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Abstract

This paper examines the impact of participants’ age distribution on the asset
allocation of Dutch pension funds, using a unique data set of pension fund
investment plans for 2007. Theory predicts a negative effect of age on (strategic)
equity exposures. We observe that pension funds do indeed take the average age of
their participants into account. However, the average age of active participants has
been incorporated much more strongly in investment behaviour than the average
ages of retired or dormant participants. This suggests that both employers and
employees, who dominate pension fund boards, tend to show more interest in active
participants. A one-year higher average age in active participants leads to a
significant and robust reduction in the strategic equity exposure by around 0.5
percentage point. Larger pension funds show a stronger age-equity exposure effect
than smaller pension funds. This age-dependent asset allocation of pension funds
aligns with the original life-cycle model by which young workers should invest more
in equity than older workers because of their larger human capital. Other factors,
viz. fund size, funding ratio, and average pension wealth of participants, influence
equity exposure positively and significantly, in line with theory. Pension plan type
and pension fund type have no significant impact.
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1. Introduction

The main aim of this paper is to assess whether Dutchopeiomds’ strategic investment policies
depend on the age of their participants. The strategic invespoly reflects the objectives of the
pension funds, while the actual asset allocation may depaitthe objective as a result of asset price
shocks, since pension funds do not continuously rebalancedntolios (Bikker, Broeders and De
Dreu, 2009). In this paper, we focus particularly on the gfiaedlocation of equities and bonds as
representing, respectively, risky and safe assetsajuenent for age-dependent equity allocation
stems from optimal life-cycle saving and investing modelg. Bodieet al, 1992; Campbell and
Viceira, 2002; Coccet al, 2005; Ibbotsowet al, 2007). An important outcome of these models is that
the proportion of financial assets invested in equity shoudckdse over the life-cycle, thereby
increasing the proportion of the relatively safer bonds.KByeargument is that young workers have
more human capital than older workers. As long as threletion between labour income and stock
market returns is assumed to be low, a young worker nisr loleversify away equity risk with their

large holding of human capital.

Dutch pension funds effectively are collective savingarayements, covering almost the entire
population of employees. Pension funds often take the chasticgeof their participants on board in
their decision-making on strategic investment allocationinestigate whether — in line with the
life-cycle saving and investing model — more mature pensiodsf pursue a more conservative
investment policy, that is, whether they hold less equitguour of bonds. An important feature of
most Dutch pension funds is that they explicitly base tbhaning and benefit allocation decisions on
intergenerational risk sharing, that is, nominal benafigsguaranteed, indexation is likely and pension
premiums are adjusted, the latter two depending on the furating Effectively, intergenerational

risk sharing extends the size of human capital in tlkedesiring basis, as human capital is pooled, not
only among contemporaries within a cohort, but also wilerogenerations and even with future

participants.

For pension funds’ strategic asset allocation in 2007, wetlfigia rise in participants’ average age
reduces equity holdings significantly, as the theory predictsoss-sectional increase of active
participants’ average age by one year appears to lead tofecaigrand robust drop in strategic

equity exposure by around 0.5 percentage point. Note #haittiicipants’ average age varies only
across sectional as, for each pension funds, thiablaris nearly constant over time. Considering this,
the awareness of the optimal age-equity relationship foigrefsds, and its incorporation in the
strategic equity allocation, is remarkable. This negatyugty-age relationship has been found in other
studies as well. For pension funds in Finland, AlestatbRurttonen (2006) report that a one-year

average age increase reduced equity exposure in 2000 mchsaml.7 percentage points. Likewise,



for Switzerland in 2000 and 2002, Gerber and Weber (2007) r@pedative relation between equity
exposure and both short-term liabilities and age. Thetaffeg find is smaller yet significant, as
equity decreases by 0.18 percentage point if the average patticipant’s age increases by one year.
For the US, Lucas and Zeldes (2009) did not observe a sattifielationship between the equity

share in pension assets and the relative share of petitieipants.

We find also that this equity-age relationship is not linaetive participants’ average age has been
incorporated much more strongly in investment behaviour ttretrof retired and dormant
participants. This is in line with the observation timapiinciple, employers and employees, who

dominate pension fund boards, tend to show more interastiue participants.

The set-up of this paper is as follows. Section 2 highligtggheoretical relationship between the
average age of pension fund participants and the shaguiby investments, stemming from the life-
cycle saving and investing model. Next, we proceed with erigéen of important characteristics of
pension funds in the Netherlands. Section 4 investigategythdependency of asset allocation
empirically using a unique dataset of 472 Dutch pension fahdad-2007. The next section presents

a number of variants of our model, which act as robustaests Section VI concludes.

2. The role and determinants of equity in pension funthvestments

We start with discussing theoretical views on the suitgtofitequity in pension fund investment and
thereafter consider the role of age as one of the detemntsiohthe equity exposure. Two opposing
views on optimal asset allocation by pension funds may beglisthed: the long-term strategy and
the all-bonds strategy. Starting with the first one, weidenshat a pension fund has to meet benefit
promises to both current and future retirees. For a type&resion plan in the Netherlands, the duration
of accrued benefits is between 15 and 20 years. Campbelliegida\(2002) argue that the risks of the
various asset categories are different for varyimg thorizons. So, portfolio choices by long-term
investors will differ from those of short-term investdssth short-term and long-term investors
benefit from risk diversification across asset classegigk is horizon-dependent, long-term investors
also benefit from any time diversification within asdasses. Some empirical research finds that
stocks are less risky in the long run due to their meagrsion: the annualized standard deviation
halves over a 25 year horizon (Campbell and Viceira, 2008yétmars, 2008). Besides, long-term
investors may invest in less liquid assets such agséate. Money market instruments are relatively
safe for short-term investors, but not for long-term inmessbecause of reinvestment risk, that is,
uncertain future short-term interest rates. Apart frioenfavourable return-risk trade off in the long
run, equities may partly hedge increasing wage- or inflatidaxed liabilities, due to the positive

long-run correlation between stock returns, on the one haddyages and inflation on the other



(Lucas and Zeldes, 2006). Bodie (1995) disputes that investmedimgishes over time. He points
out that prices of put options, insuring against a retulowbthe risk-free rate of return, increase both

theoretically and empirically with the lengthening of theizum.

The all-bonds strategy argues that pension liabilitiedosmature bond-like (Bodie, 1990; Bader and
Gold, 2003). The value of these liabilities is equal to &ilaerof the replicating portfolio consisting of
a — usually indexed — bonds portfolio that matches timinguatraind creditworthiness of the
promised benefits. Note that, of course, the funding decdoes not change the liabilities, that is, the
value of the promised benefits. A risky asset mix may havigh expected return, yet this comes with
a mismatch risk, which has to be absorbed by one or ofithe pension fund's stakeholders. In a
perfect market setting, the cost of buying protection agjéiat mismatch risk from the expected
equity proceeds will leave the same return as an all-bstralegy. A pension fund cannot add value
by changing the asset mix. Assets held in an all bondegyrate equal in value to those in an all-
equity strategy. Moreover a pension fund invests on behgik risk bearing stakeholders. In a
perfect market, a pension fund can do nothing that indivetaikholders cannot do directly
themselves. The best strategy would then be an all-btnadsgy with no mismatch risk at all. But the

market is not perfect.

If a pension fund’s only purpose were to secure pension prei@sany cost), it would always be
fully funded and fully immunized, that is, matched. Thislearly not the case. Cat al (2009) argue
that although a pension fund is a zero sum game itiatuterms, a mismatch strategy might
enhance welfare on account of the intergenerational resknghargument. The data reveal that, at
end-2007, most pension funds in the Netherlands did not holdHaonals mix. Pension funds attempt
to earn a risk premium on the fund’'s assets. Thergbergion funds’ balance sheets are exposed to
considerable mismatch risk in the hope of earning goriskium on pension assets so as to avoid

having to pay the full economic cost of the pension promise.

The strategic allocation to equities differ betweenspen funds that can be explained by differences
in risk appetite, determined by factors as size, typadfstry, funding ratio, maturity, and the like.
The degree of maturity can be measured by the average tigeplan participants. This paper is
oriented at the question what the impact is of partitipge on the asset allocation. We put forward
that the relationship between equity allocation and avexggés negative in line with the lifecycle

model.

In the late 1960s economists developed models which implieththeiduals should optimally
maintain constant portfolio weights throughout their livesn(8elson, 1969; Merton, 1969). A

restrictive assumption of these models was that invester@saumed to have no labour income (or



human capital). As most investors do in fact have labmame, this assumption is unrealistic. If
labour income is included in the portfolio choice model, irdligis will optimally change their
allocation of financial wealth over their life cycle. Thytimal allocation will therefore also depend on
the risk-return characteristics of their labour incometharadlexibility in their labour supply. Bodiet

al. (1992) studied the impact of labour flexibility on investmsnategy. They found that investors
with safe labour income should invest in riskier assetspréferred allocation to risky assets should
be based on total wealth, being the sum of financialttvead human capital. As the size of human
capital declines with age, the proportion of financial ssswested in equities should also decrease
over the lifecycle, in favour of low-risk investments afesbonds. Habit formation is a factor
concerning preferences that is typically not taken intoaat in life-cycle models. It could further

reinforce the negative age-dependence of stock-holdings, apaltieipants are more risk-averse.

Pension funds have participants in a wide range of ages jiist over 20 to over 100. In models of
optimal life-cycle saving and investing, the age of the irorggays a key role. Therefore, the
guestion is whether the average age of participants aatdeterminant of the asset allocation in the
greater entity of pension funds, and to what extentgficoverview, see Bovenbeggal.,2007). The
rationale is that young workers possess more human lddnaiteolder workers, where younger
workers can diversify investment risk, assuming that hurapitad is a relatively safe, so bond-like,
asset. The age-dependency of human capital results gativeeage-dependency of equity exposure.
The basic version of the life-cycle model with risk-fregrian capital can be summarized by the
following equation for the optimal fraction of stock investity denotedv:

H+F u-R'

= 1

HereH is the human capital (the total of current and disemlifuture wages) of an individual, aiRd
is the person’s current financial capital. The risk-pramof the stock market is given py-R', while
y andd® denote, respectively, the individual’s constant relatieaigersion and the variance of stock

market returns. As can be seen, more human capits tehigher optimal investment in stocks.

Not only do young workers have more human capital, theyrage more flexibility to vary their
labour supply — that is, to adjust the number of working $outheir retirement date — in the face of
adverse financial shocks. Flexible labour supply actsfaesraof self-insurance for low investment
returns. Bodiest al (1992) show that this reinforces the optimality residt that young workers

should have more equity exposure. Teulings and De Vries (20@6)ata that young workers should



even go short in bonds equal to no less than 5.5 times timeiaksalary in order to invest in statk.
The negative age-dependency of asset holdings correspondsutetbiethumb that an individual
should invest (108age)% in stocks (see Malkiel, 2007).

The negative relationship between age and equity exposure pottfolio is usually derived under
the assumption that human capital is close to risk-tneat least is not correlated with capital return.
Benzoni et al. (2007) put forward that in the short run, trisetation is indeed low while in the
longer run, labour income and capital income are highly coiatedy since the shares of wages and
profits in national income are almost constant. Timdifig implies that the risk profile of young
workers’ labour income is equity-like and that they shouldefioee hold their financial wealth in the
form of safe bonds to offset the high risk exposure in theman capital. Therefore, Benzaial.
(2007) suggest that the optimal equity share in finanssdta is hump-shaped over the lifecycle:
cointegration between human capital and stock returns doesiim the first part of working life,
whereas the decline in human capital accounts for thedinegae-dependency of optimal equity

holdings later in life.

All'in all, the economic theory suggests a negative reldtiprisetween participants’ age and pension

fund’s equity exposure, although a single theory indicateshisatelationship might be reversed.

3. Characteristics of Dutch pension funds

As in most developed countries, the institutional stmectdi the pension system in the Netherlands is
organized as a three-pillar system. The first pilangrises the public pension scheme financed on a
pay-as-you-go base. It offers a basic flat-rate pensiaii tetirees. The benefit level is linked to the
legal minimum wage. The second pillar provides retireckersr with additional income from the
supplementary scheme. The third pillar comprises tax-defpamsdnal savings, which individuals
undertake on their own initiative. The Dutch pension system ¢uiaras it combines a state run pay-
as-you-go scheme in the first pillar with funded occupatiplaas in the second pillar. The first pillar
implies that a young individual cedes part of its humanitakto elder generations, in exchange for a
claim on part of the human capital of future generationger@ihe life-cycle hypothesis, this type of
intergenerational risk sharing enforces the preferenceurfgey people to invest in equity (Heeringa,
2008). For that reason, we might expect a stronger age effequity exposure for Dutch pension

funds.

2 A variant of this approach is to buy a house financea imprtgage loan, as happens much more frequently.
Though, this is not a well-diversified portfolio.



The supplementary or occupational pension system in the Nettietis organized mainly as a funded
defined-benefit (DB) plan. The benefit entitlement is deteed by years of service and a reference
wage, which may be final pay or the average wage over #ie géservice. The defined-benefit
formula takes into account the retirement benefit optiaic scheme. The DB pension funds
explicitly base their funding and benefits on intergeneratiosiakharing (Ponds and Van Riel, 2009).
Shocks leading to either a higher or lower funding ratio amo#med over time, using the long-term
nature of pension funds. Pension funds typically adjostributions and indexation of accrued
benefits as instruments to restore the funding ratio. Highatiributions weigh on active participants
whereas lower indexation hurts older participants rhdsie less flexible these instruments are, the
longer it takes to adjust the funding level, and the mooagly will shocks be shared with future
(active) participants. Effectively, intergenerational ilaring extends the risk bearing basis in terms
of human capital. The literature on optimal intergenenat risk sharing rules in pension funding
concludes that intergenerational risk sharing within perfsiods generally should lead to more risk
taking by pension funds compared to individual pension pgsGollier, 2008; Cuet al, 2009).

Thus Dutch pension funds, with their high call on intergdimal risk sharing, may be expected to

invest relatively heavily in risky assets.

There are three types of pension funds in the Nethexlane first is théendustry-widepension fund,
organized for a specific sector of industeyy. construction, health care, transport). Participaticemin
industry-wide pension fund is mandatory for all firms ogerpin the sector. A corporate can opt out
only if it establishes aorporatepension fund that offers a better pension plan to itd@raps than

the industry-wide fund. Where a supplementary scheme esit$ts; as a corporate pension fund or as
an industry-wide pension fund, participation by the workereandatory and governed by collective
labour agreements. The third type of pension fund ipithiessional grougpension fund, organized

for a specific group of professionals such as physicianstaries.

The Dutch pension fund system is massive, covering 94% afcthe labour force. But whereas all
employees are covered, the self-employed need to arrangewimeietirement plans. As reported by
Table 1, the value of assets under management at the 26d70amounted to € 637 billion, or 125%
of Dutch gross domestic product (GDP). More than 85% pfemsion funds are of the corporate
pension fund type. Of the remaining 15%, most are industry-fwitts, besides a small number of
professional group funds. The circa 95 industry-wide pensiorsfareithe dominant players, in terms
of their relative share in total active participant885%) and in assets under management (> 70%).
Almost 600 corporate pension funds encompass over a quarter rénbaining assets, serving 12% of

plan participants. Professional group pension funds asgyneery small funds.

% In an average wage defined benefit scheme, the accruedrpeghts of the active members are often also
subject to conditional indexation.



Table 1. Pension funds in the Netherlands (end 2007)

Number of Assets

Active DB* DC?

funds participants
In %
Corporate pension funds 85 27 12 90 10
Industry-wide pension funds 13 71 87 96 4
Professional group pension funds 2 3 1 83 17
In absolute numbers
Total 713 €684 bin 5,559,677

Source:De Nederlandsche Bank (DNB)Y-igures as per begin-2006.

In the post-WW?2 period, pension plans in the Netherlands typically structured as final-pay

defined benefit plans with (de facto) unconditional indexatidter the turn of the century, pension

funds in the Netherlands, the US and the UK suffered anfalhding ratios. In order to improve their

solvency risk management, many pension funds switched frerfimial-pay plan structure to average-

pay plans with conditional indexation. In many cases, indexationied by a so-called policy ladder,

with indexation and contribution tied one-to-one to the funding (Bonds and Van Riel, 2009).

Under an average-pay plan, a pension fund is able to cdstedlvency position by changing the

indexation rate.

Graph 1. Development of equity exposure
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Graph 1 documents that Dutch pension funds increasedeipeisure to equities over time. Between

1995 and 2007 the median equity exposure tripled from 10.8% to 31H#84ndrease over time is a



combined effect of more pension funds choosing a positivéyegxposure (see;Pand Bs indicating,

respectively, the 10th and 25th percentile), and pension fnodsasing their exposure.

4. Empirical results

Our dataset provides information on pension fund investraet®ther characteristics for the year
2007. The figures are from supervisory reports to De Naddsche Bank, the pension funds’
prudential supervisor. Pension funds in the process of &tjoil— that is, about to merge with another
pension fund or to reinsure their liabilities with an isur are exempt from reporting to DNB. The
original dataset covers 569 pension funds, of which 472 (or 8838t on behalf of the pension fund
beneficiaries, while the remainder are fully reinsureddmdot control the investments themselves.
Nineteen pension funds do not report the average age op#récipants and 54 do not report their
strategic asset allocation. Three pension funds with funditngs higher than 250% were disregarded,
as these are special vehicles designed to shelter sawng$afxes and not representative of the
pension fund population in which we are interested. Andtitee pension funds with assets worth
over one million euros per participant were excluded for threesaason, as these are typically special
funds serving a small number of company board memberseTdixservations as well as fifteen funds,
where one or more explanatory model variables were misserg, omitted from the regressions, so

that our analysis is based on the remaining 378 pension fantlgjing all large pension funds.

Table 2. Descriptive statistics of our dataset inchling 378 pension fund$

Variable Mean Median Other percentiles Weighted

10% 90% mear’
Average age of active participants 45.2 44.6 39.9 50.1 43.1
Average age of all participants 50.2 49.7 41.7 59.6 47.9
Strategic equity exposure (in % of total investments) 329 .033 164 46.4 37.8
Actual equity allocation (in %) 33.2 33.6 17.6 46.9 37.6
Average assets of participants (in € 1,000s ) 81.2 58.4 11.7 155.4 42.3
Share of retired (in %) 20.9 17.4 4.0 41.5 15.6
Share of dormants (in %) 42.3 40.8 23.3 65.7 50.5
Share of active participants (in %) 36.8 36.5 15.3 59.8 33.9
Funding ratio (in %) 139.4 135.4 120.2 163.9 142.3
Total assets (in € millions) 1,791 150 20.3 2,153 55,400
Total number of participants (in thousands) 42.3 25 0.4 43.3 1,099
Defined benefit schemes (in %) 0.97 1 1 1 1.00
Defined contribution schemes (in %) 0.03 0 0 0 0.00
Industry-wide pension funds (in %) 0.20 0 0 1 0.89
Corporate pension funds (in %) 0.78 1 0 1 0.11
Professional group pension funds (in %) 0.02 0 0 0 0.00

2 That is, the minimum number of pension funds included in tHeusregression analysésyeighted with the number of
participants per pension funds, as in the weighted regressions
Source:DNB calculations.

Table 2 provides descriptive statistics of our dataset,agthand strategic equity allocation as key

variables. One measure of age is the average age of allgaants in the pension fund, including
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active participants, dormants and retirees and equataiging widely across pension funds between
35 and 79. An alternative definition of age is the average aggivéparticipants, which equals 45,
varying across pension funds from 35 to 63. The sharesirefdrand dormant participants also vary
strongly across pension funds, reflecting the various pasitihese pension funds occupy in the life
cycle or the dynamic development of their industry or theinspofirm. The share of equity in the
strategic asset allocation averages 32.9%, ranging acrcasip@&mds from 0% to 91%. The actual
equity allocation differs from the strategic asset allimn due to free-floating, and appears to average
33.2%. Furthermore, Table 2 presents statistics on othsigpefund characteristics, many of which
act as control variables in the regression (see belldwd 10% and 90% percentiles reveal that these
characteristics tend to vary strongly. The right-hesildmn shows the mean values, weighted with the
number of participants. For instance, larger funds temavest more heavily in the stock market than
smaller ones, so that the percentage of all pensiorsassested in equities equals 38%, against 33%
for the average pension fund. Finally, the total assetaamiber of participants statistics explain that
a small number of large pension funds dominate the pensaoket in terms of both total assets and

number of participants.

Most life-cycle theories suggest that the relationship betwge and equity allocation is linear
(Equation (1); see also Malkiel, 2007), while others posdaton-linear or hump-shaped

relationship (Benzoret al, 2007). Lucas and Zeldes (2009) investigate a relationship detive
relative share of active participants and the equibcation, also assuming a non-linear age pattern: a
(constant) effect during the active years compared tcetivement years. Gerber and Weber (2007)
regarded two definitions of average age: age of all ppaits and age of active participants, where
the latter implies a non-linear functional form of age, uie truncation at the retirement 4ge.
Taking the various specifications in the literature irdgooaint, we investigate both a linear and a non-
linear version of our model. Our linear age-dependent mod#éiéastrategic equity allocation of

pension funds reads as:

Strategic equity allocatiqrr « +  age total+ y log (size)+ ¢ funding ratig + ¢ log (personal
wealth) + { DB + 5 PGPF + 0 IPF; + u; @

wherei represents the pension fuAde totalstands for the average age of the total population of each
pension fund’s participanfsA control variablesizeis included as larger pension funds tend to invest

more in equity (Bikker en De Dreu, 2009, and De Dreu dkkds, 2009). One argument may be that

* Alestalo and Puttonen (2006) had data available on gmitiipants only.

® Concerning the impact of age on asset allocatiorcaneot distinguish between the life-cycle effect, on the
one hand, and age dependent risk aversion, on the otheHw@meler, as that the equity allocation is
determined by the pension fund board, the life-cyclectis more likely to dominate than the risk aversion of
the elderly who are not represented in the board.
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the pension fund size will go hand in hand with degrgeafiessionalism, investment expertise and
willingness to exploit return-risk optimization. The pension farsize is defined as its total number
of participants, where we take logarithms of size to regossible heteroskedasticity. Thumding

ratio is a determinant of equity allocation as a higher fundiiig may stimulate higher risk taking as
its providesa larger buffer against equity risk. A higher risk marfgir equity is required under the
Dutch supervisory regime (Bikker and Vlaar, 2007). Note-thatlike the actual equity allocation —
the strategic equity allocation is not affected digebil price shocks, although gradually, over time,
the strategic equity allocation may be influenced senag by trends in the stock market (Bikker,
Broeders en De Dreu, 2009). Another explanatory variable svér@ageersonal wealtlof the
participants in a pension fund, defined as the total pensaitiwper plan participant. This variable
reflects, on average, the generosity of the pension’i@am.hypothesis here is that generous pension
schemes may go together with relatively higher equity allmes, in a manner similar to the
behaviour of private persons who, on average, invest morglity ¢he larger their savings are. We
take logarithms of this variable to reduce possiblerbskedasticity. A set of dummy variables may
reflect different behaviour patterns related to diffetgpes of pension plan (DB versus DC) or
pension fund (professional group pension fulISKA and industry-wide pension fund®F) versus

corporate pension fund§inally, u; denotes the error term.

Our principal non-linear age-dependent model for the stra¢egiity allocation of pension funds

reads as:

Strategic equity allocatigrr o + f1 age active+ S, share retired+ 3 share dormants- y log (size)
+ o funding ratig + ¢ log (personal wealth} { DB + n PGPFR + 0 IPF; + u; 3

Age activestands for the average age of each pension fund’s getitieipants. Following Lucas and
Zeldes (2009) we include ratios of dormants and retiredcpatits ghare retiredandshare
dormants respectively) to incorporate possible furthen-linear effects cdge on the equity
allocation. This equation allows testing whether pension lwaads, populated by employers and
employees, show equatrsusmore interest in active participants compared to dotsramd retirees.

Alternative non-linear models are Equations (2) and (3), extedogladsquared age term.

® This interpretation assumes a similar average durefitite participants’ relationship with the pensiondun
across pension funds, that is, the sum of the endurplibyment contract and the endured retirement period.

" Willingness of the sponsor company to compensatesiment losses could be a relevant explanatory variable
also. In practice however, we hardly observe thisnghiess, except for a few corporate pension funds. Industry
wide pension funds service multiple corporations anduhiiely that losses can be fairly distributed amongst
those corporations.
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Table 3 reports estimation results of Equation (2), oupleish model. The age coefficient of the
average age of all participants is significant and eq@al§ (when unweighted,; left-hand column),
pointing to a negative relation between age and equityaditm® A one year higher average age is
associated with a 0.17 percentage point lower equity exgdsinweighted estimation attaches equal
informational value to each observation of a pension furespective of whether it has ten
participants or 2.5 million. By contrast, weighted regmsattributes similar importance to each
participant, weighting pension funds proportionally accordingjze. Such a weighting regression
would yield results which are more in line with econoneality. Dropping the largest two pension
funds from thaunweightedsample would not noticeably affect the regression regeltsesenting less
than 1% of the number of observations; result not shown,velneyeas they include no less than 30%

of participants.

Table 3. Impact of the average age of all participants on the stragic equity allocation of
pension funds (2007)

Unweighted SQRT weighting Full weighting

coeff. t-value coeff. t-value coeff. t-value
Average age of all participants -0.17 -2.00 -0.18 -2.17 -0.38 -4.65
Log of total number of participants 1.59 4.33 1.25 4.52 1.22 4.45
Funding ratio 0.20 6.83 0.24 8.66 0.29 9.55
Log of personal pension wealth 3.67 5.02 3.34 5.86 3.79 8.93
Dummy Defined benefit plans -0.60 -0.17 2.69 0.75 3.97 0.78
Dummy Professional group funds -1.81 -0.46 -0.64 -0.17 -0.57 -0.10
Dummy Industry-wide funds -0.12 -0.06 -0.28 -0.17 0.46 0.29
Constant -13.21  -1.86 -18.23 -2.75 -18.50 -2.31
Adjusted B 0.20 0.30 0.45
Number of observations 383 383 383

Therefore, the right-hand column of Table 3 presentsightesl regression using the number of
participants as weight. The extreme rise in the adjustém 0.20 (unweighted) to 0.45 (weighted)
reveals that the variation in equity allocation is éregixplained by the larger pension funds, than by
the smaller ones, confirming that weighting makes moreesecmnomically. The age coefficient is
both larger (at -0.38) and statistically more signifiq@ttat-value of 4.7). Apparently, the investment
behaviour of the larger pension funds is based more strongheayge-related life-cycle argument.
Weighting with thesquare rootof the number of participants as weight takes annmdrate position

for almost all coefficients.

Table 4 presents the estimation results for the non-lipegifEation of our model, based on the
average age @ctive participants (Equation (3)). Comparing these coefficiertfs tvose of Table 3,

based on the average ageabfparticipants, we observe that the former ‘active-age'fmbents have

& The coefficient would be -0.33 (withvalue 2.46) when all control variables are deleted.
° The Goldfeld-Quandt test indicates that the model’'srbsitedasticity does not increase with pension fund
size.
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a much larger (negative) magnitude and are statistically mach significant. In these alternative
estimations, the goodness of fiJfs also somewhat higher. If we would include the avesageof
both all participants and active participants, only thedatariable is significant (holding for both
weighted and unweighted regressions, not shown here). Inteaierage age of active participants
has been incorporated much more strongly in investmentioeihahan that of dormants or retired
participants. A one-year increase in the average agetiok participants is associated with a drop in
equity exposure of around 0.5 percentage point, depending ®esdant on the weighting scheme.
Our results are similar in direction but not in sizeh® findings of Gerber and Weber (2007, for
Switzerland) and Alestalo and Puttonen (2006, for Finlami(, find ‘active-age’ coefficients of,
respectively, -0.18% and -1.73%.

The impact of retirees and dormants is limited if fagteant. Only in the full weighting estimates of
Table 4 do we find a small reduction of the equity shar@énsion funds with relatively more retirees
or dormants. One percentage point more retireesesipli0.12 percentage point reduction in the
equity allocation, while one percentage point more dotsnamplies a 0.17 percentage point reduction
in the equity allocation. Note that the signs of theselilas and the larger value (taken absolutely) of
dormants compared to retirees are both in line with yh&dre absence of these effects in the
unweighted or limited weight model variants implies thay ¢he large pension funds incorporate
(parts of) the optimal equity allocation associated with-active participants. This is confirmed when
we drop, as a robustness test, the two largest pension(80%sof all participants): the two
dependency ratios drop to near or total insignificancel{sesat shown here). Remarkably, in that

case, the absolute value of the age effect increasherftint0.66.

Table 4. Impact of the average age @lctive participants on the strategic equity
allocation of pension funds (2007)

Unweighted SQRT weighting  Full weighting

coeff. t-value coeff. t-value coeff. t-value
Average age of active participants -0.44 -2.88 -0.52 -4.28 -0.56 -6.20
Share of retired participants 0.04 0.89 0.01 0.14 -0.12 -2.60
Share of dormants 0.09 2.09 0.03 0.62 -0.17 -4.73
Log of total number of participants 1.07 2.79 1.07 3.90 0.78 2.98
Funding ratio 0.20 6.89 0.23 8.41 0.27 9.46
Log of personal pension wealth 403 5.21 3.49 4.99 2.23 3.74
Dummy Defined benefit plans 0.37 0.10 3.80 1.08 6.00 1.27
Dummy Professional group funds 0.56 0.14 1.28 0.33 -0.95 -0.18
Dummy Industry-wide funds 0.37 0.18 -0.12 -0.08 0.89 0.60
Constant -5.02  -0.51 -3.59 -0.43 9.48 1.13
Adjusted B 0.21 0.32 0.52
Number of observations 378 378 378

We consider the results of Table 4 as the most convincingagstinboth from an economic point of

view (richer specification of the age-equity relationshipd atatistically (higher adjusted goodness of
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fit). The logarithms of the likelihoods of the models in Tabkre substantially higher than those of
Table 3. Likelihood ratio tests reject the Equation (2) madelble 3) in favour of the Equation (3)
models (Table 4)° Therefore, we take Equation (3) as our basic model spetiifin and Table 4 as
the most relevant estimates. Continuing with that madgelconclude that while pension funds do
incorporate the impact of their active participants’ aveegggeon the optimal investment portfolio in
their strategic allocation of pension wealth to @gsjtthey pay limited attention to the comparable

impact of retirees and dormants.

Turning to the other determinants of the equity allocatiohable 4, we observe that the effect of (the
logarithm of) size appears to be positive and sizeablé @ities around 1) which tallies with the
stylized fact that large pension funds invest more intggiihe marginal effect of size — number of
participants — on equity exposure depends on size itseftadits logarithmic specification. An
increase in the number of participants from 10 thousand tohbd8and is associated with an increase
of equity allocation by 2.5 percentage points. One reasgnbm that larger funds have a more
elabourated risk management function, an argument retatsmbnomies of scale. Another is that the
largest pension funds are of the industry-wide type, whiske hetter abilities to diversify risk over
time, that is, over generations. That is particularly &sienost of these funds are of the so called
mandatory type, that is, corporates in the respectiz®isare obliged to join. We measure size as the
total number of participants. The variable total assetsid be an alternative size measure but we
already included the per capita wealth which together thettotal number of participants reflects
total wealth. A drawback of total assets might bé tiig measure cannot safely be regarded as
exogenous, because high equity returns would — for pensionvitttoa high equity allocation —
enlarge both their size and their equity exposure. Thigistire important given that pension funds
do not constantly rebalance their asset portfoliosBsidesr, Broeders and De Dreu (2009). In a
robustness check (not shown here), we choose total assete agasure and use instrumental least

squares, but the size coefficient does not change muchemadihs significant!

Pension funds with higher funding ratios invest more in egbégause their buffers may absorb
mismatch risks. This is also forced by regulatioguieng that the probability of underfunding be less
than 2.5%, which enables better funded pension funds tartatesrisks. The coefficient of around
0.25 implies that an increase of the funding ratio by 1¥stagées into an increase of the equity

allocation of one quarter percentage point. Note thatuthgirig ratio does not suffer from

12 we take the difference in degrees of freedom intowaut as Equation (3) has two additional explanatory
variables compared to Equation (2). The test is nore fest on restrictions, as one explanatory variable
different: average age of all participaméssusaverage age of active participants. For this test wiedxthe
additional five observations in Table 3 (concerning penfsinds without active participants), so that we use the
same sample for both models.

1 Since size measured by total assets is highly edealwith size measured by total participants (0.87), the
latter may be considered as a relevant and valid instrtahvariable for the former.
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endogeneity problems, as the dependent variable is the strategfithe actual — equity allocation.
Indeed, the actual equity exposure would be affectedghsshock returns simultaneously increase
both the funding ratio and the equity allocation (at leasker ‘free-floating’). Because the strategic
equity allocation might nevertheless be adjusted to stauket developments, albeit gradually, we
alternatively lag the funding ratio (that is, take 2006 figuiresur robustness analyses, see Section 5.

As expected, the results turn out hardly different.

The coefficient of (the logarithm of) personal pensiomfireconsistently equals around 4 and is
statistically significant. The marginal effect of imcrease in personal wealth depends on its level, due
to the logarithmic specification. Starting from the avenggae of 81 thousand, an increase by one
standard deviation of 78 thousand is associated withcaease of stock allocation by 1.5 percentage
points. This confirms that pension funds having a highelttv@er participant invest relatively more

in equity, thereby accepting more risk, in line with esgations.

None of the dummy variables for types of pension plgmeosion fund carry a statistically significant
coefficient. Apparently, the incorporated model variablgdaen the differences in equity allocations

so well that no systematic differences remain adygess of pension plan or pension fund.

5. Robustness checks

The above specification rests on several assumptions megaetevant covariates, variable definition
and functional form. This section considers various dapss from the assumptions underlying this

regression.

Table 5. Alternative specifications of the weightedegression model as robustness tests (2007)

Strategic equity  Tobit regression: Strategic Actual equity

allocation (incl.  Equity exposure equity allocation

square age) (censored at 0f allocation

coeff. t-value coeff. t-value coeff. t-value coeff. t-value
Average age of active participants -0.58 -6.34 -0.56 -6.22 -0.38 -291 -0.42 -3.61
Ditto, squared 0.01 1.28
Share of retired participants -0.12 -2.61 -0.12 -2.62 -0.19 -3.53 -0.21 -4.38
Share of dormants -0.17 -4.85 -0.17 -475 -0.23 -5.17 -0.23 -5.79
Log of total number of participants  0.78 3.00 079 303 118 4.03 0.88 3.37
Funding ratio 0.27 9.23 0.27 9.50
Funding ratio, lagged (2006) 019 572 016 5.31
Log of personal pension wealth 235 391 222 376 186 264 237 384
Dummy Defined benefit plans 5.88 1.24 595 126 341 060 510 1.09
Dummy Professional group funds -1.44 -0.27 -0.91 -0.17 -0.95 -0.18 -14.23 -2.93
Dummy Industry-wide funds 0.91 0.62 0.90 0.62 0.89 0.60 -0.11 -0.07
Constant 10.72 1.28 9.35 1.13 9.48 1.13 24.16 2.49
Adjusted R 0.52 0.0¢' 0.43. 0.48
Number of observations 378 378 362 367

#There are four censored observations, that is, four otisersavith zero equity exposuﬁ?eExpressed as the deviation from
the average age of participants, allowing for edsterpretation of the coefficient$This is the pseudo’R
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In line with the literature, we have so far assumeckffext of the average age of active participants
on the equity allocation to be linear. However, Benzbril (2007) suggest that the relation between
age and equity exposure may be hump-shaped ratheirtban [They suggest that the age effect is
positive in the younger age cohorts, due to the positive longderrelation between capital returns
and return on human capital (that is, the wage ras)z@ni’'s age-equity relation reaches a maximum
around a certain point (seven years before retiremdta),vehich it is downward-sloping, as the long-
term correlation of wages and dividends loses relevanseanple but effective way to allow for a
non-linear relationship is the inclusion of a quadratic age e the regression, known as a second-
order Taylor-series expansion, approximating an unknown, morgleomelationship. The respective
weighted regression model shows that the signs of both afficieo¢s are not in line with the
assumption of Benzoeeit al. (2007) about the investment behaviour of pension funds (babhst
column), as the sign of the squared terms has the ‘wrang’ ldence, we find no support for

Benzoni's theory.

With regard to the dependent variable ‘strategic equiitgation’ several robustness checks may be
considered. A small number (4) of pension funds haveemuiy exposure. This runs counter to the
OLS assumption that the dependent variable is of a connuature. In practice, equity exposure is
censored at 0% and 100%. One may further argue that megimgzero equity allocation to a
positive fraction is an intrinsically different decisitiran raising an already positive equity exposure.
One way to address this is to omit zero observationsdoity, restricting attention to funds with
positive equity allocations. This does not alter the essafnbe results (not shown here). A more
elegant alternative approach is the Tobit model which tke&ind of censoring into account. Table
5, second column, reports the Tobit outcomes. The effegfechiad the other OLS results from Table

4 do not change substantially.

Shocks in equity prices affect the funding ratio, but asmesl in Section 4 they may also have a

certain impact on the strategic equity allocation, whmhia create an endogeneity problem. For this
reason we here lag the funding ratio, see the 3rd colufabile 5. Although the sample is somewhat
smaller, the results hardly change, particularly in teshsgnificance. The magnitude of the (lagged)

funding ratio coefficient is slightly smaller here tharthie unlagged regression.

The actual equity exposure of pension funds may differ franstrategic equity allocation where
pension funds do not constantly rebalance their portfolio stidek price changes. Bikker, Broeders
and De Dreu (2009) document that pension funds’ assets aeel ipddially free-floating, meaning
that their asset allocation is not constantly adjusAedstrategic asset allocation reflects the real

decision of the fund it is better suited for determiningsies-making and behaviour of pension
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funds. On the downside, however, this may affect comparawilityother studies, such as Alestalo
and Puttonen (2006) and Gerber and Weber (2007). Also, whi¢rtitegic asset allocation reflects
intention, it does not give actual behaviour. Table 5, right-ltahdnns, documents a regression
results for the actual stock allocation. To avoid endogengéyag the funding ratio by one year. Sign
and size of the coefficients hardly change, though trgnitade of the (lagged) funding ratio

coefficient is slightly smaller than it is in the otlregressions.

Finally, we also applied our model to the strategic bondatime instead of the strategic equity
allocation, where we expect a positive and not a negsitivefor the age dependency. The results (not
shown here) deviate as bonds are not exactly the complenmesuibf, due to other investment
categories. These estimates confirm the age-bond rekifiotise strategic bond exposure is

significantly higher when the average age of active participsumigher.

6. Conclusion

This paper addresses the effect of the average age of pensishparticipants on their strategic
equity allocation. Oufirst and key finding is that Dutch pension funds with higher ayelage of
their participants have significantly lower equity expostines pension funds with younger
participants. This negative age-dependent equity allocataynbe interpreted as an (implicit)
application of the optimal life-cycle saving and investing thedhe basic version of this theory
assumes a low correlation between wage growth and stockselt predicts that the vast amount of
human capital of the young have a strong impact on asseatdin because of risk diversification
considerations, as human capital has a different risfidgpthan financial capital. As the average
participant age varies mainly across pension funds, anty/twardot over time, the awareness of the
optimal age-equity relationship for pension funds, anchdsrporation in the strategic equity

allocation, is notable.

A second finding is that the average agadive participants has a much stronger impact on
investments than the average agalbparticipants. The age of retired and dormant particigants
hardly incorporated, if at all, in the investment pali€his is in line with the fact that the pension fund
boards are dominated by employers and employees and mairidg imterested in optimizing

expected benefits for active participants.

A third result is that the age effect is much strongéaiiger pension funds than in smaller funds.
Apparently, larger funds’ investment behaviour is moreipefcbased on the age-dependency from
the life-cycle hypothesis. A non-linear age effect allovantgump-shaped pattern, as suggested by

Benzoniet al. (2007), could not been confirmed. However, other factgrafsiantly influencing the
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strategic equity allocation are a pension fund’s size, ignditio, and average personal pension
wealth of participants, which all have positive coeffitseWVe do not observe any effect of pension

fund type or pension scheme type on funds’ equity exposure.

This research provides valuable insights for contempgaligy issues to do with the ageing of
society. As society grows older, pension funds willdbeir investment strategies to the needs of the
average active participant who will get older over timesThay result in a safer investment strategy.
According to the life-cycle saving and investing theoris thnot optimal for younger participants

with low-risk human capital, who will not be fully able atilize the diversification between human

and financial capital. At the same time, this policyymat be conservative enough for retirees, whose
interests are not weighted that heavily by the perfsiod boards. This leads to the recommendation
that it might be optimal for pension funds to replacea¥erage age-based policy by a cohort-specific

investment policy as has been suggested by Teulings andi€&e(2006) and Ponds (2008).
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