases,
while the required level of the gray fund decreases. This is due to the fact that the duration
of the liabilities increases in case of the green fund, i.e. there are more workers with respect
to retirees, and the duration of the liabilities decreases in case of the gray fund, i.e. there are
fewer workers with respect to retirees.

It can be seen that the EIOPA solvency measure does consider all policies for all different
pension funds as being insolvent, while the dynamic solvency measure indicates that the
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. Cohort |+ pe AM AM— Total
Policy group Vo Vo Vo effect
7 Young -0.7 2.7 -2.8 -0.8
Middle -0.5 13.2 -9.7 3.0
Old 5.9 -3.8 2.1
'~ | ] Changein residue (AR) | -4.1
Duteh fund = Young | 06 28 2.0 0
Middle -0.4 13.5 -7.4 5.7
Old 6.0 -2.9 3.1

Change in residue (AR) | -3.4
Employee guarantee (—V¢) | -5.0

7 Young -1.0 3.9 -4.1 -1.2

Middle -0.6 14.8 -11.3 2.9

Old 4.9 -3.2 1.7

Change in residue (AR -2.9

Green fund = Young | -1.0 g4.0 -3(.2 ) 0.2
Middle -0.5 15.1 -8.7 5.9

Old 5.0 -2.5 2.5

Change in residue (AR) | -2.0
Employee guarantee (—VY) | -5.7

7 Young -0.5 2.2 -2.2 -0.5

Middle -0.4 12.6 -9.0 3.2

Old 6.4 -4.0 2.4

Change in residue (AR -4.6

Gray fund = Young | 05 g2.3 -1?7 ) 0.1
Middle -0.4 12.8 -6.9 3.5

Old 6.5 -3.1 3.4

Change in residue (AR) | -4.0
Employee guarantee (—VF¢) | -4.6

Table 30: Generational effects of changing the pension fund, for Policy 7 and Policy 8

different pensions are solvent.

4.4.4 Initial funding position

Another interesting change is a dramatic change in the initial funding position, here a really
bad financial position is considered, where the initial funding ratio is equal to 80 percent,
and a really good financial position is considered, where the initial funding ratio is equal to
150 percent.

In Table 31 the results are presented for the different initial funding positions. It can be seen
that due to an extremely low funding position, the value of the sponsor support increases,
as these steering instruments are used in the lower funding ratio levels which makes them
more valuable. The opposite effect occurs in case of an extremely high funding position; the
sponsor support will not be used that much, therefore this option becomes less valuable.
Furthermore, it can be seen that both the value of the positive adjustment mechanism and
the negative adjustment mechanism change significantly. In case of an extremely low funding
position, indexation is not given as much as in a higher funding position, which results in
the fact that the positive adjustment mechanism decreases. Additionally, due to this low
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FRy=FR™ | FRy=80% | FRy = 150%

Policy 7 8 7 8 7 8
AHBS 118.6 123.5 | 82.7 92.2 | 150.6 153.6
A 117.5 117.5 | 80.0  80.0 | 150.0 150.0
|/ 1.1 6.0 2.7 122 | 06 3.6
LHBS 105.6 109.8 | 76.5 84.9 | 128.8 131.4
Lo 100.0 100.0 | 100.0 100.0 | 100.0 100.0
A+ 219 223 10.0 11.3 | 38.8 39.0
VM= -16.3  -12.5 | -33.5  -26.4 | -10.0 -7.6
Vo 134 141 6.4 7.6 223 227
FRHBS 1.123  1.125 | 1.080 1.086 | 1.169 1.169
EIOPA measure 0.130 0.137 | 0.061 0.073 | 0.218 0.222
Required level 0.175 0.175 | 0.175 0.175 | 0.175 0.175

b's X X X

Dynamic measure | 0.252 0.251 | 0.177 0.183 | 0.327 0.324
Required level 0.157 0.157 | 0.157 0.157 | 0.157 0.157

Table 31: Effect of changing the initial funding position on the options on the holistic balance sheet
and on the two solvency tests, for Policy 7 and Policy 8

funding position, the benefits will be cut considerably more than in the case of a higher
funding position, which results in a negative adjustment mechanism with an extremely low
value. Obviously the opposite effect occurs in case of an extremely high funding position.
Due to these effects, the residue option also changes in value as a pension fund is a zero
sum game. The deficit option increases in absolute value in the low funding position, while
the opposite effect occurs in the high funding position. However, the most significant effect
is displayed in the surplus option, which decreases significantly in the low funding position
and increase significantly in the high funding position, due to the fact that the probability
of overfunding is much higher in the high funding position.

In Table 32 the generational effects are presented. However as emphasized in Section 3.9,
note these generational effects are not representative as the policy of the fund will not be
adjusted to the fact that the fund is fictitiously closed at time zero.

The effects for all the cohorts are disastrous in the case where the initial funding ratio is
equal to 80 percent. The reason for those extreme negative effects is that due to a low initial
funding position the indexation given to separate cohort groups is small, while the benefits
will be cut excessively and the recovery premium instrument is used much. Due to these
cuts, the change in the residue becomes extremely positive, which means good news for the
younger participants which in turn might indicate a too strong reaction.

On the other hand, in case the initial funding position is equal to 150 percent, the opposite
effects can be seen. The positive adjustment mechanism has an extremely high value, whereas
the negative adjustment mechanism and the sponsor support have a low value in absolute
terms. Here the change in the residue is extremely negative, which means that the older
participants benefit more from the initial extremely high funding position than the younger
participants.
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. Cohort |  + pe AM+ AM— Total
Policy group Vo Vo Vo effect
7 Young -0.7 2.7 -2.8 -0.8
Middle -0.5 13.2 -9.7 3.0
Old 5.9 -3.8 2.1
'~ | | Change in residue (AR) | -41
_ req
Flo=FR 8 Young | -0.6 2.8 -2.2 0
Middle -0.4 13.5 -7.4 5.7
|- od | _____f 60 __ 29 | ¢ 3.1
Change in residue (AR) | -3.4
Employee guarantee (—V%) | -5.0
7 Young -1.4 1.3 -4.7 -4.8
Middle -1.2 6.2 -18.8 -13.8
Old 2.5 -10.0 -7.5
B '~ | | Change in residue (AR) | 26.4
FRo = 80% 8 Young | -1.4 1.5 3.7 -3.6
Middle -1.2 7.0 -14.8 -9.0
I od | _____: 28 79 | 49
Change in residue (AR) | 27.6
Employee guarantee (—V%) | -9.7
7 Young -0.4 4.8 -1.9 2.5
Middle -0.2 23.2 -6.1 16.9
Old 10.8 -2.0 8.8
B '~ | | Change in residue (AR) | -27.7
FRy =150% =g Young | -0.4 4.8 15 2.9
Middle -0.2 23.3 -4.7 18.4
. Od | 109 15 | 94
Change in residue (AR) | -27.3
Employee guarantee (—VF%) | -3.0

Table 32: Generational effects of changing the initial funding position, for Policy 7 and Policy 8

Again these generational effects are distorted as the fund will not be closed in reality, there-
fore this study is repeated for the open fund framework in Section 5.5.4.

Concentrating on the solvency measures, it can be seen in Table 31 that having an ex-
tremely high initial funding ratio results in the fact that the required level of the EIOPA
measure is met. Note that the required levels are the same for different initial funding
ratios, as the solvency capital requirement does not depend on this aspect. The reason
that the EIOPA measure will be met is that the residue Ry is already extremely high, i.e.
Ry =150.0 — 117.5 = 32.5.

It also can be seen that the dynamic measure meets the required level by a small amount in
the case of an initial funding ratio of 80%, due to the fact that the residue option decreases
significantly. In case the initial funding ratio would be even lower, the constraint of the
dynamic measure might not be met, as the residue option is even lower in that case.

Here it is again clearly visible that the required level of the EIOPA measure is set according
to the characteristics of the fund at time zero, since the pension fund with an initial funding
position of 80 percent is not considered solvent over the horizon of 15 years.
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4.4.5 Horizon

In this section, the horizon considered is adjusted to see what effects might occur. Besides
the horizon of 15 years, a horizon of 25 years and a horizon of 35 years are investigated. In
Table 33 the results are presented.

First of all, it can be seen in Table 33 that the sponsor support, the positive adjustment

T =15 T =25 T=35

Policy 7 8 7 8 7 8
AHBS 118.6 123.5 | 119.1 1254 | 119.4 126.3
Ao 117.5 1175 | 117.5 117.5 | 117.5 1175
VP 1.1 6.0 1.6 7.9 1.9 8.8
LHBS 105.6 109.8 | 112.0 117.6 | 115.8 122.2
Lo 100.0  100.0 | 100.0 100.0 | 100.0 100.0
yAM+ 21.9 223 | 33.0 339 | 388 402
VM= -16.3  -125 | -21.0 -16.3 | -23.0 -18.0

Vo 13.4 141 | 75 8.2 3.8 4.3
FRHBS 1.123 1.125 | 1.064 1.086 | 1.031 1.033
EIOPA measure | 0.130 0.137 [ 0.072 0.073 | 0.035 0.040
Required level 0.175 0.175 | 0.175 0.175 | 0.175 0.175

X X X X X X
Dynamic measure | 0.252 0.251 | 0.253 0.253 | 0.292 0.293
Required level 0.157 0.157 | 0.149 0.149 | 0.143 0.143

Table 33: Effect of changing the horizon on the options on the holistic balance sheet and on the
two solvency tests, for Policy 7 and Policy 8

mechanism, and the negative adjustment mechanism increase in absolute value in case the
horizon is extended. This makes sense, as due to a longer horizon the pension fund can use
the options during a longer period, which increases the value of each of the options.

Secondly, it can be seen that considering a longer horizon will decrease the effect it has on
the values of the different options. The reason for this consequence is that the longer the
horizon, the fewer participants are left in the fund, as the fund fictitiously closes at time zero.

In Table 34 the generational effects of extending the horizon are shown. However as

emphasized in Section 3.9, note these generational effects are not representative as the policy
of the fund will not be adjusted to the fact that the fund is fictitiously closed at time zero.
Due to a longer horizon, the effects are positive for all cohort groups for both policies. For
the old cohort group, the effects between a horizon of 25 years and a horizon of 35 years,
are almost negligible. The reason is that after 25 years, the only participants left in the old
cohort group are of age 90 or older.
On the other hand, the effects of the young cohort group between the horizon of 25 years and
the horizon of 35 years display the opposite effect, i.e. the effects become more significant.
The reason for this result is that due to a longer horizon, more benefits are accrued and the
discount factors increase at the end of the horizon, which makes the adjustment mechanism
more valuable.
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. ohort _ Total
Poli cy (;roup _ VOEC VOA M+ VO AM ffect
7 Young -0.7 2.7 -2.8 -0.8
Middle | -0.5 13.2 -9.7 3.0
Old 5.9 -3.8 2.1
T—15 ' | ] Change in residue (AR) | -4.1
8 Young -0.6 2.8 -2.2 0
Middle | -04 13.5 -7.4 5.7
Old 6.0 -2.9 3.1
' | ] Change in residue (AR) | -3.4
Employee guarantee (—VF%) | -5.0
7 Young -1.1 5.5 -4.2 0.2
Middle -0.5 20.5 -12.6 7.4
Old 7.0 -4.2 2.8
T — 95 ' | ] Change in residue (AR) | -10.0
8 Young -1.1 5.7 -3.3 0.3
Middle -0.5 21.1 -9.8 10.8
Old 7.1 -3.2 3.9
' | ] Change in residue (AR) | -9.3
Employee guarantee (—V¢) | -6.4
7 Young -1.4 8.1 -5.2 1.5
Middle | -0.5 23.6 -13.6 9.5
Old 7.1 -4.2 2.9
T — 35 ' | ] Change in residue (AR) | -13.7
8 Young -1.3 8.6 -4.1 3.2
Middle -0.5 244 -10.6 13.3
Old 7.2 -3.2 4.0
' | ] Change in residue (AR) | -13.2
Employee guarantee (—V¢) | -7.0

Table 34: Generational effects of changing the horizon, for Policy 7 and Policy 8
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In total, every cohort group will obtain a larger effect due to a longer horizon, since the pos-
itive adjustment mechanism increases more in absolute value than the negative adjustment
mechanism. Hence, the change in the residue AR becomes more negative in case the horizon
is extended as a pension fund is a zero sum game. As emphasized before, these effects are
not representative for reality, and will therefore be repeated for the open fund framework in
Section 5.5.5.

Concentrating on the solvency measures in Table 33, the required level in the dynamic ap-
proach decreases over time, as explained in Section 4.3 and shown in Figure 2. Furthermore,
it can be seen that the EIOPA measure rejects both policies in every case, while the dynamic
measure indicates that both policies are solvent.

First of all, the required level of the EIOPA measure remains fixed. Second of all, due to the
fact that the positive adjustment mechanism increases more significantly than the negative
adjustment mechanism does in absolute value, the EIOPA constraint given in (17) will be
hard to meet.

On the other hand, the dynamic solvency constraint is met, as the residue option is large
enough. However, as can be seen in Figure 2 the residue option should be larger than or
equal to approximately 2.5 after 35 years for Policy 8. Still the residue option is equal to 4.3,
which indicates that the residue option might be even lower.

Here it can be concluded that the EIOPA solvency measure cannot cope with even longer
horizons, while the dynamic solvency measure is able to implement a horizon extension.

4.4.6 Order of policy instruments

In this section, the order of policy instruments is changed, as changing the order of the
policy instruments will have an effect on the different option values and their generational
effects. Here two additional orders are considered, as given in Table 35. Order 1 is the exact
opposite of the initial order, except for the fact that the sustainability cut is still followed
by the employer guarantee, since the sustainability would not have any value otherwise. The
changes in order 2 are not as extreme as the changes in order 1, however it is also investigated
whether small changes have an effect.

Initial order \ Order 1 \ Order 2

1. conditional indexation | 1. recovery premium 1. sustainability cut

2. sustainability cut 2. surplus sharing 2. catch up

3. employer guarantee 3. recovery plan 3. conditional indexation
4. catch up 4. catch up 4. surplus sharing

5. recovery plan 5. sustainability cut 5. employer guarantee

6. surplus sharing 6. employer guarantee 6. recovery plan

7. recovery premium 7. conditional indexation | 7. recovery premium

Table 35: Three different orders of policy instruments

In Table 36 the effects on the options of a different order of the policy instruments are
displayed. First thing to note is that the effects are more significant in case the pension fund
changes from the initial order to order 1, than from the initial order to order 2.
Concentrating on order 1, it can be seen that order 1 starts with the recovery premium,
where it can be seen in Table 36 that the employee contribution option increases. Note that
this effect is not as large as the effects in other option values, since the fund is fictitiously
closed at time zero.
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Initial order Order 1 Order 2

Policy 7 8 7 8 7 8
Sponsor support (V3T?) 1.12  6.02 | 1.33 3.06 | 1.12 6.04
Employee contribution option | 1.12 1.06 1.33 1.29 1.12 1.06
Employer guarantee option 0 4.96 0 1.77 0 4.98
Adjustment mechanism (VM) 5.63  9.83 6.44 7.81 574  9.95
Indexation option 14.31 1457 | 14.39 1453 | 14.30 14.55
Catch up indexation option 2.28 238 2.43 2.49 247 258
Surplus sharing option 530  5.37 5.79 5.83 5.29  5.36
Sustainability cut option -6.52 -5.71 | -1.21  -1.17 | -6.54 -5.72
Recovery plan option -9.74 -6.78 | -14.96 -13.87 | -9.78 -6.82
Residue option (ViF9) 13.39 14.08 | 12.81 13.14 | 13.28 13.98
Surplus option 14.03 14.67 | 13.49 13.76 | 13.93 14.57
Deficit option -0.64 -0.59 | -0.69 -0.62 | -0.65 -0.59
AHBS 118.6 123.5 | 118.8 120.6 | 118.6 123.5
LHBS 105.6 109.8 | 106.4 107.8 | 105.7 110.0
FRHBS 1.123 1.125 | 1.117 1.118 | 1.122 1.124
EIOPA measure 0.130 0.137 | 0.124  0.127 | 0.129 0.136
Required level 0.175 0.175 | 0.175  0.175 | 0.175 0.175

X X X b 4 b 4 b 4
Dynamic measure 0.252 0.251 | 0.239 0.241 | 0.250 0.249
Required level 0.157 0.157 | 0.157  0.157 | 0.157 0.157

Table 36: Effect of changing the order of the policy instruments on the options on the holistic
balance sheet and on the two solvency tests, for Policy 7 and Policy 8

The second instrument that will be used in case of a low funding ratio is the recovery plan
in order 1. It can be seen that in both Policy 7 and Policy 8 the recovery plan option has
an extremely high absolute value with respect to the initial order. Due to the fact that the
sustainability cut will be used later than the recovery plan, the sustainability cut decreases
in absolute value. In Policy 7, the total negative adjustment mechanism changes not that
significant in order 1 with respect to the initial order, however, in Policy 8 there is a sig-
nificant change. The reason for this result is that in the initial order, the employer bears a
lot of the risks, while in order 1, the employer guarantee will not be used that much, as the
recovery plan is implemented before the employer guarantee.

In the higher quantiles of the funding ratio, the surplus sharing instrument is used first in
order 1. Therefore, it can be seen that this option value increases with respect to the initial
order. As cuts are done earlier in order 1 with respect to the initial order, the catch up
indexation option also increases in value.

Finally, the conditional indexation is used, whereas the value of this option will not change
much as this is the only policy instrument that is used for funding ratios between 100 percent
and 130 percent. Furthermore, due to an increase in the positive adjustment mechanism, the
residue option decreases in value.

Concentrating on order 2, it can be seen in Table 36 that few significant changes are displayed
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with respect to the initial order. The sustainability cut option increases a little, as this option
will now be used as the first instrument. The most significant effect can be seen in the catch
up indexation option, where the value increases in both policies by approximately 0.2.

The increase in the value of the catch up indexation option works through in the residue
option, which decreases, as more indexation will be given.

In Table 34 the generational effects of changing the order of the policy instruments are

. Cohort | + pe AM 4 AM— Total
Policy group Vo Vo i€ effect
7 Young | -0.66 2.7 -2.78 -0.73
Middle | -0.46  13.25 -9.69 3.10
Old 5.94 -3.80 2.14
. '~ | ] Change in residue (AR) | -4.1
Initial order - Young | 0.62  2.78 205 | 0.00
Middle | -0.44 13.52 -7.44 5.64
L o | 603 200 | au4
Change in residue (AR) | -3.4
Employee guarantee (—V%) | -5.0
7 Young | -0.79 2.79 -2.76 -0.76
Middle | -0.54  13.67 -9.64 3.49
Old 6.15 -3.77 2.37
'~ | ] Change in residue (AR) | -4.7
Order 1 g Young | -0.76  2.82 258 052
Middle | -0.53  13.82 -8.97 4.33
] Od_| 620 34y |27
Change in residue (AR) | -4.4
Employee guarantee (—VF%) | -1.8
7 Young | -0.66  2.73 2.78 0.2
Middle | -0.46  13.34 9.72 3.16
Old 5.99 -3.81 2.17
' | ] Changein residue (AR) | -4.2
Order 2 g Young | -0.63  2.80 2.16 0.02
Middle | -0.44 13.62 -7.48 5.71
L o | e6os 201 |37
Change in residue (AR) | -3.5
Employee guarantee (—V%) | -5.0

Table 37: Generational effects of changing the order of the policy instruments, for Policy 7 and
Policy 8

shown. However as emphasized in Section 3.9, note these generational effects are not repre-
sentative as the policy of the fund will not be adjusted to the fact that the fund is fictitiously
closed at time zero.

It can be seen in Table 37 that the effects will be larger for order 1 with respect to the initial
order, than for order 2 with respect to the initial order.

It can be seen that the young cohort group is worse off in order 1, while this group is better
off in order 2. The reason for this result is that in order 1, the young cohort group has to pay
more recovery premium, while the young cohort group gets a small amount more indexation
due to catch up indexation in order 2.
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The middle and old cohort group will be better off in both order 1 and order 2 with respect
to the initial order, excluding order 1 Policy 8, which is also reflected in the change in the
residue as AR becomes more negative for both orders. The reason that the middle and old
cohort group are better off in order 1 Policy 7, while the young cohort group is not, is that
the middle and old cohort group share more in the surplus due to more accrued benefits.
The reason that all the cohort groups will not be better off in order 1 Policy 8, is that the
recovery plan option increases significantly, while the employer bears less of the risks. As
these generational effects are not in line with reality, this study will be repeated for the open
fund framework and is shown in Section 5.5.6.

In Table 36 it can be seen that the EIOPA solvency measure states that both policies are
insolvent for each order, while the dynamic solvency measure indicates that all policies with
the different orders, shown in Table 35, are solvent.

4.4.7 Policy ladders

In this section, the policy ladders presented in Figure 1 are varied, where two new policy
ladders are chosen, as given in Figure 3. Ladder 1 shows a ladder where the participants
will get catch up indexation and surplus sharing at a lower funding ratio level, while their
benefits will be cut at a lower funding ratio level. Furthermore, the recovery premium the
participants pay is lowered.

Ladder 2 shows the opposite effect, where the participants get catch up indexation and
surplus sharing at a higher funding ratio level, while their benefits will be cut at a higher
funding ratio level. Furthermore, the recovery premium the participants pay is increased.
Hence, ladder 2 is a less friendly policy ladder.

Initial ladder Ladder 1 Ladder 2

Policy 7 8 7 8 7 8
AHBS 118.6 123.5 | 118.0 121.3 | 119.0 125.3
A 117.5 117.5 | 117.5 1175 | 117.5 1175
Vors 1.1 6.0 0.5 3.8 1.5 7.8
LHBS 105.6 109.8 | 107.5 110.5 | 102.9 108.0
Lo 100.0 100.0 | 100.0 100.0 | 100.0 100.0
yAM+ 219 223 | 252 255 | 185 19.1
VM= -16.3  -12.5 | -17.7 -15.0 | -15.6 -11.1
Vo 134 14.1 | 109 11.2 | 165 17.7
FRHBS 1.123 1.125 | 1.098 1.098 | 1.156 1.160
EIOPA measure 0.130 0.137 | 0.105 0.108 | 0.161 0.173
Required level 0.175 0.175 | 0.175 0.175 | 0.175 0.175

b's X X b'e b'e X
Dynamic measure | 0.252 0.251 | 0.201 0.199 | 0.319 0.321
Required level 0.157 0.157 | 0.157 0.157 | 0.157 0.157

Table 38: Effect of changing the policy ladders on the options on the holistic balance sheet and on
the two solvency tests, for Policy 7 and Policy 8
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Initial ladder Ladder 1 Ladder 2

Full indexation

Catch up indexation

Surplus sharing smoothed over 10 years
— 140% —  130% — 160%
Full indexation
Catch up indexation
— 130% —  120% +— 140%
Conditional indexation
— 100% — 100% — 100%
No indexation

Five year recovery plan

Recovery premium of a percentage points
— 95% —  90%
No indexation

Five year recovery plan

Recovery premium of b percentage points
— 90% — 8% —  95%
No indexation

Employer guarantee

Recovery premium of ¢ percentage points
— 85% —  80% — 90%
No indexation

Sustainability cut

Recovery premium of ¢ percentage points

Percentage points of recovery premium \ a b c
Initial ladder 2 4 4
Ladder 1 1 2 2
Ladder 2 3 3 6

Figure 3: Three different policy ladders: order of policy instruments the pension fund can use
dependent on its funding ratio with the additional varied percentage points of recovery premium

In Table 38 the effects of changing the policy ladders can be seen. The first effect that
occurs is that the value of the sponsor support decreases in ladder 1, while it increases in
ladder 2, with respect to the initial ladder. This is the consequence of a lower recovery pre-
mium in ladder 1, while in ladder 2 the recovery premium the participants have to pay is
increased.

The second effect that can be seen is the increase in the value of the positive adjustment
mechanism in ladder 1, while this value decreases in ladder 2, with respect to the initial lad-
der. This is also an obvious result, as there will be given full indexation, catch up indexation,
and surplus sharing at lower funding ratio levels in ladder 1, than is given in ladder 2.

A consequence of the change in the value of the positive adjustment mechanism, is that the
negative adjustment mechanism will change, whereas it increases in absolute value in lad-
der 1 and decrease in absolute value in ladder 2. However, at first, one might expect that the
negative adjustment mechanism should increase in absolute value in ladder 2, as the benefits
will be cut at higher funding levels than in ladder 1. The reason for the opposite effect is due
to the positive adjustment mechanism, as in cases where there will be given more indexation,
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the probability that the benefits are cut in the future increases, and the other way around.
Finally, due to the high positive adjustment mechanism in ladder 1, the residue option de-
creases, while the opposite effect occurs in ladder 2.

In Table 39 the generational effects can be seen. However as emphasized in Section 3.9,

. Cohort | + pe AM+ AM— Total
Policy group Vo Vo Vo effect
7 Young -0.7 2.7 -2.8 -0.8
Middle -0.5 13.2 -9.7 3.0
Old 5.9 -3.8 2.1
.. '~ | ] Change in residue (AR) | -4.1
Initial ladder |- Young | 06 28 2.2 0
Middle -0.4 13.5 -74 5.7
L od | 60 29 | : 3.1
Change in residue (AR) | -3.4
Employee guarantee (—VFY) | -5.0
7 Young -0.3 3.1 -3.0 -0.2
Middle -0.2 15.2 -10.6 4.6
Old 6.9 -4.1 2.8
'~ | ] Change in residue (AR) | -6.6
Ladder 1 8 Young | -0.3 3.2 2.6 0.3
Middle -0.2 15.3 -9.0 6.1
I od_|______~ 7034 | d 36_
Change in residue (AR) | -6.3
Employee guarantee (—VFY) | -3.4
7 Young -0.9 2.3 -2.6 -1.2
Middle -0.6 11.3 -9.3 -1.4
Old 5.0 -3.7 1.3
'~ | ] Change in residue (AR) | -1.0
Ladder 2 8 Young | -0.7 24 1.9 02
Middle -0.5 11.7 -6.6 4.6
L Qlfl 777777777 5 .717 - 7—276 77777 2 757 .
Change in residue (AR) | 0.2
Employee guarantee (—VFY) | -6.7

Table 39: Generational effects of changing the policy ladders, for Policy 7 and Policy 8

note these generational effects are not representative as the policy of the fund will not be
adjusted to the fact that the fund is fictitiously closed at time zero.

The main effect that occurs is that all cohort groups will be better off in policy ladder 1 with
respect to the initial ladder, while all cohort groups are worse off in policy ladder 2, concen-
trating on the separated total effects. The reason for this main effect is that the participants
pay more recovery premium in ladder 2 than in ladder 1. Furthermore, the participants
receive more indexation in ladder 1 than in ladder 2.

Additionally, due to the increase in total effects in ladder 1, the change in residue increases
in absolute value, while the opposite effect occurs for ladder 2. However, these changes in
the residue do not provide more information, as the fund is not really closed at time zero.
Therefore, this generational study will be repeated in Section 5.5.7.
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Concentrating on the solvency measures given in Table 38, it can be seen that again the
EIOPA measure rejects both policies for each policy ladder, while the dynamic measure ac-
cepts all policies for each policy ladder.

It can be seen that the EIOPA measure is almost satisfied for ladder 2. Therefore, if a pension
fund has to meet the EIOPA requirement in order to be solvent, a powerful thing to change
are the policy ladders. However, such a change might be at the expense of the interests of
the participants. On the other hand, ladder 1 will not be satisfied by the EIOPA measure
constraint, as the positive adjustment mechanism gets an extremely positive significant value.
Furthermore, it can be seen that the dynamic measure considers both policy ladders as sol-
vent policies. Still the residue options might become even lower for ladder 1, even though the
residue option has decreased significantly already, which indicates that even ladder 1 might
be changed to an even less strict policy ladder.
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5 Holistic balance sheet used as continuity analysis and
solvency measure in open fund framework

5.1 Introduction

In Section 3 and Section 4 a pension fund is considered where it was fictitiously closed at
time zero. In reality, if a pension fund is closing at some time in the future, the policy will be
adjusted to this aspect, such that the residue is divided among all participants in the fairest
way. However, as the fund will not be closed at time zero, the holistic balance sheet of a
fictitiously closed fund gives a financial view of the pension fund which is not in line with
reality.

Hence, in this section an alternative use of the holistic balance sheet is introduced, where
the fund remains open for new participants after time zero, where contributions will be paid
and where new benefits are accrued by its participants.

A holistic balance sheet in an open fund framework can be used as an additional tool for a
continuity analysis. Where in the usual continuity analysis classical ALM is used, the holistic
balance sheet used as continuity analysis is formed with value-based ALM. Both continuity
analyses provide similar information, only the information is presented in different value
terms.

The pension fund is sustainable for the horizon considered whenever the holistic funding
ratio of an open fund framework holistic balance sheet is at least equal to 100 percent, as in
this case the unconditional and conditional liabilities are covered by its unconditional and
conditional assets. Therefore, the holistic balance sheet in the open fund framework provides
trustees with a more complete picture of the evolution of the fund than the holistic balance
sheet in the closed fund framework does.

As the holistic balance sheet in the open fund framework is introduced to provide a more
complete picture of the financial position of a pension fund, the holistic balance sheet intro-
duced before will be slightly adjusted and is presented in Table 3 in Section 2.3.

It can be seen that two new additions are stated on the holistic balance sheet, namely the
contributions CON, which are the contributions valued at time zero that are paid by the
working participants over the horizon considered and the new accrued benefits N AB, which
are the new benefits valued at time zero that are accrued by the working participants over
the horizon considered. Both the valuation of CON and N AB are explained in Section 2.7.

In the remainder of this section, first the eight policies introduced in Section 3 are con-
sidered in Section 5.2 for the open fund framework. In Section 5.3 the different generational
effects of these eight policies are explained, which represent generational effects that are in
line with reality as emphasized in Section 3.9. The solvency measures introduced in Section 4
are slightly adjusted in Section 5.4. Finally, a sensitivity analysis is done for the open fund
framework in which the same aspects are adjusted as shown in Section 4.4.

5.2 Effect of different policies on option values in open fund frame-
work

In this section, the eight policies introduced in Section 3 are considered for an open fund, i.e.
the fund will not be closed at time zero as is the case in Section 3 and Section 4. In Table 40
and Table 41 a summary of these eight policies is given, where C' stands for closed fund and
O for open fund.

The same symbols are used as before. Ay are the assets of the pension fund, CON are the

67



Policy ‘ 10 10 ‘ 20 20 30 30 40 40
AHBS 1175 1658 [ 117.5 165.8 [ 119.5 168.2 [ 119.5 168.2
Ay 1175 1175 | 1175 117.5 | 1175 1175 | 117.5 1175
CON 48.3 48.3 48.3 48.3
VoPs 0 0 0 0 2.0 2.3 2.0 2.3
LHBS 135.6 187.0 | 113.0 157.5 | 113.1 157.7 | 114.3 159.6
Lo 100.0  100.0 | 100.0 100.0 | 100.0 100.0 | 100.0 100.0
NAB 41.2 41.2 41.2 41.2
VAMT | 356 458 | 13.0 163 | 131 165 | 143 184
VAM= |0 0 0 0 0 0 0 0
Vo -17.7 0 -20.0 | 4.9 9.6 6.8 11.7 | 5.6 9.8
Ve 4.7 195 | 175 243 | 179 250 | 16.8 23.3
Vo 2324 -395 | -12.6  -14.8 | -11.1  -13.3 | -11.2  -13.5
FRHEBS 10867 0.887 | 1.040 1.053 | 1.057 1.067 | 1.046 1.054

Table 40: The option values of the first four policies introduced in Section 3 for an open fund

POliCy ‘ 50 50 60 60 7C 70 80 80
AHBS 119.1 167.7 | 118.6 167.1 | 118.6 167.2 | 123.5 173.6
A 1175 1175 | 1175 1175 | 1175 1175 | 117.5 117.5
CON 48.3 48.3 48.3 48.3
Vors 1.6 1.9 1.1 1.3 1.1 1.3 6.0 7.7
LHBS 103.1 146.0 | 100.4 142.2 | 105.6 148.0 | 109.8 153.3
Ly 100.0 100.0 | 100.0 100.0 | 100.0 100.0 | 100.0 100.0
NAB 41.2 41.2 41.2 41.2
VAMT | 152 200 | 164 217 | 219 279 | 223 284
VM= | a2 4151 | -16.0 0 -20.7 | -16.3 <210 | -125  -16.3
Vo 16.5 229 | 186 262 | 134 204 | 141 215
Ve 182 258 | 19.2 274 | 140 21.7 | 147 226
VPe -7 29 | 06 -12 | -06 -1.3 | -06 -1.1
FRHBS | 1156 1.148 | 1.181 1.175 | 1.123 1.130 | 1.125 1.132

Table 41: The option values of the last four policies introduced in Section 3 for an open fund
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contributions paid by the working participants, V;>F'® is the value of the sponsor support,

L are the liabilities of the pension fund, NAB are the new accrued benefits, VOAM T is the
sum of the values of the positive adjustment mechanism options, VOAM ~ is sum of the values
of the negative adjustment mechanism options, and VORO is the value of the residue option.
Additionally, V§°© is the value of the surplus option and V¢ is the value of the deficit
option.

Furthermore, the assets on the asset side of the holistic balance sheet are presented by A75S,
which is defined by

AMBS = Ay + CON + Vs,

the liabilities on the liability side of the holistic balance sheet are presented by L7759 which
is defined by
LHBS _ LO + NARB + VOAM+ T ‘/E)A]\/f—7

and the holistic funding ratio FR¥ B9 is defined by

AHBS

HBS __
FR ~ LHBS"

First aspect that can be seen in Table 40 and Table 41 is that in the open fund new benefits
are accrued, so that NVAB gets a positive value. Furthermore, it can be seen that contribu-
tions will be paid by the working participants. Note that CON represents the cost covering
contribution that is paid, such that it holds that CON = (1 + S) - NAB, where S is defined
as explained in Appendix A.

A second thing that can be seen in both tables is that the values of the options increase in
absolute magnitude, comparing the open fund framework with the closed fund framework.
For instance, concentrating on the positive adjustment mechanism VOAM *, as more benefits
are accrued by the participants, the absolute value of positive indexation given over these
benefits increases. The same reasoning applies for the negative adjustment mechanism Vi*™
since the more new accrued benefits, the higher the absolute value of negative indexation
given over these benefits will be.

The reason that the sponsor support V'S increases in value due to an open fund is that
new participants will enter the fund, which also pay recovery premium.

Another result that can be seen is that the options react in the same way to policy changes
as explained in Section 3. So for instance, if the recovery premium is introduced in Policy 3,
the sponsor support V> gets a positive value, whereby the value of the indexation option
increases with respect to Policy 2, and thus the adjustment mechanism increases, as can be
seen in Table 40. The reason for this fact is that due to recovery premium, more indexation
can be given to the participants of the fund with respect to Policy 2.

Another example is introducing the employer guarantee, which is the case in Policy 8 that
can be seen in Table 41. Due to the employer guarantee, the sponsor support increases
significantly in value, while the negative adjustment mechanism decreases in absolute value
with respect to Policy 7, as the employer bears more of the risks instead of the participants
bearing all the risks.

Finally, it can be seen that the value of the residue option VORO increases for every pol-
icy by changing from a closed fund framework to an open one. The reason for this effect
is that a pension fund is a zero sum game and due to the fact that the contributions are
S - 100% higher than the value of the new accrued benefits, more money is coming in which
can be invested. Hence, in the end, the residue option gets a higher value.

Additionally, the deficit option, which is the negative part of the residue option, increases
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more in absolute value for an open fund with respect to a closed fund. The reason for this
fact is that due to an open fund, the value of the total unconditional assets will get higher
through time. However, the effects of extremely low returns will be more significant in the
open fund framework. Therefore the deficit option gets a larger negative value.

The only exception of the effect that can be seen in the residue option is Policy 1, as in
this policy the value of the residue option V¥ decreases, where the deficit option increases
significantly in absolute value from -32.4 to -39.5, as more bad scenarios occur in Policy 1
with respect to the other seven policies.

5.3 Generational effects in open fund framework

As in Section 5 an open fund framework is considered, the generational effects will make
more sense than in a fictitiously closed fund, as the fund is not closed in reality and new
participants can enter the fund after time zero.

Due to an open fund, an additional cohort group is considered, as before the new participants
were not taken into account in the generational study. Therefore there are four disjoint cohort
groups, namely:

e New cohorts: participants entering the fund after time zero;
e Young cohorts: participants aged 25 - 44 at time zero;

e Middle cohorts: participants aged 45 - 64 at time zero;

e Old cohorts: participants aged 65 - 99 at time zero.

Again, note that these participants will not switch from one cohort group to another as they
are followed through time.

In this generational study, six aspects play a role of which five of them can be divided among
disjoint cohort groups. As explained in Section 3.9, the employee contribution option V¢
can be divided among the working participants, which only excludes the old cohort group.
The effect of a higher employee contribution option is considered negative for the different
cohorts. Furthermore, the adjustment mechanism V[)AM can be divided among all partici-
pants, where a distinction is made between the positive adjustment options VOAM * and the
negative adjustment options VOAM ~, where the indexation option, the catch up indexation
option, and the surplus sharing option are the positive adjustment options, and where the
sustainability cut option and the recovery plan option are the negative adjustment options.
Two other aspect that can be divided among different cohorts are the contributions that will
be paid CON and the benefits that will be accrued NAB during the horizon considered.
These two aspects can only be divided among the working participants, as the retirees do
not pay any contributions and do not accrue new benefits. Note that the higher CON will
be, the higher the negative effect will be for those cohorts, while the higher NAB will be,
the higher the positive effect will be for those cohorts.
The sixth and final aspect that has an influence on the different cohorts is the change in the
residue, which is defined as

AR =V — Ry,

where VORO is the value of the residue option, and Ry is the residue at time zero, i.e. Ry =
Ag — Lg. As before the change in the residue did not make much sense, since the fund was
fictitiously closed, the change in the residue makes sense in the open fund framework.

However, the change in residue cannot be assigned to one particular cohort group, as it
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influences more cohorts. The more positive the change in residue AR will be, the more
positive value transfer takes place from the older cohorts to the younger cohorts. On the
other hand, the more negative the change in residue AR will be, the more deficit will be sent
into the future and thus to younger and future participants.

Therefore, this final aspect did not make much sense in the closed fund framework, as the
policy is not adjusted to the fact that the fund will be closed at time zero and thus it is not
stated in the policy to which cohorts the residue belongs and how this residue can be divided
among different cohorts.

Still, the change in the residue AR cannot be assigned to the new and young cohort group
only, as a higher value of the residue change will also slightly affect the middle and old cohort
group, as the benefits of those groups will be cut less in the future years in this case and
more indexation will be given to them. Hence AR affects all participants within the fund
after time 7.

Note that the employee guarantee option, which is only used in Policy 8, also affects the
different cohorts. However, this option cannot be divided among disjoint cohort groups, as
it does not belong to a specific cohort.

Hence, the total effect that can be assigned to the different cohort groups is equal to the
negative value of the contributions plus the negative value of the employee contribution
option plus the value of the new accrued benefits plus the value of the positive adjustment
mechanism plus the value of the negative adjustment mechanism:

Total effect = ~CON — VFC + NAB + VM + 4 vV =,

In Table 42 the effects for the disjoint cohort groups for the eight policies introduced in
Section 3 can be seen. The effects shown in the closed fund framework in Section 3.9 in
Table 21 differ quite much with respect to the effects shown in this section.

First of all, contributions are paid and new benefits accrued, such that those components
get a negative and positive value respectively for the new, young, and middle cohort group.
Even though it holds that CON = (1 + S) - NAB, this effect is not true for the different
cohort groups.

It can be seen that the contributions are highest in absolute value for the young cohort group,
since in this group the most workers are present during the horizon of 15 years considered,
while in the middle cohort group participants are present that switch from working partici-
pant to retiree and in the new cohort group only participants are present that enter the fund
after time zero.

Concentrating on the new accrued benefits, it can be seen in Table 42 that the value of these
new accrued benefits are the highest for the middle cohort group, since the benefits of these
cohorts will be paid out first in the future with respect to the younger cohort groups. Even
though there are fewer participants accruing new benefits in the middle cohort group, as a
large fraction of the participants in this group becomes a retiree during the horizon consid-
ered, the value of the new accrued benefits is still higher than this same value for the young
cohort group. The value of the new accrued benefits for the new cohort group is much smaller
than those values of the two other cohort groups, as these benefits will not be paid out in the
near future, such that the discount factors are extremely low which drives the values down.
Paying attention to the net effect of the contributions paid and the new benefits accrued,
it can be seen that this net effect will be positive for the middle cohort group, while it is
negative for the other two younger cohort groups.®

8The so called ’doorsneepremie’, which includes a certain pay as you go aspect and means that all the
participants within a fund pay a premium that consists of the same percentage of their wage level, is at the
expense of the younger participants.
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Policy | C°M" | _cON  —VEC  NAB M+ yam- | Total
group effect
1 New -8.2 5.0 0.8 24
Young -23.3 18.0 9.5 4.2
Middle -16.8 18.1 26.6 27.9
Old 8.9 8.9
|1 7 Changein residue (AR) | -37.5
2 New -8.2 5.0 0.2 -2.9
Young -23.3 18.0 2.9 -2.5
Middle -16.8 18.1 9.6 10.9
Old 3.6 3.6
|| Change in residue (AR) | -7.9
3 New -8.2 -0.5 5.0 0.2 -3.4
Young -23.3 -1.1 18.0 2.9 -3.5
Middle -16.8 -0.7 18.1 9.7 10.3
Old 3.6 3.6
|| Changein residue (AR) | -5.8
4 New -8.2 -0.5 5.0 0.2 -3.4
Young -23.3 -1.1 18.0 3.2 -3.2
Middle -16.8 -0.7 18.1 10.9 11.5
Old 4.0 4.0
|1 7 Changein residue (AR) | -7.7
5 New -8.2 -0.4 5.0 0.3 -0.4 -3.6
Young -23.3 -0.9 18.0 3.7 -3.9 -6.4
Middle -16.8 -0.6 18.1 11.8 -8.3 4.1
Old 4.2 -2.5 1.7
| Change in residue (AR) | 5.4
6 New -8.2 -0.2 5.0 0.4 -0.5 -3.5
Young -23.3 -0.6 18.0 4.2 -5.1 -6.9
Middle -16.8 -0.4 18.1 12.8 -11.5 2.2
Old 4.4 -3.6 0.9
|1 7 Changein residue (AR) | 87
7 New -8.2 -0.2 5.0 0.4 -0.5 -3.5
Young -23.3 -0.6 18.0 5.1 -5.2 -6.1
Middle -16.8 -0.4 18.1 16.4 -11.7 5.6
Old 5.9 -3.6 2.3
| Change in residue (AR) | 2.9
8 New -8.2 -0.2 5.0 0.4 -0.4 -3.4
Young -23.3 -0.6 18.0 5.2 -4.0 -4.7
Middle -16.8 -0.4 18.1 16.8 -9.1 8.6
Old 6.0 -2.8 3.2
|| Changein residue (AR) | 4.0
Employee guarantee (—V¢) | -6.5

Table 42: Effects for four different cohort groups in an open fund for the eight policies introduced
in Section 3, namely the new cohort group, young cohort group, the middle cohort group, and the
old cohort group.

72



In Table 42 it can be seen that the total effects for the new cohort group for the different
policies will always be negative. The reason for this fact is that, as explained above, the value
of the contributions is higher than the value of the new accrued benefits, while furthermore
the effects of the employee contribution option, the positive and negative adjustment mecha-
nisms are not that high. The adjustment mechanism for the new cohort group is that low in
absolute value, since these cohorts have not accrued much benefits and on top of that, these
benefits will not be paid out for a long time, such that the discount factors are extremely low.

Another large difference with respect to the closed fund framework occurs for the young
cohort group. While the effect for this group was positive for Policy 1 up to Policy 4, in
reality the effect that can be properly assigned to this cohort group is only positive for Pol-
icy 1. Note that the change in residue is extremely negative in Policy 1, which also should
be taken into account. The effect of the change in residue is discussed extensively later on in
this section. The reason that the total effect will become negative for Policy 2 up to Policy 4
with respect to the closed fund framework is thanks to the contributions CON which have
a larger magnitude than the new accrued benefits N AB for the young cohort group.
Furthermore, it can be seen that the magnitude of the employee contribution option for the
young cohort group gets less in most policies. The reason for this fact is that in the open
fund framework new participants also take part of the burden to pay recovery premium.
Finally, it can be seen that the positive and negative adjustment mechanism increase in mag-
nitude for the young cohort group, which makes sense as these cohorts accrue new benefits
in the open fund framework on which positive and negative indexation can be given.

Concentrating on the middle cohort group, it can be seen that the total effects are posi-
tive for all policies, while it can be seen in Table 21 that the total effect was negative for
Policy 6 in the closed fund framework. The reason that the total effect will be positive in the
open fund framework is due to the fact that the new accrued benefits NAB have a higher
value than the contributions CON paid by the middle cohort group.

Furthermore, the same effect that occurs for the young cohort group can be seen in the value
of the employee contribution option; the magnitude of the contribution option decreases due
to the fact that the burden of paying recovery premium is shared among more participants.
Finally, it can be seen that the positive and negative adjustment mechanism increase in
magnitude for the middle cohort group, just as is the case for the young cohort group. The
difference is that the positive and negative adjustment mechanism will increase by a higher
absolute value than for the young cohort group, due to the fact that the benefits of the middle
cohort group will be paid out sooner.

In total, the effect for the middle cohort group will increase with respect to the closed fund
framework, due to the results just described.

It can be seen in Table 42 that the effects for the old cohort group will not change much
with respect to the closed fund framework presented in Table 21. The reason for this con-
sequence is that the old cohort group will not be doing anything different in the open fund
framework, as the participants in this cohort group are already retired and receiving their
already accrued benefits as long as they are still alive.

The final aspect that can be seen in Table 42 is the change in residue AR. While the
change in residue was only positive for Policy 6 in the closed fund framework shown in Ta-
ble 21, it is positive in Policy 5 up to Policy 8 in the open fund framework. The reasons for
these changes are already explained at the end of Section 5.2, as the changes in the value
of the residue option V{'“ are explained and on top of that the value of the residue at time
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zero Ry remains constant, recall AR = VORO — Ry.

It can be seen in Table 42 that the total effects for the four cohort groups are the highest for
Policy 1. However, it also can be seen that the change in the residue AR is significantly nega-
tive, which means that at the end of the horizon the pension fund will be highly underfunded
with a large probability. The consequence is that the deficit will be pushed into the future to
the younger participants, who will eventually suffer from the large deficits. Therefore, even
though the effects that can be separated among the different cohort groups are the highest
in Policy 1, this policy is unsustainable and not in line with the interests of all participants,
as the younger participants will eventually have to deal with the deficit.

Additionally, it can be seen that the change in residue is also negative for Policy 2 up to
Policy 4, however in less magnitude as in Policy 1. Due to the increase in the change in
residue, a value transfer is visible where all the total effects of the different cohort groups
decrease. As the change in residue is negative, the effects of the younger cohorts are even
more negative than the effects that actually can be assigned to them.

Adding the sustainability cut in Policy 5 results in a positive change in residue, where the
total effect of the new cohort group does not change much as it decreases from -3.4 to -3.6,
and where the other thee cohort groups experience a greater loss. However, since the change
in residue is positive, this affects all the different cohort groups in a positive way (mainly
the younger cohorts), as the fund becomes more maintainable such that the probability of
reducing the benefits in the future will be decreased.

Adding the recovery plan in Policy 6 strengthens the effects that occur of changing from
Policy 4 to Policy 5, as the total effects of the cohorts decrease, while the change in residue
increases. The only exception that can be seen is visible in the total effect of the new cohort
group, which becomes less negative in Policy 6 with respect to Policy 5 due to the decrease
in absolute value of the employee contribution option.

In Policy 7 surplus sharing is added to Policy 6. It can be seen in Table 42 that due to this
surplus sharing the change in residue decreases significantly with the consequence that the
total effects for the two oldest cohort groups increase the most. Still, the effects for the two
youngest groups are negative. However, as the change in residue is positive, there will be a
value transfer to the younger participants from which also these two younger cohort groups
benefit.

Adding an employer guarantee in Policy 8 makes sure that the change in the residue will
increase even further, where the total effects of all the cohort groups increase. It can be seen
that the change in the total effect for the new cohort group is the smallest. Again, notice
that a value transfer to the younger participants is present due to the fact that the change
in residue is positive.

In total, it can be said that Policy 7 and Policy 8 are better policies from a generational
perspective with respect to the other six policies, as in these two policies the value transfers
from the older participants to younger and future participants of the fund are smaller.

5.4 Solvency measures: EIOPA and dynamic approach

Due to considering an open pension fund, the solvency measures introduced in Section 4.2
and Section 4.3 have to be slightly adjusted in order to make sense.

First of all, the EIOPA solvency measure should be adjusted such that next to the dif-
ferent options, also the new contributions that will be paid and the new benefits that will
be accrued are taken into account. Therefore the restriction formula should be adjusted as

74



follows:
R0+%SPS_%AM ZSLO<:>

Ry + CON + VPS5 - NAB - V™ > 5. L,. (19)

This adjustment is made, as the EIOPA measure takes into account the conditional assets as
a positive aspect, while it takes into account the conditional liabilities as a negative aspect.
Here the contributions CON are stated on the asset side and should thus be added to the
restriction formula, while the new accrued benefits are considered liabilities and should thus
be subtracted.

The dynamic solvency measure does not explicitly take into account the different condi-
tional assets and liabilities as the EIOPA solvency measure does; it only uses the value of the
residue option Vi€ explicitly. Therefore, the dynamic solvency restriction formula remains
exactly the same as before, namely:
VORO

——— > S(Dyp).

PV(Ly) = (Dr)
However, note that the duration of the liabilities is higher as in Section 4 as the fund is not
closed at time zero and will therefore remain approximately constant. Hence, the required
percentage that a pension fund should hold as a percentage of the liabilities remains approx-
imately constant, i.e. S(Dp) remains approximately constant over time.

In Table 43 the results of the EIOPA solvency test and the dynamic solvency test are

Policy 1c 2c 3¢ 4o 5¢ 6¢ Tc 8¢
EIOPA measure -0.181 0.045 0.064 0.052 0.161 0.182 0.130 0.137
Required level 0.175 0.175 0.175 0.175 0.175 0.175 0.175 0.175
b 4 b 4 X b 4 X b 4 X
Dynamic measure | -0.236 0.083 0.115 0.094 0.321 0.375 0.252 0.251
Required level 0.157 0.157 0.157 0.157 0.157 0.157 0.157 0.157
b 4 X X b 4
Policy ‘ 1o 20 30 40 50 60 To 80
EIOPA measure -0.211 0.084 0.105 0.086 0.217 0.249 0.192 0.203
Required level 0.175 0.175 0.175 0.175 0.175 0.175 0.175 0.175
b 4 b 4 b 4 b 4
Dynamic measure | -0.163 0.096 0.117 0.096 0.254 0.299 0.223 0.225
Required level 0.170 0.171 0.170 0.170 0.170 0.171 0.170 0.170
b 4 X X b 4

Table 43: Solvency tests for the eight policies introduced in Section 3 for the closed and open fund

displayed for both the closed policies as the open policies, where C stands for closed fund
and O stands for open fund. It can be seen that the required level of the EIOPA solvency
measure remains the same, as this required level is equal to the solvency capital requirement
at time zero S, derived as given in Appendix A, while the required level of the dynamic
measure changes in the open fund framework with respect to the closed fund framework.
The reason for this change is that the duration of the liabilities after the horizon of 15 years
is lower in the closed fund.
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Furthermore, it can be seen that where the solvency measures did not give the same result
in the closed fund, those measures give the same outcome in the open fund, since Policy 5
up to Policy 8 are considered solvent by both measures.

As emphasized in Section 5.3, Policy 7 and Policy 8 are considered better from a gener-
ational perspective. Therefore, both solvency measures in the open fund give the result that
trustees of a pension fund would like to maintain for its participants, as indeed both Policy 7
and Policy 8 are considered solvent. However, in the fictitiously closed fund, the EIOPA sol-
vency measure does not give the result that trustees of a pension fund would like to achieve
for its participants.

Here it can be concluded that by adjusting the EIOPA solvency measure to an open fund
framework, the problem of not taking into account the fact that the fund fictitiously closes
at time zero is more or less solved, as the duration of the liabilities remains approximately
constant over time in an open fund framework. While, on the other hand, the duration of the
liabilities did not remain constant over time in the closed fund framework, with the result
that the required level of the EIOPA solvency test was too high in the closed fund framework.
However, the adjusted EIOPA solvency measure still includes the aspect of not yet taking
into account the fact that options themselves already perform as a certain hedge.

5.5 Sensitivity analysis

In this section, a sensitivity analysis is done again, in which the same aspects are adjusted
as presented in Section 4.4, where one additional aspect is considered, namely adjusting the
scenario set. In the following sections the above aspects are adjusted separately and are
compared with the benchmark case, in which an open fund is considered where the initial
funding ratio is equal to the required funding ratio (FRy = F'R"*?), the investment portfolio
consists for 50% of stocks and for 50% of bonds, the fund is equal to a projection of the
Dutch population, the horizon considered is equal to 15 years (T' = 15), and the order of
the policy instruments with their policy ladders are as given in Figure 1. Furthermore, the
results are compared to the results obtained in the closed fund framework.

5.5.1 Additional funding

In this section, the initial funding ratio is equal to 118.5% instead of 117.5%, to see whether
one percentage of extra assets will have an effect on the different options and the solvency
tests. In Table 44 and Table 45 the eight different policies are presented for both the bench-
mark case and the case with the additional funding of one percentage point.

Just as in the closed fund framework in Section 4.4.1, the solvency tests do not give a
different result due to one percentage point of additional funding. Furthermore, the effects
of additional funding are most visible in the contracts that have the least policy instruments.
Additionally, the same effects are visible in both tables as described in Section 5.2. Therefore,
in the remainder of this section, only Policy 7 will be considered, as this policy is considered
one of the better policies from a generational perspective as shown in Section 5.3.

5.5.2 Investment portfolio

The investment portfolio is adjusted in this section, where next to investing for 50 percent
in stocks and for 50 percent in bonds, a portfolio will be considered in which completely is
invested in stocks and a portfolio in which completely is invested in bonds. The results of
these three different investment portfolios are presented in Table 46 for both the closed fund
and the open fund framework.
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FRy = FR™ FRy=FR™ +1%

POlicy 10 20 30 40 10 20 30 40
AHBS 165.8 165.8 168.2 168.2 | 166.8 166.8 169.1 169.1
Ay 1175 1175 1175 1175 | 1185 1185 118.5 1185
CON 48.3 483 483 483 | 483 483 483 483
v rs 0 0 2.3 2.3 0 0 2.3 2.3
LHBS 187.0 157.5 157.7 159.6 | 187.0 157.8 158.0 159.9
Lo 100.0  100.0 100.0 100.0 | 100.0 100.0 100.0 100.0
NAB 41.2 412 412 412 | 41.2 412 412 412
VM 458 163 165 184 | 458 166 168 187

VM= 0 0 0 0 0 0 0 0
Vo -200 96 1.7 98 | -190 103 124 104
FRHBS 0.887 1.053 1.067 1.054 | 0.892 1.057 1.071 1.058
EIOPA measure | -0.211 0.084 0.105 0.086 | -0.201 0.091 0.111 0.092
Required level 0.175 0.175 0.175 0.175 | 0.175 0.175 0.175 0.175

X X X X X X X X
Dynamic measure | -0.163  0.096 0.117 0.096 | -0.154 0.103 0.124 0.103
Required level 0.170  0.171 0.170 0.170 | 0.170 0.170 0.170 0.170

X X X X X X X X

Table 44: Effect of additional funding on the options on the holistic balance sheet and on the two

solvency tests, for Policy 1 up to Policy 4 in an open fund

(s



FRy = FR™ FRy = FR™ +1%
Policy 50 60 70 80 50 60 70 80
AHBS 167.7 167.1 167.2 173.6 | 168.7 168.1 168.1 1744
A 1175 1175 1175 117.5 | 1185 1185 1185 118.5
CON 48.3 483 483 483 | 483 483 483 483
Vo Es 1.9 1.3 1.3 7.7 1.8 1.3 1.3 7.6
LHBS 146.0 142.2 148.0 153.3 | 146.5 142.8 148.7 153.9
Lo 100.0 100.0 100.0 100.0 | 100.0 100.0 100.0 100.0
NAB 412 412 412 412 | 412 412 412 412
yAM 20.0 21.7 279 284 | 202 219 283 2838
yAM = -15.1  -20.7 -21.0 -16.3 | -14.9 -20.3 -20.7 -16.1
Vo 229 262 204 215 | 234 266 20.7 21.8
FRHBS 1.148 1.175 1.130 1.132 | 1.151 1.178 1.131 1.133
EIOPA measure | 0.217 0.249 0.192 0.203 | 0.221 0.254 0.194 0.205
Required level 0.175 0.175 0.175 0.175 | 0.175 0.175 0.175 0.175
Dynamic measure | 0.254 0.299 0.223 0.225 [ 0.258 0.303 0.225 0.227
Required level 0.170 0.171 0.170 0.170 | 0.170 0.170 0.170 0.170

Table 45: Effect of additional funding on the options on the holistic balance sheet and on the two
solvency tests, for Policy 5 up to Policy 8 in an open fund

It can be seen in Table 46 that the magnitude of the contributions that are paid depend
on the investment portfolio, as the contributions are higher for the 100% stocks case, while
they are lower for the 100% bonds case, with respect to the benchmark. The reason for this
result lies in the definition of the cost covering contribution which is defined in (7). It can
be seen that the cost covering contribution depends on the solvency capital requirement S,
explained in Appendix A. Since stock returns are more volatile than bond returns, a higher
solvency capital requirement is needed for the 100% stocks case, which results in a higher
value of the contributions CON.

Furthermore, it can be seen that due to an open fund, the values of the different options in-
crease in absolute value. First of all, the sponsor support increases for each investment port-
folio by the same absolute amount, as the recovery premium consists of the same percentage
points for each portfolio. On the other hand, the increase in the adjustment mechanism in
absolute value is more significant for the 100% stocks case than the 100% bonds case. The
reason for this effect is that stock returns are more volatile, which results in more indexation
given in the good scenarios, while more negative indexation is given in the bad scenarios.

It also can be seen that the value of the residue option increases more significantly for the
100% stocks case with respect to the closed form, than for the 100% bonds case. However,
these significant differences are not so much reflected in the holistic funding ratio, as due to a
larger value of the total assets and liabilities in the open fund, the magnitude of the residue
option will not be reflected in the holistic funding ratio.

Concentrating on the generational effects in Table 47, it can be seen that the total effects
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50% Stocks/ ]
50% Bonds 100% Stocks | 100% Bonds
Policy Tc 70 7o 70 Tc 7o
AHBS 118.6 167.2 [ 119.1 126.8 | 173.3 161.5
A 117.5 117.5 | 117.5 117.5 | 117.5 1175
CON 48.3 54.0 43.2
Vs 1.1 1.3 1.6 1.8 0.5 0.7
LHBS 105.6 148.0 | 98.5 141.5 | 111.6 161.5
Lo 100.0 100.0 | 100.0 100.0 | 100.0 100.0
NAB 41.2 41.2 41.2
yAM+ 21.9 279 | 30.8 40.7 | 16,7 19.7
VM= -16.3  -21.0 | -32.3 -404 | -5.1  -8.2
Vo 134 204 | 21.8 34.1 6.4 9.6
FRHBS 1.123 1.130 | 1.208 1.224 | 1.057 1.058
EIOPA measure 0.130 0.192 [ 0.205 0.318 | 0.064 0.088
Required level 0.175 0.175 | 0.312 0.312 | 0.051 0.051
X X
Dynamic measure | 0.252 0.223 | 0.447 0.391 | 0.112 0.101
Required level 0.157 0.170 | 0.290 0.306 | 0.034 0.048

Table 46: Effect of changing the investment portfolio on the options on the holistic balance sheet
and on the two solvency tests, for Policy 7 in a closed and open fund

. Cohort | U EC AM4 anm— | Total
Policy 7o aroup CON Vs NAB 'V Vs offect
New -8.2 -0.2 5.0 0.4 -0.5 -3.5
Young -23.3 -0.6 18.0 5.1 -5.2 -6.1
283 ]S;OCE?/ Middle | -168  -04 181 164  -11.7 | 56
PRl oa | 5.9 3.6 | 23
Change in residue (AR) | 2.9
New -9.1 -0.3 5.0 0.7 -0.9 -4.6
Young -26.1 -0.9 18.0 7.7 -9.2 -104
100% Stocks | Middle -18.8 -0.6 18.1 24.0 -22.5 0.2
oa | 83 18 | 06
Change in residue (AR) | 16.6
New -7.3 -0.1 5.0 0.2 -0.3 -2.4
Young -20.9 -0.4 18.0 3.3 -2.3 -2.2
100% Bonds | Middle -15.0 -0.2 18.1 11.6 -4.5 10.0
od | 45  -1.2 | 33
| Change in residue (AR) | -7.9

Table 47: Generational effects of changing the investment portfolio, for Policy 7 in an open fund
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that can be separated among the different cohort groups are the lowest for the 100% stocks
case, while these are the highest for the 100% bonds case. Therefore, in these effects the well
known fact that young generations should invest aggressively, while old generations should
invest conservatively are not represented. However, it can be seen that the change in the
residue for the 100% bonds case is negative, which indicates that a negative value transfer
to the younger and future participants is present. On the other hand, a positive change in
the residue is presented in Table 47 for the aggressive portfolio, which indicates that younger
and future participants will profit from this fact, where their pension result will increase and
their contribution level will decrease.

Hence, a more conservative portfolio results in a higher wealth level for older participants,
as older participants cannot recover from low investment returns, while a more aggressive
portfolio results in a higher wealth level for younger participants, due to the prospect of
higher investment returns.

Finally, it can be seen in Table 46 that in the open fund the 100% stocks case will be
solvent according to the EIOPA solvency measure, while it was not solvent in the closed fund
framework. A great influence on this result is the fact that the contributions the participants
pay are taken into account in the open fund, where the contributions are significantly higher
than the new accrued benefits in the aggressive portfolio case.

The dynamic solvency measure displays the same outcomes in both the closed fund and the
open fund framework.

5.5.3 Degree of maturity

In this section, the degree of maturity of the fund is adjusted, where next to the Dutch
fund, two additional funds are considered, namely the green and the gray fund. An extensive
explanation of these funds is given in Appendix C. The results of the closed fund framework
and the open fund framework are shown in Table 48. Again, note that the values in the
table are all normalized to the value of the liabilities of the specific fund, while in reality the
liabilities of the green fund are much lower, namely equal to 62.2 in terms of the liabilities of
the Dutch fund, and the liabilities of the gray fund are much higher, namely equal to 140.9
in terms of the liabilities of the Dutch fund.

In Table 48 it can be seen that the values of the contributions paid CON and of the new

benefits accrued N AB are much higher for the green fund than for the gray fund. The reason
for this fact is that the elderly dependency ratio is much lower in the green fund, i.e. more
workers with respect to retirees are present in the green fund. On top of that, the duration
of the liabilities is higher for the green fund, such that the solvency capital requirement is
higher, which increases the cost covering contribution given in (7) and thus increases CON.
Furthermore, it can be seen in Table 48 that the values of the options increase in absolute
value changing from the closed fund framework to the open fund framework. The value of
the sponsor support increases more in value for the green fund than for the gray fund. The
reason for this result is that there are more working participants in the green fund with
respect to retirees, such that more participants are paying the same percentage points of
recovery premium.
Additionally, it can be seen that both the positive and the negative adjustment mechanism
increase much more in the green fund than in the gray fund. This effect is a consequence
of the fact that the liabilities increase in the green fund due to more new accrued benefits,
while the liabilities decrease in the gray fund due to lower survival probabilities. Therefore,
the indexation given over these liabilities has a larger effect for the green fund.

The generational effects are shown in Table 49. It can be seen that the total effects of
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Dutch fund Green fund Gray fund
Policy Tc To Tc 7o Tc 70
ATBS 118.6 167.2 [ 119.1 187.0 [ 1184 1585
Ag 117.5 1175 | 117.5 117.5 | 117.5 117.5
CON 48.3 67.5 39.9
Vors 1.1 1.3 1.6 2.0 0.9 1.1
LHBS 105.6 148.0 | 104.9 163.7 | 105.9 141.1
Lo 100.0 100.0 | 100.0 100.0 | 100.0 100.0
NAB 41.2 57.1 34.1
YAM+ 21.9 279 | 236 320 | 212 26.1
VM- -16.3  -21.0 | -18.7 -254 | -15.2 -19.1
Vo 134 204 | 146 248 | 129 185
FRHBS 1123 1.130 | 1.135 1.142 | 1.118 1.124
EIOPA measure | 0.130 0.192 [ 0.142 0.232 [ 0.125 0.174
Required level 0.175 0.175 | 0.183 0.183 | 0.171 0.171
X X x
Dynamic measure | 0.252 0.223 | 0.242 0.216 | 0.258 0.228
Required level 0.157 0.170 | 0.160 0.177 | 0.155 0.166

Table 48: Effect of changing the pension fund on the options on the holistic balance sheet and on
the two solvency tests, for Policy 7 in a closed and open fund

Policy 7o (;‘;ilggt —~CON —VEC NAB VMt yAM- gf?gjtl
New -8.2 -0.2 5.0 0.4 -0.5 -3.5
Young -23.3 -0.6 18.0 5.1 -5.2 -6.1
Dutch fund | Middle -16.8 -0.4 18.1 16.4 -11.7 5.6
Old 5.9 -3.6 2.3
' |~ Changein residue (AR) | 2.9
New -14.3 -0.4 9.0 0.7 -1.0 -5.9
Young -34.0 -1.0 26.8 7.5 -7.8 -8.4
Green fund | Middle -19.2 -0.5 21.3 18.8 -13.6 6.7
Old 4.9 -3.1 1.9
| Changein residue (AR) | 7.3
New -5.9 -0.2 3.3 0.3 -0.3 -2.4
Young -18.6 -0.5 14.1 4.0 -4.1 -5.0
Gray fund Middle -15.8 -0.4 16.7 15.4 -10.9 5.0
Old 6.4 -3.9 2.5
' |~ Changein residue (AR) | 1.1

Table 49: Generational effects of changing the pension fund, for Policy 7 in an open fund
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the new, young, and old cohort group decrease in the green fund with respect to the Dutch
fund, while the total effect of the middle cohort group increases. The consequence is that
the change in the residue increases significantly, i.e. there is a positive value transfer to the
younger generations.

The opposite effect is displayed for the gray fund, where the total effect for the middle co-
hort group decreases, while the total effect for the remaining groups increases. The result is
that the change in residue decreases, i.e. there is less positive value transfer to the younger
generations.

Hence, the gray fund is more beneficial for the older generations, while the green fund is
more beneficial for the younger generations.

In Table 48, it can be seen that all the funds are solvent according to both measures in
the open fund framework, while the funds were insolvent according to the EIOPA solvency
measure in the closed fund framework. The reason for this change in result is that due to
the open fund framework the duration of the liabilities remains approximately constant over
time, such that the required level remains approximately constant. It can be seen that the
required levels of both measures differ less than in the closed fund framework.

5.5.4 Initial funding position

The initial funding position is adjusted in this section, where two extreme initial funding
ratios are chosen, one extremely low funding ratio equal to 80 percent and one extremely
high funding ratio equal to 150 percent. In Table 50 the results are shown for the closed fund
and open fund framework for Policy 7.

It can be seen that the different options increase in absolute value due to changing to an

open fund framework, where those changes are for each initial funding position approximately
the same. Therefore the same effects apply to the changes in option values as explained in
Section 4.4.4.
Another interesting result that can be seen in Table 50 is that even though the residue option
increases in value in the extremely high funding position, the holistic funding ratio decreases
comparing the open fund to the closed fund. Therefore, the value of the residue option is not
reflected in the holistic funding ratio, as the total assets A”5S and total liabilities L 59 are
much higher in the open fund framework.

In Table 51 the generational effects of changing the initial funding position are presented.
It can be seen that the lowest effects for the disjoint cohort groups are displayed in the ex-
tremely low initial funding position, due to the high recovery premium that has to be paid
and due to the fact that the benefits will be cut extensively. On the other hand, the total
effects of the extremely high initial funding position are the highest, due to the fact that
there will be given a lot of indexation to the participants.

However, it also can be seen that the change in residue is extremely positive in the initial
funding ratio of 80 percent, while it is extremely negative in the initial funding ratio of 150
percent, due to the fact that the policy brings the funding ratio back to a less extreme value.
The consequence of these results is that a significant value transfer occurs from the older
generations to the younger generations.

First of all, in the extremely low funding position, the older participants lose a lot of wealth
due to the extensive cuts, while the younger participants benefit from this fact, as in partic-
ular the older participants make sure that the funding ratio will be brought back to a higher
funding position.

Secondly, in the extremely high funding position, the older participants share in the surplus
a lot, due to a higher indexation level on their benefits, while the younger participants will
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FRy=FR™ | FRy=80% | FRy= 150%

Policy Tc To Tc 7o Tc 7o
AHBS 118.6 167.2 | 82.7 131.3 | 150.6 199.1
Ay 117.5 1175 | 80.0  80.0 | 150.0 150.0
CON 48.3 48.4 48.3
VgPs 1.1 1.3 2.7 2.9 0.6 0.8
LHBS 105.6  148.0 | 76.5 119.5 | 128.8 170.9
Lo 100.0 100.0 | 100.0 100.0 | 100.0 100.0
NAB 41.2 41.2 41.2
VOAM+ 21.9 27.9 10.0 16.3 | 38.8 443
VAM= -16.3  -21.0 | -33.5  -37.9 | -10.0 -14.6
Vo 134 204 | 64 129 | 223 295
FRHBS 1.123  1.130 | 1.080 1.098 | 1.169 1.165
EIOPA measure 0.130 0.192 | 0.061 0.117 | 0.218 0.282
Required level 0.175 0.175 | 0.175 0.175 | 0.175 0.175

b 4 b 4 b 4

Dynamic measure | 0.252 0.223 | 0.177 0.173 | 0.327 0.276
Required level 0.157 0.170 | 0.157 0.173 | 0.157 0.169

Table 50: Effect of changing the initial funding position on the options on the holistic balance sheet
and on the two solvency tests, for Policy 7 in a closed and open fund

Policy To (;‘;233 _CON —VFC NAB VAM+ yAM- eTf‘f’gjtl
New | 82 02 50 04 05 | 35
Young | -233 06 180 51 52 | -6.1
FRy = FR™ | Middle | -168  -04 181 164  -11.7 | 5.6
old 59 36 | 23
' | Changeinresidue (AR) | 2.9
New | 82 03 50 04 06 | 37
Young | -233  -14 180 34 74 | -108
FR,—80% | Middle | -168  -1.2 181 9.6  -20.7 | -10.9
Old 2.9 -9.2 -6.4
|~ Change in residue (AR) | 32.9
New | 82 02 50 05 05 | 33
Young -23.3 -0.4 18.0 7.6 -4.0 -2.1
FRy = 150% Middle -16.8 -0.2 18.1 26.0 -8.1 19.0
old 102 20 | 82
' |~ Change in residue (AR) | -20.5

Table 51: Generational effects of changing the initial funding position, for Policy 7 in an open fund
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not benefit from the high funding position.
Therefore, the initial low funding ratio is worse for the older generations, while an initial
high funding ratio is very good news for the older generations.

In Table 50 it can be seen that the case where the initial funding position is extremely
low results in the fact that Policy 7 is insolvent according to the EIOPA measure, while the
dynamic solvency constraint will just meet the required level. Here you might conclude that
the dynamic solvency measure does not provide a justified result, as an extremely high value
transfer occurs in Policy 7. However, trustees construct policies of a pension fund in order
to treat the interests of all different stakeholders equally, where these decisions are based on
less extreme events.

5.5.5 Horizon

In this section, the horizon considered is adjusted, where it is first extended to 25 years and
secondly to 35 years. The results are presented in Table 52 for the benchmark case and the
two additional cases where the horizon considered is adjusted, for both the closed fund and
open fund framework.

First thing that can be seen is that the value of the new accrued benefits NAB increases

T=15 T=25 T =35

POliCy 7C 70 7C’ 70 70 70
AHBS 118.6 167.2 | 119.1 201.2 | 1194 235.3
Ag 1175 1175 | 117.5 1175 | 1175 117.5
CON 48.3 81.4 114.4

VePs 1.1 1.3 1.6 2.3 1.9 3.3
LHBS 105.6 148.0 | 112.0 184.8 | 115.8 220.3
Ly 100.0 100.0 | 100.0 100.0 | 100.0 100.0
NAB 41.2 69.4 97.7
VOAM+ 21.9 27.9 33.0 49.5 38.8 69.7
VOAM_ -16.3  -21.0 | -21.0 -34.1 | -23.0 -47.2
Vo 134 204 | 75 179 | 3.8 165
FRHBS 1.123 1.130 | 1.064 1.089 | 1.031 1.068
EIOPA measure 0.130 0.192 | 0.072 0.164 | 0.035 0.150
Required level 0.175 0.175 | 0.175 0.175 | 0.175 0.175

b 4 X b 4 b 4 X
Dynamic measure | 0.252 0.223 | 0.253 0.204 | 0.292 0.193
Required level 0.157 0.170 | 0.149 0.168 | 0.143 0.168

Table 52: Effect of changing the horizon on the options on the holistic balance sheet and on the
two solvency tests, for Policy 7 in a closed and open fund

significantly in case the horizon is extended. The reason for this consequence is that the
participants will accrue additional benefits in the years after the benchmark horizon of 15

years. Due to the increase in the new accrued benefits, also the value of the contributions
CON increases, as CON = (14 S) - NAB.
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The effect of a longer horizon can also be seen in the value of the options; the values of the
options increase in absolute value more significantly for a longer horizon comparing the closed
fund with the open fund. The reason that the value of the sponsor support is significantly
higher for T' = 35 comparing the open fund framework with the closed one, than the value
of the sponsor support for T'= 15 is that in the closed fund no new participants will enter,
which results in the fact that the sponsor support does not increase much in value in the
closed fund for a longer horizon. On the other hand, due to new entering participants in
the open fund framework, the sponsor support increases in magnitude in the open fund for
longer horizons.

The same reason applies to the larger increase in absolute value by considering a longer
horizon for the adjustment mechanism; as new participants are entering in the open fund
framework, the longer the horizon will be, the higher the value of indexation given over the
accrued benefits is.

Policy 7o C;?gsgt —~CON -VFC NAB yAMt yAM- eTf?;jtl
New 82 02 50 04 05 | 35
Young | -23.3 0.6 180 5.1 52 | 6.1
T=15 | Middle | -168  -04 181 164  -11.7 | 5.6
old 5.9 36 | 23
' |~ Changeinresidue (AR) | 2.9
New | 244 07 162 2.2 25 | 92
Young | -388  -1.1 334 135  -11.0 | -4.0
T=25 | Middle | -182  -05 198 269  -16.6 | 11.4
old 7.0 40 | 29
' | Changein residue (AR) | 0.4
New | 492  -15 353 69 73 | 158
Young | -47.1  -1.4 426 243  -17.3 | 1.2
T=35 | Middle | -182  -05 198 315  -186 | 14.1
old 7.1 41 | 3.0
' | Changein residue (AR) | -1.0

Table 53: Generational effects of changing the horizon, for Policy 7 in an open fund

In Table 53 the generational effects of extending the horizon are shown. It can be seen
that the total effect for the new cohort group increases in absolute value as the horizon is
extended. The reason for this effect is that the new cohort group is still paying contributions
after 35 years, while no participant within the new cohort group is receiving benefits yet.
Furthermore, it can be seen that the total effect of the young cohort group will increase
as the horizon considered is prolonged. The reason for this effect is that their benefits are
increased, due to the fact that they have accrued more benefits and due to the fact that these
accrued benefits will be paid out for some participants in the young cohort group, while they
will be paid out soon in the future for the other participants within the young cohort group.
Therefore the total effect will already be positive for T' = 35.

For the middle cohort group, it can be seen that the value of the contributions CON and
the new accrued benefits NAB will not change going from T = 25 to T' = 35, as all the
participants within this group will be retired from 7" = 20 on. Furthermore, it can be seen
that the total effect for the middle cohort group increases as the horizon is extended, due
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to the fact that these cohorts will not pay contributions anymore after T = 20, where they
start receiving pension payments.

The effect for the old cohort group will not change much going from 7" = 25 to T' = 35, as
after T' = 25 the only participants left in this cohort group are aged 90 or older. Still, the
effect will increase as the horizon is extended, due to the fact that the increase in value of
the positive adjustment mechanism is larger than the negative adjustment mechanism.
Concentrating on the change in the residue, it can be seen that the change in the residue
starts at a positive value in the benchmark case, while it becomes negative in the T' = 35
case. This effect indicates that first a positive value transfer to the younger generations is
present, as the change in residue is positive, while after 35 years a positive value transfer
to the older generations occurs, as the change in residue is negative. It actually turns out
that after 45 years the change in residue increases to -0.52, where it increases further to
-0.48 after 55 years. These results indicate that Policy 7 is a policy where the value transfers
among generations will be balanced approximately over time, such that the interests of all
participants are treated approximately equally.

Concentrating on the solvency measures in Table 52, it can be seen that the EIOPA mea-
sure rejects Policy 7 in case a longer horizon will be considered, while the dynamic measure
considers Policy 7 to be solvent over all the three different horizons considered. The reason
that the EIOPA measure still considers Policy 7 to be insolvent in the open fund framework
is that the required level is still too high due to the fact that the EIOPA measure does not
yet take into account the hedging behavior of options.

5.5.6 Order of policy instruments

In Section 4.4.6 two additional orders of the different policy instruments are introduced in
Table 35. Both these orders are considered in the analysis of this section and are presented
in Table 54.

First of all, as explained before, all the option values increase in absolute value if an open
fund is considered instead of a closed fund. It can be seen in Table 54 that the increase in
the employee contribution option is approximately the same for every order. The reasoning
is the same as before; the recovery premium consists for each order of the same percentage
point, where the amount of working participants is the same.

The increase in value of the indexation option is also approximately the same, as shown
before, it does not really matter if the conditional indexation instrument is used as first
instrument or as last instrument, as this is the only instrument that is used by the pension
fund between the funding ratio boundaries of 100 percent and 130 percent.

The catch up indexation option increases more in absolute value for order 2 than for order 1,
since the catch up indexation instrument will be used more in order 2 than in order 1 as this
instrument is used earlier in the policy instrument line as can be seen in Table 35. Due to
considering an open fund, the effect that can be seen in the value of the catch up indexation
option is largest for order 2.

The same result can be seen for the surplus sharing option, as this policy instrument is used
second in order 1, fourth in order 2, and sixth in the initial order. Therefore, the effect that
can be seen in this option value by changing from an closed to an open fund, is the largest
for order 1 and the smallest for the initial order.

As the sustainability cut is used at the fifth place in order 1, instead of a higher place in the
other two orders, the effect of changing from a closed fund to an open fund is smallest for
order 1.

Finally, the recovery plan is used earlier in order 1 than in the other two orders, therefore
the effect of changing from a closed to an open fund is largest for order 1.

86



Initial order Order 1 Order 2
Policy Tc 7o Tc [fo) Tc 70
Employer contribution option (VF¢) [ 1.12  1.33 1.33 1.57 | 112 1.34
Adjustment mechanism (VM) 563 682 | 643  7.86 | 7.74  7.02
Indexation option 14.31 18.00 | 14.39 18.05 | 14.30 17.98
Catch up indexation option 2.28 3.75 2.43 3.98 2.47 4.05
Surplus sharing option 5.30 6.11 5.79 6.76 5.29 6.10
Sustainability cut option -6.52  -8.79 | -1.21 -1.77 | -6.54  -8.82
Recovery plan option -9.74  -12.24 | -14.96 -19.16 | -9.78 -12.28
Residue option (V{9) 13.39 2043 | 12.81 19.63 | 13.28 20.24
Surplus option 14.03 21.71 | 13.49 20.99 | 13.93 21.54
Deficit option -0.64 -1.28 | -0.69 -1.36 | -0.65 -1.30
AHBS 118.6 167.2 | 1188 167.4 | 118.6 167.2
[ HBS 105.6  148.0 106.4  149.0 | 105.7 148.2
FRHBS 1.123  1.130 | 1.117 1.123 | 1.122 1.128
EIOPA measure 0.130 0.192 | 0.124 0.184 | 0.129 0.190
Required level 0.175 0.175 | 0.175 0.175 | 0.175 0.175
X b 4 b 4
Dynamic measure 0.252 0.223 | 0.239 0.213 | 0.250 0.221
Required level 0.157 0.170 | 0.157 0.170 | 0.157 0.170

Table 54: Effect of changing the order of the policy instruments on the options on the holistic
balance sheet and on the two solvency tests, for Policy 7 in a closed and open fund

Concentrating on the generational effects shown in Table 55 it can be seen that the young,
middle, and old cohort group are better off in both order 1 and order 2 with respect to the
initial order, while the new cohort group will not be better off in order 1 and is slightly better
off in order 2.

In the closed fund framework shown in Section 4.4.6 in Table 37 it was shown that the young
cohort group would be worse off in order 1, while in the open fund framework, the more
realistic case, the young cohort group is better off. The reason for this change in effect is
that the new cohort group will help in paying recovery premium, such that the risks are
shared among more participants.

Furthermore, the residue change is highest for the initial order, as in this order the separated
effects for the different cohort groups are lower, and in total it should represent a zero sum
game. Therefore, it can be concluded that the initial order will be better for the younger
cohorts, while order 1 results in more wealth for the older cohorts.

In Table 54 it can be seen that all investigated orders are solvent in the open fund framework
according to both solvency measures. The reason that the EIOPA measure does provide a
different result intuitively is that the duration of the liabilities remains approximately con-
stant over time, such that the required level explained in Appendix A remains approximately
constant over time. However, still this required level is too high, as the EIOPA solvency
measure does not yet take into account the hedging aspect of the embedded options.
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. Cohort EC AM+ AM—
Policy 70 aroup —CON -V NAB 'V Vs offoct

New -8.20 -0.24 5.05 0.41 -0.53 | -3.51
Young | -23.34 -0.64 18.01 5.06 -5.18 | -6.09
Initial order | Middle | -16.80 -0.45 18.11  16.45 -11.69 | 5.61

Old 5.94 -3.63 2.30
| Change in residue (AR) | 2.9

New -8.20 -0.29 5.05 0.42 -0.53 | -3.55

Young | -23.34 -0.76  18.01 5.22 -5.16 | -6.03

Order 1 Middle | -16.80 -0.52 1811 17.00 -11.64 | 6.14

Old 6.15 -3.60 2.55

Change in residue (AR) | 2.1

New -8.20 -0.24 5.05 0.41 -0.53 | -3.51
Young | -23.34 -0.65  18.01 5.12 -5.20 | -6.06
Order 2 Middle | -16.80 -0.45 1811 16.60 -11.74 | 5.72
Old 5.99 -3.64 2.35

Change in residue (AR) | 2.7

Table 55: Generational effects of changing the order of the policy instruments, for Policy 7 in an
open fund

5.5.7 Policy ladders

As introduced in Section 4.4.7 two additional changed policy ladders are considered, which
are both displayed in Figure 3 of which the results are shown in Table 56. It can be seen that
the sponsor support increases more significantly in ladder 2 than in the other two ladders,
comparing the open fund with the closed fund. The reason for this fact is that in ladder 2
the recovery premium is increased to three and six percentage points, while it is decreased
in ladder 1 to one and two percentage points.

The positive adjustment mechanism does increase more significantly for ladder 1, comparing
the open fund with the closed fund, as in ladder 1 positive indexation will be given at a lower
funding ratio level than the other two ladders. Therefore the positive adjustment mechanism
increases the least for ladder 2, as in this ladder positive indexation will be given at higher
funding ratio levels than the initial ladder.

The generational effects of changing the policy ladders are shown in Table 57. It can
be seen that all effects that can be divided among the different cohort groups are higher for
ladder 1, while these effects are lower for ladder 2. As explained in Section 4.4.7 this effect
is due to the fact that participants pay less recovery premium and receive more indexation
in ladder 1 than in ladder 2.

Furthermore, it can be seen that the change in residue for ladder 1 is almost equal to zero,
which indicates that not much value transfer is present between different generations. On
the other hand, the change in residue increases significantly for ladder 2, which indicates that
the younger generations will benefit from ladder 2.

In total, it can be concluded that the older participants will be better off in ladder 1, while
the younger participants will be better off in ladder 2. Furthermore, the least value trans-
fer occurs in ladder 1, which indicates that this policy ladder is better from a generational
perspective. These examples indicate that the holistic balance sheet can easily be used as a
tool for policy development.
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Initial ladder Ladder 1 Ladder 2
Policy Tc To Tc 7o Tc 70
AHEBS 118.6 167.2 [ 118.0 166.4 | 119.0 167.6
Ay 117.5 1175 | 117.5 117.5 | 117.5 117.5
CON 48.3 48.3 48.3
Vors 1.1 1.3 0.5 0.6 1.5 1.8
LHBS 105.6 148.0 | 107.5 150.8 | 102.9 144.2
Lo 100.0  100.0 | 100.0 100.0 | 100.0  100.0
NAB 41.2 41.2 41.2
YAM+ 21.9 279 | 252 324 | 185 234
VM= -16.3  -21.0 | -17.7  -22.8 | -15.6 -20.4
Vo 134 204 | 109 169 | 165 247
FRHBS 1.123 1.130 | 1.098 1.104 | 1.156 1.162
EIOPA measure | 0.130 0.192 [ 0.105 0.156 | 0.161 0.234
Required level 0.175 0.175 | 0.175 0.175 | 0.175 0.175
X X X X
Dynamic measure | 0.252 0.223 | 0.201 0.181 | 0.319 0.277
Required level 0.157 0.170 | 0.157 0.170 | 0.157 0.171

Table 56: Effect of changing the policy ladders on the options on the holistic balance sheet and on
the two solvency tests, for Policy 7 in a closed and open fund

Policy 7o (;Cr’ilggt “CON  —VEC NAB yv oy | o
New | 82 02 50 04 05 | 35
Yomg | 233  -06 180 51 52 | -6.1
Initial ladder | Middle | -16.8  -0.4 181 164  -1L7 | 5.6
Old 59  -36 | 23
' |~ Changeinresidue (AR) | 2.9
New | 82 01 50 05  -06 | 34
Young -23.3 -0.3 18.0 5.9 -5.6 -5.3
Ladder 1 | Middle | -168  -02 181 101  -12.7 | 7.5
Old 70 -39 | 31
' | Change in residue (AR) | -0.6
New | 82 03 50 04  -05 | 36
Yomg | 233  -09 180 43 50 | -6.9
Ladder 2 Middle -16.8 -0.6 18.1 13.9 -11.3 3.3
Old 49 36 | 13
' |~ Changeinresidue (AR) | 7.2

Table 57: Generational effects of changing the policy ladders, for Policy 7 in an open fund
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In Table 56 it can be seen that ladder 1 will not be considered solvent according to the
EIOPA solvency measure in the open fund, while the other ladders will be solvent for both
the EIOPA measure and the dynamic measure in the open fund. Here it can be seen that the
EIOPA solvency measure does not give a result consistent with a generational perspective,
as in ladder 1 the least value transfer occurs between different generations.

5.5.8 Scenario set

In this section, a whole other aspect is varied, namely the scenario set. The scenario set that
is considered throughout this whole thesis is a set constructed by the risk model introduced
in Section 2.2.3. In this risk model, the initial values are chosen in line with a certain time
point in the financial market. The scenario set used in this thesis starts at values repre-
sentative for Q4 2011, which is a point in time after the crisis. Now, another scenario set
is considered, where the initial values are representative for Q4 2007, which is a point in
time before the crisis and represents thus a less extreme market structure. The results are
displayed in Table 58. The term structure in the scenario set Q4 2011 is much lower than the

Q4 2011 Q4 2007

Policy Tc (o) Tc 70
AHBS 118.6 167.2 | 118.9 156.7
A 117.5 1175 | 117.5 117.5
CON 48.3 37.6
VP 1.1 1.3 1.4 1.6
LHBS 105.6 148.0 | 110.0 144.3
Lo 100.0 100.0 | 100.0  100.0
NAB 41.2 31.2
yAM+ 21.9 279 | 253 320
VM -16.3  -21.0 | -15.3 -18.8
Vo 134 204 | 89 135
FRHBS 1.123 1.130 | 1.081 1.085
EIOPA measure | 0.130 0.192 | 0.089 0.123
Required level 0.175 0.175 | 0.205 0.205

X X X
Dynamic measure | 0.252 0.223 | 0.194 0.181
Required level 0.157 0.170 | 0.182 0.200

X

Table 58: Effect of changing the scenario set on the options on the holistic balance sheet and on
the two solvency tests, for Policy 7 in a closed and open fund

term structure for Q4 2007. Hence, the value of the liabilities is much lower for the second
scenario set Q4 2007. Note that all values presented in Table 58 are given in terms of the
liabilities for each specific scenario set. The value of the liabilities for scenario set Q4 2007
is actually equal to 72.1 in terms of the liabilities of scenario set Q4 2011.

Due to lower liabilities and higher investment returns throughout the horizon considered for
scenario set Q4 2007, more positive indexation can be given, which results in a higher value
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of the positive adjustment mechanism. As the investment returns are higher for scenario set
Q4 2007, the benefits do not have to be cut as much as for scenario set Q4 2011, which results
in a lower absolute value of the negative adjustment mechanism. The steering instrument
recovery premium will be used more in case of scenario set Q4 2007, which results in a higher
value of the sponsor support.

The value of the residue option is much lower for the scenario set Q4 2007, since the risk free
rate in this set is much higher, where the risk free rate did drop due to the financial crisis.

. Cohort EC AM am— | Total
Policy 7o eroup —CON —Vj NAB VMt vy offect
New -8.2 -0.2 5.0 0.4 -0.5 -3.5
Young -23.3 -0.6 18.0 5.1 -5.2 -6.1
Q4 2011 | Middle | -16.8 -0.4 18.1 16.4 -11.7 5.6
Old 5.9 -3.6 2.3
| Changein residue (AR) | 2.9
New -6.2 -0.3 24 0.3 -0.3 -4.0
Young -18.1 -0.8 12.0 4.6 -3.5 -5.9
Q4 2007 | Middle | -13.2 -0.5 16.8 19.2 -11.0 11.1
Old 8.0 -4.0 4.0
| Changein residue (AR) | -3.9

Table 59: Generational effects of changing the scenario set, for Policy 7 in an open fund

The generational effects for the open fund framework are displayed in Table 59. It can
be seen that due to a different scenario set, a significant change is present. First of all, the
middle cohort group benefits enormously from changing to the 2007 scenario set, which is
due to the fact that the contributions these cohorts have to pay decrease in value, while the
positive adjustment mechanism increases in value. Furthermore, the total effect of the old
cohort group increases, due to a higher value of the adjustment mechanism.

These effects are at the expense of the younger cohorts, where both the total effects of the
new and the young cohort group decrease, while on top of that the change in residue becomes
negative.

The generational effects by changing the scenario set are significant, since the inflation rate
increases in the scenario set of 2007, while the policy ladders do not depend on the inflation
rate and are not adjusted in the example given in Table 59. For instance, a policy ladder can
depend on the nominal funding ratio as is the case in this thesis, however, it can also depend
on the ratio of the real funding ratio and the nominal funding ratio, such that the expected
inflation rate is implemented in the policy ladder.

In Table 58 it can be seen that the required level of both solvency measures increases. The
reason for this result is that due to a higher term structure, the interest rate shocks that
might occur are higher, as the reduction factors introduced in Appendix A remain the same.
It also can be seen that changing the initial values of the scenario set has a significant impact
on the solvency tests, in particular only the dynamic measure for the closed fund framework
considers Policy 7 to be solvent for the 2007 scenario set.

However, high interest rates and investment returns are mostly considered as good news for
pension funds, since the value of the liabilities decreases while the assets increase in value.
As can be seen in Table 58 the opposite effect occurs; the required levels increase, while the
solvency measures decrease in value with respect to the scenario set of Q4 2011, with the
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consequence that fewer solvency constraints are met.

The reason for this consequence is that due to higher asset values and lower liabilities, the
pension fund can provide the participants with more indexation, with the result that the
conditional liabilities significantly increase in value.

Since different initial parameters of the risk model results in different solvency test outcomes,
the scenario set that is used has a great influence on the solvency tests. Hence, trustees of
pension funds can easily manipulate the regulator by choosing an appropriate risk model
with a resulting scenario set in order to be able to meet the solvency requirement. Therefore,
we recommend EIOPA to advice the European Commission to impose a risk model for all
IORP pension funds, such that each fund can generate scenarios that can be implemented in
their ALM model.
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6 Conclusions and recommendations

EIOPA proposes the holistic balance sheet to make the different IORP pension systems across
Europe more comparable. We have evaluated this method, where all policy instruments are
valued as embedded options on the balance sheet. We criticize the approach proposed by
EIOPA for several reasons.

First of all, EIOPA proposes to fictitiously close the pension fund at time zero. By fictitiously
closing the fund, the holistic balance sheet does not provide the trustees of a pension fund the
actual financial position of the fund in line with reality, which was the reason of introducing
the holistic balance sheet in the first place.

Hence, instead of closing the fund fictitiously at time zero, the fund should remain open for
new participants, in order to provide a financial position of the pension fund more in line
with reality. In this case, the holistic balance sheet can be used as a continuity analysis,
where the holistic funding ratio should be larger than 100 percent in order to be sustainable
over the horizon considered. Hence, the holistic balance sheet can also be used as a tool for
policy development.

However, this level of 100 percent does not give insights into the quality of the fund, only
into the solvency of a fund, while the traditional funding ratio provides both insights into
the quality and the solvency of a fund. Therefore, next to the holistic balance sheet, a gen-
erational study should be done, which gives insights into the generational effects that occur
for alternative policies. Note that a generational study in the closed fund framework is not
representative for reality, as the residue is not divided among all cohorts within the fund.

Secondly, EIOPA proposes a solvency measure, which might be interpreted as a threat for
Dutch pension funds, since the required level is too high for two reasons. The first reason is
that EIOPA does not take into account the fact that the embedded options on the holistic
balance sheet already perform as a buffer. The second reason is that EIOPA does not include
the aspect of fictitiously closing the fund in determining the required level.

In this thesis, an alternative solvency measure is introduced named the dynamic solvency
measure. This measure does take into account the aspect of fictitiously closing the fund at
time zero and can also easily be used within the open fund framework. It turns out that the
dynamic measure does consider policies to be solvent which have the least value transfers be-
tween disjoint cohorts, while the EIOPA measure does consider those policies to be insolvent.

The third reason we criticize the approach proposed by EIOPA is that the holistic balance
sheet is significantly dependent on the risk model chosen, such that trustees of a pension fund
can use an appropriate risk model in order to meet the requirements set by the regulator.
Therefore, we propose to impose a risk model for all IORP pension funds, such that trustees
are not able to form a risk model optimally adjusted to their own funds.

Finally, the embedded options on the holistic balance sheet are valued in market valua-
tion terms only. In order for trustees to treat the interest of all different stakeholders in
an equal way, next to market valuation terms, the cash flows should also be translated into
utility terms. Here one should wonder how far the regulator should intervene to decide which
policy is in favor of the participants within the fund, since participants might not be pleased
with the imposed solvency capital requirement.
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Appendices

A Square root formula

To determine the required equity pension funds should hold in the FTK regulation, the so
called ’square root formula’ is used which takes into account several risk components:

S = \/S? + 5% +2pS1Ss + S + 53 + 52+ S, (20)

where S is the total required equity, S is the component for interest rate risk, Ss is the
component for market risk, S3 is the component for currency risk, Sy is the component for
commodity risk, S5 is the component for credit risk, Sg is the component for insurance tech-
nical risk, and p is the correlation coefficient between S; and S5 which is set equal to 0.5.

Interest rate risk affects both the assets and the liabilities of a pension fund. To determine
component S7 factors for each maturity are determined and regulated with which interest
rates decrease in case an interest rate shock occurs. These factors are set such that the prob-
ability of underfunding in case an interest rate shock occurs will be smaller than 2.5%. In
case one wants to calculate the required funding ratio with a different certainty level, these
factors should be adapted as follows, where it is assumed that changes in interest rates are
normally distributed with mean zero:

-1
fra = <fN,0.025 ) 2o+ 1,

20.025

where fyn o is the reduction factor such that the probability of underfunding is smaller than
a%, and z, is the inverse cumulative distribution function of the normal distribution.

Both the effect of interest rates on the assets and liabilities are dependent on their duration.
Usually, the duration is determined by a rule of thumb. Here it is assumed that there is a
single cash flow A at maturity N. Note that the duration of such a cash flow is approximately
equal to its maturity (i.e. D & N) and can be derived as

N
1+

However, with the ALM model, the actual duration of the liabilities at time ¢ for one scenario
s can be derived as follows:

99 s male s,male female s,female
s 21:25 Bt ’ (Popw,t ! DDJ,t + Popw,t : DD,wJ
Lt — )
) 99 5 1 s,male female s,female
520005 Bi - (Popizgle - DI 4 Popl " - Dy

x,t

where B} are the benefits for all cohorts at time ¢ in scenario s as explained in Section 2.2.5,
where D:/,”Tale is given in (6), and where

99—z
s,gender __ . gender (2)
Dpay = E : rimtPy_(i—t)t (1 + s
i=max(65—z,0)

)—(i-i-l)

As most pension funds try to match the duration of the assets with the duration of the
liabilities such that 2- D4 = Dy, it is assumed that the duration of the assets are half of the
duration of the liabilities.
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The effect of an interest rate shock on the assets and liabilities can be determined separately
as follows:

A A
AJV_<Hm@me—uﬂwwv_< 147 )N 1_( 1+7®) )D 1
- - N) - - T . (D) - 4

W 1+fN,a'T( 1+fD,a’T(D)

A
Ar ()N

where it is assumed that N = D. The reduction factors f are given for rounded maturities,
in case the duration is not a rounded number, interpolation is used.
This leads to a total effect caused by an interest rate shock of

AaWinterestrates,L AaWinterestrates,A
Sl = — Q- )
Winterestrates,L Winterestrates,A

which can be derived for several quantiles (a’s).

FTK regulation also states that the shock for investing completely in stocks is equal to

AO.O2P.')I/I/vsitocks

= 25%.
Wstock:s ’

Note that this shock is determined such that the probability of underfunding in the next
period is smaller than 2.5%, where a normal distribution is assumed. In case one wants
to determine a different certainty level, than one needs to assume that stock returns are
normally distributed with a mean of 8% (as stock returns are around 8% in reality). This
leads to:

o AozI/Vstocks

So
Wstocks

—-0.25 - 0.
:_(0,08+Za.()W5>

20.025

which is the total effect caused by a shock in stock returns and can also be derived for several
quantiles (a’s).

The total required equity can be determined with (20), where the percentage invested in
stocks and bonds can be adjusted, which causes the values of S; and S to change. The
required funding ratio is then equal to

FR™® =1+85.

B IORP valuation method

First the swap curve is lowered by 10 basis points (to adjust for credit risk).

Second, the ultimate forward rate method is used to stabilize the term structure in the long
run.

The one year forward rate is determined with the swap curve:

do
(1 +r§52))
filtasta) =~ 2,
(1 +r§f“)

where fi(t1,t2) is the one year forward rate between term ¢; and to, d;y is the length of the
time period between time 0 and time t; and ds is the length of the time period between time
0 and time ¢5. Note that to —¢; = 1 and dy — d; = 1, as these are one year forward rates.

The forward rate curve is adjusted such that it tends to the ultimate forward rate of 4.2%
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in the long run. From the year 20 on there is a linear extrapolation to this ultimate forward
rate such that it is equal to the ultimate forward rate from year 60 onwards:

fi(t,t2) ifto =2,...,20;
adjfy(ti,ta) = 2529.0.042 4+ 2 - fy(t,t5) ifto =21,...,59;
0.042 if £ = 60, ...

Now the ultimate forward rate curve is determined as follows:
ufri® = pi®) if dy = 1;

dy %
ufrﬁd”:((1+adjft(t1,t2>>-(1+ufr§d1>) ) “1 ifdy=2,...

If the current market term structure is low, the ultimate forward rate method makes sure
that the curve becomes higher in the long run, while if the current market term structure is
high, the curve will become lower in the long run.

C Pension funds

In this thesis, a distinction can be made between several funds. The first fund considered is
equal to a fraction of the projections from Statistics Netherlands (CBS) with their survival
probabilities. This Dutch fund is used in the main analysis of this thesis.

To investigate the effects of different funds on the holistic balance sheet and its options, two
additional funds are considered, namely a green fund and a gray fund. Both these funds
are created from the Dutch population, where the initial situation is adjusted. For each
generation an alternative weight is chosen with respect to the Dutch fund. This results in
the fact that the average of the green and the gray fund is equal to the Dutch fund, as the
same survival probabilities are considered.

In Figure 4 the amount of workers and retirees in the green and gray fund is displayed

as if the fund evolves further over time. It can be seen that the number of retirees in the
gray fund is much higher than in the green fund for the first 50 years.
More importantly, it can easily be seen from Figure 5 that the elderly dependency ratio (i.e.
the number of retirees divided by the number of workers) is much higher for the gray fund
than for the green fund, which is obvious, as there are more older people in a gray fund. It
can also be seen from both figures that the initial situation, green or gray, disappears in the
long run.

Furthermore, in this thesis closed funds are considered, which means that the fund closes
at time zero and no new participants can enter the fund. In Figure 6 the number of workers
and retirees is shown in case a closed fund is considered. Note that after 40 years no workers
are left in the fund, as one enters the fund at age 25 and retires at age 65. Additionally, after
75 years no one is left, as according to the survival tables everybody dies at the age of 99 at
maximum. Note that also here the initial situation disappears in the long run.

The elderly dependency ratio for the closed green and gray fund is shown in Figure 7. It can
be seen that due to closing the fund, this ratio increases significantly, where the ratio of the
gray fund is the highest.
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Figure 4: Proportions of workers and retirees in open green and gray fund
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Figure 5: Elderly dependency ratio of open green and gray fund
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Figure 7: Elderly dependency ratio of closed green and gray fund
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