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Abstract

We analyze whether a low funding ratio of a pension fund caaterincentives for individuals to leave
this fund and save for retirement on an individual basistHeurmore, we explore how these incentives differ
per age. The recent crisis has led to a large drop in funditigsraf many pension funds, which raises the
guestion whether for a certain funding level the benefitsafigipating in the pension fund are outweighed
by the disadvantages. For the benchmark case we find thatriis§ ratio needs to be very low, for almost
all ages, to give agents motives to leave the pension fundgavel via an individual DC scheme. Further-
more the break even funding ratios vary substantially wigh and exhibit a U-shaped pattern over the life
cycle. Hence relatively young and old cohorts have moreniiees to leave the pension fund. However, the
benefits of participating in the DB scheme, namely intergatienal solidarity, lower costs, and no conver-
sion risk, are in most cases so high that even for low fundati@s individuals do not have an incentive to
leave the fund.
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1 Introduction

The recent crisis has reduced the value of the assets ofgpefusids and, combined with a drop
in interest rate levels, has led to a large fall in the fundiaios of many pension funds. Even
though at the moment the funding ratios have increased amiimty again, this still raises the
guestion whether for certain low funding levels, agentseham incentive to leave the pension
fund and instead save for retirement via an individual DCesod or become self-employed. In
the Netherlands, which we use as a baseline case, pairticipatthe pension fund is mandatory,
but agents could decide to switch to another job which hathenpension fund associated with
it. Furthermore, the optimal asset allocation will prolyadiffer in the future due to changes in
the age composition of the pension fund. It is likely that éisset allocation of the pension fund
will be more in line with the optimal allocation for the oldearticipants if the median participant
is older. However life cycle investment theory indicateattthe optimal allocation for younger
and older individuals differs substantially. Younger ageshould prefer to invest more in risky
assets because they are more heavily endowed with humaalceyhiich is assumed to be riskless
(Cocco, Gomes, and Maenhout (2085)Jhis human capital will be depleted entirely at retirement
and for this reason retirees want to allocate a smallerifracf their wealth to risky assets. This
means that due to the ageing of the population the assetilaodn the pension fund will get
more conservative making the investment policy more submgtfor younger cohorts. Bikker,
Broeders, Hollanders, and Ponds (2011) find that Dutch paerfsinds take the age distribution
of the participants into account; an increase in the avesaggeby one year, reduces the equity
exposure by 0.5%. The combination of a low funding ratio acdresservative asset allocation can
give young cohorts incentives to leave the pension fund amd ®r retirement individually. We
calculate for various ages for which funding ratio the begefi participating in the pension fund
are outweighed by the disadvantages; in other words, welleédcthe break even locus.
Participating in a pension fund has various benefits whicinotibe obtained otherwise. In-
tergenerational risk sharing, better access to capitaketsr absence of conversion risk when
annuitizing, (conditional) indexation instead of a nonhipansion, and cost benefits (economies
of scale) are several examples of advantages of collecéfieatl benefit (DB) schemes. Via in-
tergenerational risk sharing it is possible to share rigkseet performance, macro longevity risk,
and so on, with future generations. Many papers find eviddratantergenerational risk sharing
increases welfare substantially (Cui, de Jong, and Portilkslj2and Gollier (2008)). If there is a
surplus or deficit in the funding of the pension plan this carspread out over current and future
generations via adjusting the benefits and/or contribstidiurthermore, in an individual defined

!Benzoni, Collin-Dufresne, and Goldstein (2007) assumaslébor income risk and stock market risk is cointe-
grated in which case equity is a less attractive investment.



contribution (DC) scheme an agent runs substantial comrerssk when he or she wants to buy
an annuity with the accumulated pension wealth, where oottier hand conversion risk is absent
in a collective DB scheme. In addition, the pension incomeifia DC scheme is mostly nominal
since insurers hardly offer real annuities, because iffi€dit to hedge the inflation risk. However,
there are also advantages of a DC scheme compared to a DBescNamely the asset allocation
in the DB scheme cannot be chosen optimally by the partitjparile in the DC scheme an agent
can choose an optimal allocation.

There is a trade off between saving for retirement via a DBsfpenfund and individually.

If at some point in the future the funding ratio is low and tleset allocation is suboptimal an
agent can have incentives to leave the pension fund andedecghve for retirement individually.
In the Netherlands, participation in the pension fund is daory when you work in a certain
industry or company, however an agent has several ways ichwig or she can avoid to partake
in that particular fund. Namely changing his or her job, beow self-employed, or find a similar
job in a different country. On the other hand, there are sgweasons that could reduce the
incentive to leave the job/pension fund which are not gdiabte (bought a house nearby, good
career perspectives, and so on). A paper close to ours is lijk Biad Teulings (2007), who
state that young cohorts will have an incentive to leave #nesion fund if the intrinsic benefits
of participating in the pension fund are less than the negatdffect due to underfunding when
entering the fund. However, not only a low funding ratio carelreason to leave the fund, but also
a suboptimal asset allocation. We extent on previous relsdgr looking at the combination of
both (low funding ratio and suboptimal asset allocatiorng datermine a break even funding ratio
locus. At the break-even point the individual is indifferém@tween participating in the pension
fund or saving for retirement individually.

In the benchmark case, the individual pays uniform contidms to the pension plan during
his working life and receives benefits during retirementoading to realistic pension fund rules.
We compare this to an alternative scheme where an agent favegirement via an individual
DC scheme. The DC agent saves a fixed percentage of his waggifement and this percentage
is equal to the contribution in the collective DB scheme.tik@mmore the asset allocation is static
and optimal during the working period and at retirement tagipipant transfers his entire wealth
in a nominal annuity.

We find that the welfare gained via the collective DB schensoifigh that only for funding
ratios below 35%, in combination with a standard asset ation of 50% to risky assets, 30-year
olds prefer to leave the pension fund. This break even fuhdatio differs per age, and exhibit

2Many papers find that it is optimal to invest everything in amaity even if individuals face background risks
such as health cost risk (Peijnenburg, Nijman, and Werked4}), loads on annuities are high (Mitchell, Poterba,
Warshawsky, and Brown (1999)), and agents’ have a bequéstatidavidoff, Brown, and Diamond (2005))



a U-shape. In the Netherlands agents receive an unifornuacand uniform contribution. Due
to the time value of money, a uniform system has the chaiatitethat the accruals of the young
workers are lower than their contributions. Hence the ottleragent is, the higher the value of
the accruals compared to the contribution that he makegshadives him incentives to stay in the
pension fund. On the other hand, if the funding ratio is lowelatively higher burden is put on
older agents to increase the funding ratio. Namely, thefiierage cut more in absolute terms the
older the agent s, since they have more pension rights adetea. Furthermore, there is less time
until retirement to make up for these benefit cuts, which apstip in the form of low indexation
levels. Note that this is due to the specific risk-sharingtmatsms between retirees and workers,
which is calibrated to the Dutch case. For a 25-year, 35;yEayear, and 55-year old the break
even funding ratio are respectively 120%, 10%, 5%, and 65%haped break even funding ratios.
Even though a break even funding ratio of 120% seems high,that this is when not taking into
account the cost differential between a DB and a DC systemenA#hcost difference of 1% is
used, the break even funding ratio for a 25-year old is 55%.

There is some related literature that examines discomyimisk of pension funds in relation
to intergenerational risk sharing. Bovenberg, Koijen,iNijp, and Teulings (2007) find that the
welfare gains from intergenerational risk sharing are cedusubstantially when the maximum
loss transferred to future working generations is sizeabtuced. They calculate the welfare
losses for various reductions of discontinuity risk. Tegh and Vries de (2006) discuss the risk
of new entrants opting out of the fund in the generationabanting framework. More closely
related to our paper, Westerhout (2010) examines how a tupersion scheme can be altered as
to make it time-consistent. In contrast to this paper, we tako account discontinuity risk for
various asset allocation strategies of the fund and examimeh funding ratios makes the agent
indifferent between the pension fund, and arranging thesipansavings on an individual basis.
The paper closest to ours is Siegmann (2011), who deterrmimesium funding ratios for which
an agent is indifferent between joining a DB pension fund BDCascheme. He examines for which
funding ratio a 25-year old is indifferent between entettimg pension fund or saving for pension
in a DC scheme. We find similar results if the parameters andiefraetup are approximately the
same. We expand on this by examining the incentives alsdder cohorts to leave the fund. We
find this to be particularly relevant since cohorts nearietiyeément also face incentives to leave
the fund, not only cohorts just deciding whether or not teeetite fund. The reason for this is that
older cohorts face a higher burden when the funding ratiovis because their pension rights can
be reduced substantially and the contribution to the perfsiod increases.

The remainder of the paper is organized as follows. In Se@iwe describe the pension fund
(DB) and the individual retirement provision (DC). Sect®nontains the model; financial market,
labor market, social security pension and taxes, and theaddbr comparing the pension plan



with the individual retirement provision. Section 4 disses the optimal asset mix of the pension
fund. The results are presented in Section 5. Section 6 gdesl!

2 Pension fund and individual retirement provision

We will consider a stylized collective pension scheme whiegh model as a hybrid collective
scheme in which both the contribution and benefit levels aatiufbte with the funding rate. The
consumption stream during the working years is equal to #tenage minus the contributions
payed and consumption during the retirement period areghsipn benefits. In Table 1 we show
the wage, contribution, taxes, and so on. The gross salargrimalized to one and is constant
during working life.

Table 1: Summary of salary, contribution, and taxes

Gross salary 1
Taxes and premium during working life 0.335
I pillar pension premium 0.0585
Gross expected pension income Il pillar 0.35
Gross public pension 0.35
Taxes during retirement 0.156

2.1 Pension benefit and contribution rules

In Figure 1 we show the indexation policy for different levef the funding ratio. The exact rules
are included in Appendix A. If the funding ratio is betweer0% and 160% full indexation is
given. In case the funding ratio is higher than 160%, paudicts receive bonus indexation. If on
the other hand the funding level is between 105% and 140%taget only partial indexation.
Between a funding ratio of 90% and 105% no indexation is gibhemce the pension rights in real
terms are decreased with the inflation level. Finally, iffineding ratio is below 90%, the nominal
pension rights of the participants are cut. This is necgdsdnelp the pension fund recover.
Furthermore in Figure 2 we present the contribution rulesverious funding ratio. If the

funding ratio is between 90% and 160% the contribution pesge does not change. However, in
case the funding ratio is below this level, extra contributis levied to help increase the funding
ratio. On the other hand, if the funding ratio is above 160&cbntribution percentage is reduced,
hence both the benefit-receivers and contribution-payersenefited if the funding level is higher
than 160%. The pension liabilities, assets, and the pasmmate described in Appendix A.



Figure 1: Indexation/benefit policy

The figure displays the indexation policies for several lew&f the funding ratio. The inflation rate is 2%.
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Figure 2: Contribution policy

The figure displays the contribution policies for severalels of the funding ratio. Note that this is
the contribution percentage if 50% of the pension income & fate public pension and the other 50%
is from the pension fund. The contribution is actuariallyr fand depends on the allocation to equity.
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2.2 Individual retirement provision

An agent can, instead of saving for retirement via the penpian, save for retirement on an
individual basis. For the benchmark case we assume an agerd a fixed percentage of his
wage during working life and then invests the accumulatesjoe wealth in a nominal annuity at
retirement. The agent pays the same contribution as in theigefund, which is 5.85% if 50%
of the pension wealth is via social security and 50% is segafat pension, and half of the assets
are invested in equity (but not half is invested in equitg MC agent optimizes statically over the
asset allocation). If we would assume that a larger parteofdtal pension income of the individual
would come from second pillar wealth, the contribution patage would be higher than 5.85%.
Furthermore the savings of the individual are allocatedstoak and a risk free one year nominal
bond and the agent optimizes over the static asset allocalioe individual runs conversion risk
in regard to the annuity. The consumption during the workphgse is equal to the net income
minus contributions and during retirement the agent comsums entire annuity income.

2.3 Transfer pension wealth from DB to DC

We assume that at every age an agent can decide whether o gt@yDB pension plan or leave
and save for retirement individually. Hence in contrasthie previous literature we do not only
examine the incentives for young agents to leave the furtchlba the incentives for older agents.
In case the agent decides to exit the pension fund, his pen&alth is transferred to the individual
DC scheme. The pension wealth transferred are the realqrerights.?

3 The model

3.1 Financial market

The asset menu of an investor consists of a riskless onengaainal bond and a risky stock. The
return on the stock is normally distributed with an annuahmeominal return.z and a standard
deviationoi. The interest rate at time+ 1 equals

Tep1 = T+ ap (e — fir) + €141, (1)

wherer; is the instantaneous short rate anndndicates the mean reversion coefficient.is the
long run mean of the instantaneous short rate,amsinormally distributed with a zero mean and

3So for instance, if there are a few years of a low funding ratie accumulated rights are reduced. Then these
lower accumulated pension rights are discounted with thkrage.



standard deviation,. We use the Vasicek model to calculate the term structurptefest rates.
The yield on a risk-free bond with maturityis a function of the instantaneous short rate in the
following manner:

BRI =~ log(A(1)) + 4 Bh)re, @

whereA(h) andB(h) are scalars and is the maturity of the bond.
Inflation is modeled as follows. For the instantaneeyected inflation rate we assume

1 = T + A (T — i) + €41 (3)

wherea, is the mean reversion parametgy, is long run expected inflation, and the error term
€r ~ N(0,02%). Subsequently the price indékfollows from

;1 = I exp(mipr + ftH+1)> (4)

wheree]! ~ N(0, c%) are the innovations to the price index. We assume there isitiorelation
between the expected inflation and the instantaneous siterest rate, that is the correlation
coefficient betweer] ande}! is positive.

We consider single-premium immediate life-contingentuati@s with real or nominal payouts.
Consequently, the annuity income is given by

Y = PRyA™", (5)

where PR, is the premium, and! is the annuity factor. Individuals do not face longevitykris
hence the annuity factod, is just equal to

D—-1

A= Z (exp(—tR(()t))> : (6)

t=dT

WhereR(()t) is the time zero yield on a zero coupon bond maturing at tinfehe interest rate term
structure that is applied is either nominal or real depemdin the type of annuity. The nominal
term structure is calculated via equation 2 and the real séracture is the nominal term structure
minus expected inflation and minus a risk premium.

3.2 Labor market

The real wage during the working career is constant andasshkivith a fixed, exogenous retirement
age. We assume individuals cannot get unemployed.



3.3 Social security pension and taxes

In most countries an individual can get a state pension da@@mpulsory to participate in this. A
certain fraction of income (up to maximum amount) must bermonted to the state pension plan.
This first pillar can be supplemented by the second pilla atcupational pension, which is what
we focus on in this paper.

During the working phase the employee pays taxes and presnjpension plan and social
security), while during the retirement the individual oplgys taxes. Note that the contributions in
the pension fund are set in such a manner that in expectétgoindividual has approximately the
same net income before and after retirement.

3.4 Comparison pension plan and individual retirement provsion

We are interested in the welfare gains from participatingh@ pension plan compared to the
optimal individual alternative. Our main goal is to examwigether for a certain funding ratio it is
no longer optimal to participate in the pension fund. To He &tdo this we need to compare utility
from consumption generated via the pension fund and viantieidual DC. For this reason we
transfer the stochastic consumption streams into a meakereertainty equivalent consumption.
This is the consumption stream you get with certainty, wigeherates the same utility as the
stochastic consumption stream (either via the DB schemedwidual DC). In both cases (DC
and DB) the consumption during the working life is equal te tiet labor income minus the
contributions and the consumption during retirement isaétputhe pension income.
The expected lifetime utility for an agent equals:

- t— 101_
V=maxE () 8 = (7)

t=1
The CEC follows from:
EC)'—
V= Z i (CEC) ™ C o (8)

The ratio of CEC of the pension fund and the CEC of the indigldRC strategy shows the welfare
loss/gain of saving for retirement via the pension fund carag to the individual DC scheme.

3.5 Benchmark parameter in numerical simulation

The risk aversion coefficient,, is equal to 5 and the rate of time preferenggis 0.96. The mean
instantaneous short rate is set equal to 4%, the standaiatidevto 1%, and the mean reversion
parameter to -0.15. The correlation between the instante&hort rate with the expected inflation



is 0.4. We assume a mean inflation2%f, the standard deviation of the instantaneous inflation
rate is equal td %, the standard deviation of the price index equals and the mean reversion
coefficient equals 0.165. The mean equity return is 7% andntheal standard deviation is 20%.
The real wage income is set equal to unity. The retiremet @& 41 and D, time of death, equals
61. These correspond to an individual who starts workingetZb, retires at 65 and passes away at
age 85. In the benchmark case no load and costs are inclutieel XC or the DB scheme. During
the working phase the agent pays taxes plus premiums (pgmgmium and social security) equal
to 33.5%. After retirement the individual does not pay premms, only taxes equal to 15.6%. These
numbers correspond to the taxes payed by a person in Therietthe with a median income. We
abstract from the higher tax rate for agents with a highevnme. Taxes are important to take into
account, because in the Netherlands the combination of &xe contributions is chosen in such
a way that thenet income during working life is approximately equal to thet income during
retirement. The fall ofgross income is larger at retirement then the fallnat income. In the
baseline case the individual receives in expectation Hdlfsoppension income from the first pillar
and the other half from the second pillar.

4 Optimal asset mix for different ages

4.1 Asset liability management

The optimal asset mix of an agent differs per age. In Table prgsent an Asset Liability Man-
agement (ALM) analysis to show the effect of the fractioreisted in equity on the funding ratio
of the pension fund. First of all, we see that the probabitityt the funding ratio is below 100%
or below 140% is increasing in the fraction allocated to gquf the allocation to equity is 75%
instead of 45%, the probability of having a funding ratiodvel100% in 20 years from now, is
13% higher. Note that the contribution is higher when thecation to equity is lower, because
in expectation the return on the pension assets is loweromlasion, the risk of underfunding
depends highly on the fraction allocated to equity.

The asset allocation of the pension fund in effect determthe entire funding process. The
level of the contribution levied is a direct consequencehefdsset mix in the pension fund; the
higher the fraction invested in equity, the lower the adalgrfair contribution level. Hence there
is a trade off between contributions and risk, if a lower citwition level is desired this comes at
the cost of increasing the overall risk level of the pensiordf In addition the more risky the asset
mix the higher the mismatch risk between the assets andabiities is. We see that the certainty
equivalent consumption is the highest for the more consigevasset mix.



Table 2: ALM analysis

The median benefits and contributions are in real terms. diget median benefits are 0.35. The certainty equivalent
consumption is after taxes and the benefits and contritaitiom before taxes. The start funding ratio is 140% and the
reported numbers are for 20 years later. The contributianghs with the allocation to equity, because, in expectatio
less contribution needs to be levied if the equity allogatfohigher.

75% equity 65% equity 55% equity 45% equity
median FR 124% 128% 131% 134%
P(FR<140) 62.5% 61% 59% 57%
P(FR<100) 27% 23% 18% 14%
median benefits 0.2897 0.3080 0.3256 0.3425
median contribution  0.0459 0.0504 0.0554 0.0608
CEC age 25 0.6135 0.6150 0.6158 0.6160
CEC age 35 0.6135 0.6160 0.6177 0.6187
CEC age 45 0.6150 0.6191 0.6221 0.6239
CEC age 55 0.6209 0.6260 0.6295 0.6314

4.2 lllustration welfare costs per age

The optimal asset allocation of the pension fund is diffitcaldetermine. There is no clearly
defined objective function of the pension fund that needetmbaximized. The pension fund exists
of many different stakeholders with varying objectives,ifstance workers, retirees, and inactive
participants. When setting the asset allocation all viesesdto weighted but it is not directly clear
how. One way would be to give everyone in the pension fundepeddent of accumulated pension
wealth, a vote. In that case the median participant will chetiee the optimal allocation. However,
the accumulated pension wealth can also be taken into atéowifect each participant then has
a "weighted vote”. Bikker, Broeders, Hollanders, and Pai2@4.1) find that the asset allocation of
the pension fund depends (partly) on the age of the mediditipant. In Figure 3 we present an
illustrative graph of the utility costs for participantscafferent ages, when the median participant
is 55-years old and determines the asset allocation of theige fund. We see that the welfare
costs are zero for the median participant, since the allmetaf the fund is in accordance with his
optimal asset allocation. Agents older or younger than BGrintility losses.

It is conceivable that there are combinations of fundingsaand asset mixes for which trans-
ferring from a collective DB scheme to an individual DC scleeisioptimal. This will also differ
between ages. In the next section we explore the break evehications of funding ratio and
asset mixes for various ages.
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Figure 3: Difference in utility due to a suboptimal assebedition
This graph is for illustrative purposes only. No actual nengbare calculated to determine the exact utility loss.
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5 Results: Comparing the pension fund with individual retire-
ment provision

A DB pension fund generates several advantages over thedndl DC system. For instance,
intergenerational solidarity, lower costs, no explicineersion risk of the pension wealth, and
conditional indexation instead of a nominal annuity. Onabiger hand the DB system poses the
same static allocation on everyone, while in the individD@l an agent can choose the optimal
static allocation. More importantly, if the funding rat®low when the individual enters the fund,
the agent has to pay additional premia for the recovery ofuhding ratio, while no indexation is
given. Hence there is a certain break even funding ratioreie individual is indifferent between
saving for retirement via a pension fund or individually. this section we are going to present
these break even funding ratios for different ages.

5.1 Break even funding ratio for various ages

In Figure 4 we show the break even funding ratio as a functf@age, if the pension fund invests
50% in risky assets. There are several reasons why the bveakaeus varies with age namely:

e For older agents, relatively more of the burden of a low fagdiatio is put on them. Accu-
mulated pension rights are reduced, while the pensiongigtd relatively higher for older
agents compared to younger participants. On top of thigr@dents have less years to make
up for the loss of pension rights. Furthermore, the contigiouof the agent is increased to
help the funding ratio recovery. Hence threak even funding ratio rises with age. We label
this the "burden effect”

11



e Due to uniform accrual/uniform contribution, older agegtt a relatively higher accrual
compared to their contribution. For instance, when an aigedld years old, his contribution
is worth less then the accrual he gets. This is illustrateBligure 5. For this reason older
agents have less incentives to leave the pension fund asdhbbreak even funding ratio
fallswith age. We label this the "uniform effect”

Figure 4. Break even funding ratios for various ages

The asset allocation of the pension fund is equal to 50%. Bharpeters are equal to the benchmark case: 50% social
security pension and 50% Il pillar, no load, annuity in the Bsbeme is nominal, conditional indexation in the DB
scheme, 5.85% contribution in the DC scheme, asset altothtth in DB and DC static. At age 25 the +4% locus is
not shown, because this is at a very high funding ratio, whichld make the figures less easy to read.
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In more detalil, if the funding ratio is low, more of the burdsiput on the agent, the older the agent
is. The contributions are increased and pension rightsealieced. Furthermore, older participants
have less years until retirement to receive the additiomdéxation. In contrast, a 35-year old
has less incentives to leave the fund: the break even fundingis lower for every level of the
asset allocation. The uniform-effect goes in the othercative, namely an older individual has
more incentives to stay in the pension fund, because he geitghar accrual compared to his
contribution due to the uniform system. A young agents paysatively high contribution, while
his pension accrual is low. For this reason older agents &mawecentive to stay in the fund, hence
the break even funding ratio decreases with age. Both reagomwork in opposite directions,
which results in the non-monotonic results for the breakhduading ratio. Furthermore, we see
in Figure 4 that welfare gains and losses increase with age 4% loss and gain band around the

12



break even funding ratio gets smaller at higher ages.

Figure 5: Uniform accrual/uniform contribution

This figure illustrates the uniform contribution/uniformmcaual system. Agents pay a contribution of 0.0585 per year
and receive in return an accrual in pension rights of 0.35040087 in every retirement year. This accrual is however
discounted and the discounted value of this accrual at exgeys displayed in the graph.
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5.2 Break even funding ratio for various parameters

In the near future, the age of the median participant in timsjoe fund will increase substantially.
This can induce pension funds to decrease the investmaskjnassets, which is more in line with
the optimal allocation for the ageing pension fund. Howgtlgs means that the young cohorts
will receive a more conservative investment policy, whidigim be suboptimal. We examine what
and how large the effect of a more conservative asset aiboceston the break-even funding ratio.
The results can be derived from Figure 6. On the vertical meestill have the break even funding
ratio but on the horizontal axes we now display the equitycation of the pension fund. For the
benchmark case (solid line) where the pension fund invé¥sih the risky asset and the agent is
25-years old, the break even funding ratio is 120%. Furtlbeemwe see that if the allocation to
equity for a 25-year old is reduced from 70% to 40%, the breadndunding ratio actually falls
from 150% to 110%. Surprisingly, a higher equity allocatinduces young agents to leave the
pension fund already at a higher funding ratio. The reasdnaiswhen the funding ratio is low,
agents do not want to take on a lot of risk. When the pensiod favests a higher fraction in
equity, there is also a higher chance of the pension fundggmamkrupt. In case this happens, we

13



assume the agent cannot get access to another DB pensioiidplace the only way to capture the
benefits of a DB pension plan is to ensure that the pensiondaed not go bankrupt.

Figure 6 not only presents the break even funding ratio ftfei@int equity allocations of the
pension fund, but also robustness tests for various paeasigt the model. The dashed-dotted
line is the benchmark model but including a 1% load in the Digeste. We see that if the load in
the DC scheme is 100 basis points instead of zero, the breakfamding ratio is lower. This is
intuitive, since the DC scheme becomes less attractive wieenosts are higher. Note that in the
benchmark case we do not include a load in the DC scheme, batdachn also be interpreted as
the cost difference between a collective DB and an indiMiddascheme.

Figure 6: Robustness tests 25-year old: load, real anmigkyaversion, life-cycle investing in the
DC scheme

The parameters are equal to the benchmark case unlessattatedise: 50% social security and 50% Il pillar, 100 bp
load, annuity in the DC scheme is hominal, conditional irat®n in the DB scheme, 5.85% contribution in the DC
scheme, asset allocation both in DB and DC static. The optisset allocation in the individual DC scheme is 60%
for the benchmark case, 100% if the risk aversion is 2, 50% ibad is included, and 60% if the annuity is real. The

life cycle asset allocation is equal to (100 - t*2%). Henceewlthe agent is 25 years old, 100% is allocated to equity
and 20% when he is 65 years old
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Furthermore, if the risk aversion is lower (dashed line) gard prefers a more aggressive
investment policy. In the individual DC scheme, he can chuseasset allocation optimally and
increases his equity exposure. For this reason the DC scheommes more attractive for low
equity exposures in the DB scheme, and less attractive ¢ fisk exposures.

In addition, in the benchmark case an agent accumulatedarcamount of pension wealth

14



in the DC scheme and buys a nominal annuity at retirementhdr\tetherlands almost no real
annuities are available since insurers cannot hedge tlaianflrisk, because no inflation linked
bonds are sold that are linked to Dutch inflation. Howeveedfl mnnuities would be sold the break
even funding ratio would be larger, since it would make sg\for retirement on an individual
basis more attractive.

Surprisingly, the break even funding ratio increases whenedquity allocation in the DC
scheme decreases with age (life-cycle asset allocatidmeiDC scheme; dotted-line), compared
to a static allocation. Intuitively, a higher equity exposwhen young and less equity exposure
when old is beneficial. However, when the equity allocatibthe pension fund is high and at the
same time the funding ratio is low, this increases the Iiadd that the fund goes bankrupt. For
this reason the break even funding ratio increases due tdelwycle asset allocation, compared
to a static allocation.

6 Conclusion

In this paper we examine for which funding ratio levels, agdace incentives to leave the DB
pension plan and save for retirement on an individual b&gesfind that these break even funding
ratios are very low for most agents and that the benefits frartigppating in the pension plan,
namely intergenerational solidarity, cost advantagegamversion risk, and so on, are high. Fur-
thermore, the break even locus exhibits a U-shaped pateariuaction of age. Hence very young
and very old participants have some incentives to leaveuhe, fwhile agents at intermediate ages
have virtually no reason to leave the fund. The reason fontrelinear relationship between the
break even funding ratio and age are two effects which worpiposite directions. On the one
hand, (1) the "burden effect”, which is that most of the bura@é a low funding ratio is put on
older agents, which ensures that especially older pastntgface incentives to leave the fund. On
the other hand, (2) the "uniform effect” induces especigtiyung agents to leave, because at these
ages the accrual of pension rights is lower than the coritobs.

Our results have far-reaching policy implications. In maowyntries a (partial) shift from first
to second pillar is being discussed. However, the incesioe agents to opt out of the pension
fund should be (near) zero, to ensure the continuity of ticerse pillar pension system. We find
that agents have little reason to leave a collective DB pensind and save for retirement via an
individual DC scheme as the benefits of the DB are very highallaages. Note however that we
use the Dutch pension system as a baseline case and thevesdot agents to leave the pension
fund can be different for varying second pillar pension egstiesigns.
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A Description of the pension fund

A.1 Benefit and contribution rules

If the funding ratio is below a certain low threshold, negatindexation is given. In that case
individuals do not receive indexation and their pensiohtsgre even decreased in nominal terms.
BetweenF,;, and F;, no indexation is applied and betweéh and F; partial indexation. If the
funding ratio is betweel’y; andFy y, retirees receive full indexation. In that case the basiebe
percentage does not change, since we défimes the percentage of the real wage. Finally if the
funding ratio is higher thaih'; ; then on top of full indexation a bonus benefit is given.

The benefits at time will consist of a basis benefit percentage plus a part whigledds on
the funding ratio. The basis benefitg, are a percentage of the real wage. The actual benefit
percentage of the real wage at timé,t,will be higher or lower depending on the funding ratio.

o if F, < Fpp, thenbt =b <1 — COM — ﬂ't)

Frr

o if I, < F, < Fy thenb, = by(1 — )
o if ), < F, < Fy thenb, = b, (1 o FH—Ft)

Fg—Fr,

o if F, > Fyg thenbt = by (1 + Cl(Ft — FHH))

whereFy ., Fr, Fy, and Fyy are threshold levels for the funding ratia, is the inflation rate.
If the funding ratio is below a certain low threshold, negatindexation is given. This implies
that individuals do not receive indexation and there pensghts are even decreased in nominal
terms. Betweert’,;, and F;, no indexation is applied and betweéh and F; partial indexation.
If the funding ratio is betweeh’y; and Fj; 4, retirees receive full indexation. In that case the basis
benefit percentage does not change, since we degfeethe percentage of the real wage. Finally
if the funding ratio is higher thah’, 5z then on top of full indexation a bonus benefit is given.

The same structure holds for the contributigns,The contributions consist of a basis pat,
and a part that depends on the funding ratids a percentage of the real wage:

o if Fy < Frp thenp, = p, max|[(1 + Bo(FrL — F})), 1.5]
o f FLLSFt<FHchenpt:pb
o if F, > Fyg thenpt = Db mln[(l — 51(Ft — FHH)); 05]

Hence the pension contribution depends negatively on theirig ratio. The contribution cannot
be less than half of the basis contribution or more than 50getahan the basis level.
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A.2 Pension liabilities and assets

The timing in the model is as follows: at the beginning of tlegipd (a year) the pension fund
receives premiums and pays benefits. Subsequently thes @ssenvested. An individual pays
premiums until agd” — 1 and starts receiving benefits at the beginning of period Trddeives
the last payments at age — 1 and dies aD.

First we need to determine the basis contribution. The bH@siefits,b,, and the basis con-
tribution, p, are related in a such a manner that the premium covers the. cdbis actuarially
fair contribution requires that ex-ante every individuayp its own pension. The discount factor
we use to calculate the actuarially fair premium dependdernytpe of pension (nominal or real)
and whether it is guaranteed, so several options are pesdibfor instance we want to give a
pension with a nominal guarantee, we use the nominal teunctsiie to calculate the actuarially
fair premium. In the case a real pension guarantee is givemigtount factor used is the real
term structure. However we assume that no guarantees ae, ¢put the pension fund does have
the ambition to index so we discount with the expected reairmeon the portfolio. This basis
premium,p,, is calculated in the following manner:

~

-1

i

Do _ 1 by )
(1 + Rr)t—l (1 + RT)T - (1 + Rr)t—T'

t=1

Il
~

Hence the sum of the discounted benefits received duringemetint must be equal to the dis-
counted premiums paye®” is the expected real return on the portfolio.

The nominal funding ratiof;, is defined as the ratio of the nominal market value of thetasse
over the nominal market value of the benefits. The marketevafuthe assets changes with the
return on the portfolio, but also with the contributionse®ed and the benefits payed. The market
value of the assets in nominal terms follows from

A = (A + ) pE =Y b)) (1 + R + (B — R))xy) (10)

whereR/ is the return on a risk free 1-year nominal bond dtfdis the return on equityp} are
the contributions in absolute terms payed by each cohor. pfemiums are equal for every age.
b are the benefits in absolute terms received by each cohoithwliffer depending on the past
benefit policies.

The nominal liabilities at the beginning are equal to theifatcash flows discounted with the
nominal term structure. We assume there is 1 person per dggtqoe. the same amount of
participants for each age cohort), then the total targbiliiees is equal to the sum of the liabilities

18



for each age cohort:

L=SN"1I.. (11)

A.3 Pension fund parameters

The benchmark pension fund parameters are based on theandgwactices in the Netherlands.
We assume that if the funding ratio is below the lowest thoeshF; ;, the benefits are lowered
in nominal terms. This is reflected in the paramé&tgmwhich is set equal to 0.3. This means that
the nominal benefits are lowered in such a manner that tharfgndtio in expectation will be
approximately equal to about 90% in 3 years. The parangetisrset equal to 0.2. Hence if the
funding ratio is 10% higher than highest threshdlg,;, the real benefits are increased by 2%.

is equal to 1, hence if the funding ratio is for instance 8086, dontribution is increased by 10%.
Furthermore3; is also equal to 1. With respect to the asset allocation, émetimark is 50% in
risky assets and the remainder in risk free assets.
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