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Abstract in English

In the early 1990s, the Dutch social partners afjugmn transforming the generous and
actuarially unfair PAYG early retirement schemds iless generous and actuarially fair capital
funded schemes. The starting dates of the tranait@rrangements varied by industry sector. In
this study, we exploit the variation in startingefato estimate the causal impact of the policy
reform on early retirement behaviour. We use agdagministrative dataset, the Dutch Income
Panel 19892000, to estimate hazard rate models for earlyemagnt. We conclude that the
policy reform induced workers to postpone earlyreetent. Model simulations show that the
first phase of the transition has already led taegrage retirement postponement by 4 months
in the group of elderly workers investigated. Itllwecome about 9 months once the transition
is fully completed.

Key words: early retirement, intertemporal choice, duration analysis

JEL code: C41, D91, J26

Abstract in Dutch

In het begin van de jaren negentig besloten de Nmtise sociale partners de genereuze,
actuarieel niet-neutrale en omslaggefinancierdergegde uittredingsregelingen (VUT) om te
vormen tot minder genereuze, actuarieel neutralkapitaalgedekte prepensioen regelingen. De
ingangsdatum van de overgangsregeling varieethgdnijfstak. In deze studie gebruiken we de
variatie in de ingangsdata om het causale effattheshervorming te schatten. We gebruiken
een groot administratief databestand, het Inkonemedpnderzoek 1982000, om

duurmodellen voor vervroegde uittreding te schati&a concluderen dat door de herziening
werknemers vervroegde uittreding zijn gaan uitstelModelsimulaties laten zien dat de eerste
fase van de overgang al tot een uitstel van gerddtlenaanden heeft geleid in de onderzochte
groep van oudere werknemers. Dat uitstel zal geahidd maanden worden als de overgang is
voltooid.

Seekwoorden: vervroegde uittreding, intertemporele keuze, duurmodellen

Een uitgebreide Nederlandse samenvatting is bdsahikvia www.cpb.nl.






Contents

Summary

1 Introduction

2 Theory

2.1  Modelling the retirement decision

2.2 Early retirement schemes

3 Early retirement schemes in the Netherlands
3.1 VUT early retirement schemes

3.2 Pre-pension schemes

3.3 Transitional arrangements

4 Data

4.1 The IPO dataset

4.2 Sample size and measurement

5 Empirical strategy and results

5.1 Mixed proportional hazard rate model
5.2  Specification with dummy variables
5.3  Specification with financial variables
5.4 Goodness of fit

5.5  Simulation results

6 Conclusion

References

11
11
14

17
17
18
19

23
23
24

27
27
29
31
34
37

39

41






Summary

Although the Dutch labour force participation rafeelderly has risen in the last fifteen years, it
is still low compared to other western countriglsisTlow participation rate has become an
important policy issue in the Netherlands, becaubead base of tax payers is necessary to
bear the financial consequences of population gg€lne of the reasons for the low
participation rate of elderly was the generositgafly retirement schemes. Already in the early
1990s the Dutch social partners (unions and emplaggnisations) recognised the adverse
incentive effects of the prevailing early retiremnschemes. They decided to transform the
generous and actuarially unfair pay-as-you-go (PA¥€&hemes into less generous and
actuarially fair capital funded schemes. The sigrdates of the transitional arrangements
varied by industry sector. In this study we explbé variation in starting dates to estimate the
causal impact of the reform on early retirementavébur.

The first workers to face new early retirement gbods were the participants of the pension
fund for civil servants (ABP). Under the new schem&oduced in April 1997, employees can
retire at a much younger age. The actuarial adgstsin the new scheme however reward the
postponement of early retirement with a higher eghent early retirement allowance, thus
removing part of the high implicit tax rate of tharlier scheme (a ‘price’ effect). Furthermore,
the new scheme has a lower replacement rate swthkérs have less financial resources for
the purchase of leisure (a ‘wealth’ effect). Byngsemployees of a selection of other industry
sectors as a control group we are able to estitnatdich extent the changes in the schemes
have affected the early retirement decision.

The dataset we use for the empirical part of aunlystthe Dutch Income Panel 198900, is
based on administrative records of the Dutch Natidgmax Office. It contains industry sector
codes, which allow us to merge the individual daith information about eligibility ages for
early retirement and replacement rates from calledabour agreements. We select a
subsample of 2937 individuals. Using this samplesgigmate mixed proportional hazard rate
models to describe the duration of employment afteer 55. We estimate the baseline hazard
semi-parametrically and allow for unobserved hegeneity. Three different specifications of
the model are considered. In the first specificatiee use dummy variables representing the
reform to estimate the average impact of the refénrthe other two specifications we use the
peak and option value of early retirement respebtito represent the reward to postponement
of early retirement. We additionally use earlynatient and pension wealth to represent the
loss due to lower replacement rates in the newrsehgVhile the first specification is rather
robust to measurement error as it needs few asgumspin exact individual early retirement
and pension rights, the other two specificatiomsless robust but disentangle the importance of

the different financial incentives at work.



The results of all three specifications indicat& thanges in early retirement schemes affect
retirement behaviour significantly. The last twesifications reveal that both ‘price’ and
‘wealth’ effects matter. Goodness-of-fit tests shbat the specification with the dummy
variables outperforms the other two specificatiartgerefore we use this model to simulate the
effect of the policy reform. These model simulati@mow that the first phase of the transition
has already led to an average retirement postpantdmgel months in the group of elderly

workers investigated. It will become about 9 morghse the transition is fully completed.



Introductionl

The Dutch labour force participation rate of elglésl low compared to other western countries.
In 1990 the employment-to-population ratio for &geto 64 was 29.7 percent (OECD, 2005).
Partly due to the favourable economic circumstamatéise end of the 1990s this rate increased
to 46.6 percent in 2004, but still remained belber®ECD average. Although population
ageing is less dramatic for the Netherlands thamfany other countries, and although the
capital funding of the occupational pensions make<Dutch economy less vulnerable to
ageing altogether, the low participation rate befithe mandatory retirement age of 65 is an
important policy issue. As a broad base of tax paigenecessary to bear the financial
consequences of population ageing, increasingath@ur force participation of the elderly has
become an important policy issue in the Netherlands it is in many other countries.

In the early 1990s the Dutch social partners (uimd employer organisations) recognised the
adverse incentive effects of the prevailing eaglirement schemes. They decided to transform
the generous and actuarially unfair pay-as-youRf®Y(G) schemes into less generous and
actuarially fair capital funded schenfeBhe starting dates of the transitional arrangement
varied by industry sector. In this study we explbis variation in starting dates to estimate the
causal impact of the reform on early retirementavébur. Starting April 1, 1997, the
participants of the pension fund for civil servafA8P) were the first to face new early
retirement conditions. By using employees of acti&a of other industry sectors as a control
group we are able to estimate to which extent fifedrincentives affect the (early) retirement

decision.

The transitional arrangements to the new actugrail schemes cause major changes in the
early retirement rights. First of all, employees catire at a much younger age under the new
schemes. The actuarial adjustments in the new sehblowever introduce a ‘price effect’: in
case an employee retires at young age he indeadipayfair’ price for leisure, while under the
old scheme its price was virtually zero. Or statéférently, in case an employee postpones
early retirement he gets rewarded with a ‘fair’ wagstead of being subject to a high implicit
tax rate. Secondly, the new schemes entail lovatye@etirement wealth’, i.e. less financial
resources for the purchase of leisure. This ‘inceffiect’ or ‘wealth effect’ potentially leads to
a postponement of early retirement.

! The authors thank Statistics Netherlands for providing the data. The authors thank Arthur van Soest, Marcel Kerkhofs,
Bernd Fitzenberger, Peter Kooiman, Arie Kapteyn, Gerard van den Berg, Martijn van de Ven, Jaap Abbring, and participants
of the ESPE 2005, IZA Summer School 2005, 6th RTN Conference on the Economics of Ageing in Europe, ESWC 2005,
EEA 2005, ESSLE 2005, and seminars in Amsterdam and The Hague for valuable comments and discussions.

2 In Dutch, the old schemes are called VUT schemes (VUT is the Dutch acronym for early retirement), while the new
schemes are called Pre-pension schemes.



Many studies on the labour force participationldedy have demonstrated that financial
incentives are important for individual retireméethaviour. Gruber and Wise (1999, 2004)
conclude this on the basis of country studies uaidgcounted measure for future social
security and pension incomes. Within this projB¢trsch-Supamt al. (2004) reach the
conclusion using the German Socio-Economic Parnehdgll et al. (2004) using the UK
Retirement Survey, and De Vos and Kapteyn (200#hguse Dutch Socio-Economic Panel.
Using an alternative data source, the Dutch Re@rgrSurvey (CERRA), Kerkhoft al.
(1999) conclude that financial incentives are intpot for early retirement and to a lesser
extent for alternative early retirement routes likeemployment and disability insurance.
However, on the basis of the same data Heyma (201dludes that the importance of
financial incentives is limited for the differerdity retirement routes. In an overview article
that is mostly based on US evidence, LumsdaineMitahell (1999) conclude that the impact
of financial incentives on early retirement is imiamt, but that not more than half of the
observed variation in retirement patterns in thedd® be explained from these financial

incentives.

In this study we are able to estimate the caugahanof the early retirement reform by
exploiting the variation in starting dates of thersitional arrangements. It is important to note
that although the reform could be foreseen, itd@¢mdt be evaded by the individual worker so
that so-called anticipation effects do not hamperamalysis. Every age-cohort faced a pre-
determined transitional arrangement in which naviddal worker had the possibility to retire
with the old scheme before the new scheme becamere for this worker. The dataset we use
for the empirical part of our study, the Dutch ImePanel 1982000, is based on
administrative records of the Dutch National Tafi€af Estimating hazard rate models for
early retirement we find that the policy reform ilcgs workers to postpone early retirement.
Model simulations show that the first phase oftth@sition has already led to an average
retirement postponement by 4 months in the growgldsrly workers investigated, and
simulations indicate that this will become aboum@nths once the transition is fully completed.

In section 2 we address theoretical issues withereso the retirement decisions of individuals.
Early retirement schemes in the Netherlands ariewsd in section 3. Section 4 discusses the
data, while section 5 presents the estimation tgdoigether with micro-simulations based on

our best performing model. Section 6 concludes.
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2.1

Theory
Modelling the retirement decision

The ‘standard’ textbook model assumes that indafislmaximise their expected lifetime utility
subject to a lifetime budget constraint. Consumpf{®) and leisurel() are the choice variables
in this problem, the latter including the time spierretirement. The individual's optimal
retirement date is implicit in the leisure timeaind is thus an outcome of the optimisation
process. Denote the utility function by the level of assets @ the individual discount rate
by p, wage byw (when full-time employed), and the interest rage dntroducing dynamics
through time subscripts for agjea basic version of the inter-temporal model is

(2.1a)W(A) = maxe, [U¢(Cy, Lp) + @+ ) *W(AL)]
(2.1b) Ay = L+ ) A +w (- L) -C;

HereW s the value function, arig takes the expectation at timeTaking expectations at the
right hand side of (2.1a) allows for randomness in thdahe.g. stochastic future wages. The
most important derivations from this dynamic prograngmmodel (DP model) are the Euler
equations which determine the optimal time paths for batisuumption and leisure. Explicit
solutions for the time paths do not exist unless someatést assumptions are made about the
functional form of the utility function. A common — ofteealistic — assumption is thatan

take on only two values, corresponding with either retieind. = 1) or continued workl(= 0),
and that retirement is irreversible. As a consequence of gusngsion, theretirement age
contains sufficient information to reconstruct the optire@ure time pathy,... L. Denote the
retrement age bR, maximum age by, and the discount factor for agéy fq:= (1+p) .

Then (2.1) implies that immediate retirement is optimal iff

.
= c??z)i){;ﬂ“US(CSl)} g
(22) R-1 T
E| max {us(ct 0) + Zﬂgus(cs,owz,egus(csl)}

s=t+1 s=R

i.e. the expected lifetime utility given immediastirement is higher than the expected lifetime
utility given at least one extra period of contidweork.

Several authors have estimated a parameterisdti@i?), including generalised versions for
households, and taking into account health, anddity constraints (e.g., Van der Klaauw and
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Wolpin, 2003; Blau, 2004; French, 2005; Gustman @r&inmeier, 2005). However, this
approach is computationally very demanding, ancefoee simplifying assumptions are often
made. Rust (1989), Rust and Phelan (1997) and HE®) assume that households cannot
borrow or save. This last assumption is equivaieissuming that consumption at any time
equals incomé, at timet. Hence, an important simplification of (2.2) isviate it in terms of
some indirect utility functiof¥ rather than the direct utility functids, so that the decision to
retire at age follows

T T
(2.3) Et[zlgstvs(Ys |t)] > E Freﬂg(t{vt (% [R)+ ZIBSIVS(YS | R)}

s=t s=t+1

whereV(:R) denotes indirect utility conditional on retireni@n ageR. This specification is
easier to use in practice as individual income aseneasily observed than consumption and
savings decisions.

In the option value model (Stock and Wise, 199@&0b) rather than maximising expected
lifetime utility (or indirect utility) an agent cluses the retirement date for which the expected
utility is at its maximum, i.e. immediate retiremémnoptimal iff

T T
(2.4) > B4EVs(Ys|t) > Fg_ngt{vt Y; IR+ > BeEVs(Ys| R)}

Ss=t s=t+l

In comparison with (2.3) the max and expectatioarators are interchanged. Equivalence
between the two equations is only achievedTt i.e. there is only one period to make a choice
for. As Stock and Wise note, the expected valubd®imaximum of a set of random variables is
larger than the maximum of their expected valued,thus the option value of continued work
is necessarily smaller than would be implied by@ferule in (2.2). An alternative version of
(2.4)is

T T
(2.5) G(t) = QF@:{V( Y IR+ D B ErVs(Ys| R)} -2 BaEVs(Ys ) <0

s=t+l s=t

whereG(t) is the option value of continued work, i.e. aai@ge value corresponds to
immediate retirement being the optimal decisiothefindividual. In words, the option value
gives the difference between the utility from deldyptimal retirement and immediate
retirement. Denote bBy(R) the amount of cash flow to or from the pensiomdfiat ages given
retirement ag® A common specification for the expected indingtdity function is

12



y .
(2.6) EVs(Ys IR = {“S‘[WS] , o<k
04[kBs(R)]” if s=R
whereoy is the conditional survival probability (of reanbiages conditional on having
reached ag8, y is the risk aversion parameter dakpresents the relative valuation of leisure.

In their econometric specification Stock and Wis890a; 1990b) allow for individual specific
random effects in both wage and retirement incdtimavever, only very few authors have
succeeded in estimating the full-fledged Optioniéainodel as originally specified by Stock
and Wise. Instead, most applications based on (@&}he variabl&(t) in a reduced form
context. The most common application is to fix plagameters, k, andp at some given values,
and letG(t) enter as a linear regressor in a Probit modgl,(8amwick, 1998; Borsch-Supan,
2000; Berkel and Bérsch-Supan, 2003; Asch et 805 This is equivalent to estimating the
full option value model with fixed parameters, alelerministic wages and retirement income
(Lumsdaine et al., 1992). Several authors havetigmes! whether going from the full DP
model to the OV model in (2.5) should be regarded aimplification, as the latter might as
well be a more ‘realistic’ alternative to descrthe individual's retirement behaviour.
Lumsdaine et al. (1992) conclude that the DP maddlthe OV model perform equally well in
explaining and predicting the retirement behavimfundividuals. In a different context (viz. the
application for SSDI benefits in the United Stat&s)rkhauser et al. (2003) even conclude that
the OV model outperforms the DP model.

Coile and Gruber (2000) note that a potential deokiof the option value measure is that it is

a function of future wages, and the latter may b&agr source of variation across individuals.
This implies that the researcher who is interestedentifying the behavioural effects induced
by the early retirement scheme may find that thei©Mr a large part measuring the effects of
income dispersion rather than the effects he &désted in. Furthermore, this approach does not
allow for estimating the separate effects of défer(complementary) pension schemes. As an
alternative the authors propose making use ofghak value’, which is defined as

T T
(2.7) H(t):= max. 3" B4 B Bs(R) = X B EBs (1)
RR o=t s=t
In words, the peak value is the difference betwetal discounted pension wealth at its
maximum expected value and its value if retirenomeurs immediately. As discussed in

® The values at which the parameters are fixed in the mentioned references are between 0.75 and 1.00 for y (risk aversion
up to risk neutrality); between 0.03 and 0.05 for p (discount rate between 3 and 5%); and between 1.5 and 3.1 for k. Note
that none of these ranges is in accordance with the ‘original’ estimates (y=0.63; 6=0.78; k=1.25) of the full option value
model obtained by Stock and Wise (1990a).
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2.2

Samwick (2001), the peak value is the same asgtierovalue under the assumptions that
future wages do not affect the optimal retiremeyat, avorkers are not risk aversel), and
income in retirement has the same utility valuemasme before retiremenk<1). The peak
value is usually not applied in a decision rulersas (2.2)-(2.5). More often the peak value
(with fixed discount rate) is used as an explanatariable in a reduced form probit model, just
like the option value (with fixed parameters), e@pile and Gruber, 2000, Asch et al., 2005.

Early retirement schemes

From the viewpoint of the individual, early retirent schemes can be characterised by only a
few parameters. In the first place, individualdifiihg certain eligibility conditions qualify for

a certain amount of ‘pension wealt’at a given ag®. The eligibility conditions usually
include an employment constraint, and often wostdny requirements. The latter is obviously
a natural condition in the case of capital fundetesnes. Secondly, retirement at a higher age
thant, alters pension wealth lgy at timet (t > tg). We definep, here as thaet increment in
pension wealth as a result of an additional yeavark at age. Values forp, may both be
positive or negative, and are likely to be closedm in case of an actuarially fair early
retirement schemie.

Both ‘pension wealthP and the net increment in pension wegitmay be important for early
retirement behaviour. The importance of these begadoes not obviously follow from the
models of the previous subsection. The DP modetiahtion (2.2) does not lead to explicit
expressions for the ‘wealth’ and ‘price’ effectsluced byP andp, respectively. The effects

are more easy to understand within the option valadel of equation (2.5) and the peak value
model of equation (2.7). We will illustrate thisttvitwo simple hypothetical early retirement
schemes: one flat rate early retirement schemepa@dctuarially fair schenie.

We consider the individual’'s behaviour in the emteecase of a flat rate early retirement
scheme with eligibility agé,. That is, the replacement rate — pension incongefesction of
labour incom&— does not depend on retirement age, and alwayssrg. Note this scheme is
highly actuarially unfair. Assume that the wagefiled w} is unaffected by characteristics of
the early retirement scheme and the individualisrtg of retirement. In this scheme, pension

wealth at eligibility age simply equals benefitsmes the number of time periods until old-age

4 Even for an actuarially fair early retirement scheme, p; may however deviate from zero if the individual's discount rate is not
equal to the discount rate employed by the pension fund. This discussion will be pursued at the end of this section.

® For ease of exposition, we only focus on early retirement benefits in this section. In the empirical analysis (see section 5)
we also take into account the old-age pension benefits.

® Several definitions for ‘labour income’ are used in practice; e.g. the ‘final pay’ system uses the last observed labour
income, while ‘average pay’ uses the lifetime average labour income. In the following we will assume a final pay scheme, but
results can be easily generalised to an average pay scheme or combinations of both types of schemes.

14



pensiortimes a discount factor. Denoting Ihythe age at which the old-age pension starts, and
by B¢ := (1+p) " the individual’s discount factor for agewe thus have

tp-1
(2.8) Pa= D By, TaW, -1 = Braw, 1

s=tp

where some composite discount faghois used on the right-hand side. Furthermore,atisily
checked that retirement after the eligibility agseuits in a loss in pension wealth. To be precise,

fort>t, we have

tp—1 tp—1 tp—1
2.9) P = ) Ba'aW = D Bl aWeg = ~TaWeg + > BT a(We —Wyq)
' s=t+1 s=t s=t+l

=T AW + B a(Wp —Weq)

where again some composite individual discounbfgBis used. Hence for a nearly constant

wage rate, i.ew;~= w1, we have

This last equation clearly shows that in a flaé stheme the implicit tax on continued work
simply equals a year’s early retirement benefitahe more general case of non-constant wages
in (2.9) an extra term is added representing piategains (losses) stemming from the fact that
early retirement benefits are based on the lastrobd wage rate. That is, individuals with a

still increasing wage profile experience a sligtdiyer disincentive to continue working.

The option value measut) of equation (2.5) discounts the losses due tdutiee implicit
taxes on continued work and takes into accountpi@lduture changes in wages. The peak
value measurkl(t) in equation (2.7) does not take the potentialfeichanges in wages into
account and can be directly computed from (2.94pdr0),

{t,...tp} s=t

-1
(2.11) H(t) = max {Zps}

Clearly, for the current case of a flat rate eaeljrement scheme the optimal timing of
retirement’ equals the current timefor whichH(t)=0.

Next, assume that the pension fund adjusts repkagerates according to some discount factor
d, so that from its own viewpoint the scheme is agally fair and pension wealth remains

15



constant over time. Denoting Ibythe replacement rate given that the (early) netinet age is,
and definingyg := (1+9) Y, we have

tp-1 tp-1
s=t+l s=t

which after some rearrangement gives

tp-1

(2.13) leWi—1 :( Z”st-](rﬁlwt — W)

s=t+1

=7t (FaaWe = Mg We—1)

There is some empirical evidence suggesting thahportant share of individuals do have a
discount rate which is significantly higher thaatthised by pension funds (Samwick, 1998;
Gustman and Steinmeier, 2005). For this reasom ievthe case of actuarial fairness from the
viewpoint of the pension fund, pension wedtmay not be constant over all retirement ages,
and the net increment in retirement wegltinay not be equal to zero. Hence, we write the net

increment as

tp-1 tp-1
Pt = D BalsaW — ) BfiWig
(2. 1 4) s=t+1 s=t
tp-1
=TWig z Bt (raaWe = reWe—1)
s=t+1

Finally, substituting (2.13) in (2.14) and rearriaugpgives
J£f

2.15 = — =1 We_q.

(2.15) py (ﬁt tWe-1

Hence, if the individual discount factor precisetyuals the discount factor used by the pension
fund (p=0), thenp=0 for allt>t,, which is equivalent to stating that the pensicimesne is
actuarially neutral. In this case, the peak valyeaés zeroH(t) = O, but the option value
measurés(t) still depends on future wages. The latter isigedg in line with the earlier
mentioned criticism of Coile and Gruber (2000). Haoer, if the individual discount rate
exceeds the discount rate of the pension fund,glaer.erally,l?t <7, so thap<0 andH,<0.
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3.1

Early retirement schemes in the Netherlands

The Dutch pension system consists of both old-&gsipn provisions and early retirement
schemes. The statutory old-age pension age isr6b that age on all Dutch inhabitants are
entitled to a state pension. In addition most eygxg are entitled to a supplementary
occupational pensiohBefore age 65 early retirement schemes apply.

Early retirement schemes have started since thesevidnties of the past century. The first
schemes, the so-called VUT schemes, operated a&R4&Stems in which the working
population pays for the retirement of early retiteEhe schemes were favourable for older
workers as the eligibility conditions were rathedldmin the nineties of the past century
concerns grew about the adverse incentive effextstee long run financial sustainability of the
prevailing VUT schemes. A general agreement wachezhbetween thecial partners (trade
unions and employer organisations) and the govemhtoeeform the system. The PAYG-
based VUT schemes were gradually replaced by ¢édpitded pre-pension (PP) schemes.
These schemes imply actuarial adjustments acréfesetit retirement ages and lower early
retirement wealth.

In the Netherlands, early retirement rules are tiatgal upon between unions and employer
organisations at the sectoral level of industrygétber with the other terms of employment, the
early retirement rules are laid down in the collectabour agreement (CAQ's). The
implementation of the rules is the responsibilitypension funds and insurance companies,
whereby large sectors of industry as well as a rrmblarge enterprises have their own
pension fund. In most cases early retirement besnafeconditionally indexed, that is, ER
benefits are indexed with respect to both the fioffarate and the development of contractual
wages, conditional on the pension fund’s finansiatus® While computing a financial

incentive measure in later sections we will asstutténdexation of ER benefits, which is a
realistic assumption for the period under consititemg1989-2000).

VUT early retirement schemes

From the late seventies on, 'VUT early retiremefitesnes’ were agreed upon in many
collective agreements and consequently installedany sectors of industry. The eligibility age
was decreased several times in most sectors dhd and of the eighties it was equal to 60 or
61 for the majority of the employees. The schemexewa shared responsibility of the social
partners, and were facilitated by the governmenaiutph a favourable tax treatment: pension
premiums were deductible from the worker’s grogargawhile VUT benefits were being

” See Bovenberg and Meijdam (1999) for details on the Dutch old-age pension system.
® The same applies to occupational old-age pensions.
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3.2

taxed as if they were a regular source of income  the progressive tax system the tax
advantage was considerable (Kooinetal., 2004).

The financial conditions of VUT schemes were faadile for older workers: gross benefits
equalled up to 80% of the last earned gross wagkokl-age pension entitlements continued to
grow as if retirees kept on working. To qualify farly retirement through the VUT scheme, a
worker needed to reach the eligibility age and eddd be working in a sector or firm for at
least 10 years. The schemes did not contain amga@ak adjustments: the benefit level was not
adjusted in case a worker decided to postponenatint. And in case a worker decided to retire
before the eligibility age the worker did not raeean early retirement benefit at all. This
clearly gave a great incentive to retire at exattibyeligibility age. This is well documented in,
e.g., Lindeboom (1998) and Kapteyn and de Vos (L1999

Pre-pension schemes

From the mid-nineties on, the VUT early retiremscttemes are being replaced by pre-pension
(PP) schemes. The capital funded PP schemes éeetiva (mandatory) savings arrangements
in which workers make savings for their own eadiirement. A major difference between the
VUT and PP schemes is the funding which changed #&YG to capital funding. From the
point of view of the individual worker, the fundiinghowever hardly relevant (except that he
may be concerned about the long-run financial suwebdity of the early retirement scheme), as
he is mainly interested in the financial conseqesraf the choices he is able to make.

Under the PP scheme, an employee is eligible &iviag the maximum benefit only if he has
contributed to a PP scheme for 35 or 40 years,nikpg on the exact regulations of the
pension scheme. If the employee has a shorter gmplat history, then the early retirement
benefits will be lowepro rata. A further difference between both schemes isttaearly
retirement wealth is considerably lower in the rsmlveme. In a sample of 105 collective labour
agreements, the Labour Inspectorate (2004) finatsinhmost collective labour agreements the
gross replacement rate at a given retirement agedeereased by at least 10%-points. Another
‘wealth effect’ is that old age pension rights noder continued to increase during early
retirement, as was the case under the VUT schemes.

An important ‘price effect’ is caused by the intuotion of actuarial adjustments into the PP
scheme. Compared to the VUT scheme, where the gpiriegsure was nearly zero (compare eq.
(2.10)), this implies that the price of leisure hasn substantially. Most PP schemes are
actuarially fair and allow taking up early retiremenefits before the old VUT eligibility age.
That is, actuarially fair adjustments are made bothigher and lower retirement ages. This
aspect may induce employees to retire either befoedter the former VUT eligibility age.
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3.3

Transitional arrangements

To smooth the transition from VUT to PP transitiosaangements were introduced. These
transitional arrangements were partly financed Ay ® and partly by capital funding and they
guaranteed older workers a specific scheme of cepiant rates. In practice, this meant that
most older workers continued to face early retinelhagrangements that were close to the old
VUT schemes. An exception was the pension funduviifservants (ABP), which started
reforming their early retirement schemes relativedyly, and introduced some actuarial
adjustments into their schemes from 1997 on. Gaivants who retired after April 1, 1997 and
who were born before April 1, 1942 faced a replaaannate of 59% at age 60, while those who
were born later receive 55%. This contrasts comatitifrom before April 1992, when 80% was
received at this age (or, for civil servants emptbpy local governments this replacement rate
was even received at age 59).

Table 3.1 shows the replacement rates in the VWi€rses and the transitional arrangements of
six pension funds for the period 1989-2000. For fmnsion funds, the early retirement
replacement rates have not changed during thieghdfor some pension funds the transition
officially started during the period, but the triiofial arrangement guaranteed the same
replacement rate as in the old VUT scheme. Nortkeeopension funds in table 3.1 has a
transitional arrangement which is completely agaligrfair, so that postponement of

retirement until the age of 65 was still discoudigehe pension fund ABP has an actuarially
fair scheme, but only until the age of 1.

Workers build up a complete old-age pension byrdmuting 35 or 40 years to a pension fund.
Under the old VUT schemes, early retirees contirtodaliild up old-age pension rights. Under
the PP schemes this is no longer the case, imptiieitgmost early retirees are not able to build
up a complete old-age pension. Table 3.2 repottsigé pension replacement rates for a
worker that would receive a complete old-age pensicase he works until age 65. The old-
age pension replacement rates are relevant fotraatiag the financial incentive measures
discussed in section 2. Note that the low replacemates for the catering and cleaning

industries do not necessarily imply lower pensienddits, as the franchise equals z8ro.

® This changed in 2003 (not shown in the table). In that year ABP finished the transition by introducing a scheme that was
actuarially fair and provided a replacement rate of 70% at age 62.

0 A zero franchise together with a replacement rate of 19% implies that an individual receives 19% of his last earned wage
income plus a state pension. With a nonzero franchise, the individual only receives an ‘additional’ pension benefit if his
(past) wage income exceeds a certain threshold level. ‘Additional’ here means ‘supplementary to the state pension’. Thus,
the first case in general leads to higher pension benefits for lower incomes.
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Table 3.1 Early retirement replacement rates for 6 selected pension funds, 1989-2000 a

Date of retirement Date of birth Retirement age
55 56 57 58 59 60 61 62 63 64

ABP (national government, education)

< April 1, 1992 0% 0% 0% 0% 0% 80% 80% 80% 80% 80%
April 1992 — April 1993 0% 0% 0% 0% 0% 0% 80% 80% 80% 80%
May 1993 — March 1997 0% 0% 0% 0% 0% 0% 75% 75% 75% 75%
= April 1, 1997 < April 1, 1942 27% 30% 35% 40% 48% 59% 75% 75% 75% 75%

= April 1, 1942 25% 28% 32% 38% 45% 55% 70% 70% 70% 70%

ABP (local government)

<June 1, 1993 0% 0% 0% 0% 80% 80% 80% 80% 80% 80%
June 1993 — Dec. 1994 0% 0% 0% 0% 75% 75% 75% 75% 75% 75%
Jan. 1995 — March 1997 0% 0% 0% 0% 0% 75% 75% 75% 75% 75%
= April 1, 1997 < April 1, 1942 27% 30% 35% 40% 48% 59% 75% 75% 75% 75%

= April, 1 1942 25% 28% 32% 38% 45% 55% 70% 70% 70% 70%

PGGM (health care)

< January 1, 1999 0% 0% 0% 0% 0% 80% 80% 80% 80% 80%
= January 1, 1999 in 1939 - - - - 40% 80% 80% 80% 80% 80%
in 1940 - - - 40% 40% T9% T79% T79% T79% T79%
in 1941 - - 0% 39% 39% 78% T78% 78% 78% 78%
in 1942 - 0% 0% 39% 39% T77% T7% T77% T7% T7%
in 1943 0% 0% 0% 38% 38% 76% 76% 76% 76% 76%
in 1944 0% 0% 0% 38% 38% 75% 75% 75% T75% 75%

TPG/KPN (post/telecom)
Full period 0% 0% 0% 0% 0% 0% 80% 80% 80% 80%

BPL (agriculture)
Full periodb 0% 0% 0% 0% 80% 80% 80% 80% 80% 80%

PHC (catering industry)
Full period 0% 0% 0% 80% 80% 80% 80% 80% 80% 80%

BPSG (cleaning industry)
Full periodb 0% 0% 0% 0% 0% 80% 80% 80% 80% 80%

aWe select pension funds for which (i) workers can be identified on the basis of their industrial sector code (SBI), and (ii) for which we
are able to construct the early retirement replacement rates. Arrangements for workers aged between 55 and 65, workers born after 1945
are not considered. Replacement rates are constant over time from the moment of early retirement until age 65.

Although not shown here, both BPL and BPSG changed their schemes between 1989 and 2000. However, these changes did not affect
any person in the dataset that we will use. Therefore these changes are irrelevant for our study.
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Table 3.2

Date of retirement Franchiseb

Retirement age

55

ABP (national government, education)

< April 1, 1992 15 250°
April 1992 — March 1997 15 250°
= April 1, 1997 15 250°
ABP (local government)

< January 1, 1995 15 250°
Jan. 1995 — March 1997 15 250°
> April 1, 1997 15 250°
PGGM (health care)

Full period 13 580°
TPG/KPN (post/telecom)

Full period 15 881°
BPL (agriculture)

Full period 13 739°
PHC (catering industry)

Full period 0o°
BPSG (cleaning industry)

Full period o°

a
See note a in table 3.1.
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10%
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60%
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60%

70%
60%
60%

60%

60%

70%

19%

10%

60

70%
61%
61%

70%
70%
61%

70%

61%

70%

19%

12%

61

70%
70%
63%

70%
70%
63%

70%

70%

70%

19%
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62

70%
70%
65%

70%
70%
65%

70%

70%

70%

19%

12%

63

70%
70%
67%

70%
70%
67%

70%

70%

70%

19%

12%

64

70%
70%
68%

70%
70%
68%

70%

70%

70%

19%

12%

65

70%
70%
70%

70%
70%
70%

70%

70%

70%

19%

12%

The franchise serves as a threshold in the calculation of the supplementary occupational pension benefits. Individuals only build up old-

age pension if their wage exceeds the franchise. In this way pension funds take into account the state pension that individuals receive.

C

*n 2004
In 2003

© In 2002
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4.1

Data

The IPO dataset

The data for this study are drawn from the Dutaloime Panell itkomens Panel Onderzoek,

IPO) 19892000, which is a one percent sample of income iést@f registered citizens of the
Netherlands with at least one registration durimgX2-year period. Our selected subsample
consists of observations on 2,937 individuals wteoeamployed at their 55th birthday in one of
six selected sectors of industry, and not livinganaitfare, unemployment insurance or disability
insurance at this initial age. We observe theswihahls from their 55th birthday on.

The IPO dataset is drawn from registers made dlailay the Dutch National Tax Office and is
administrated by Statistics Netherlands (CBS)otalf the dataset contains about 75 thousand
individuals per year. The dataset contains indigigthat are included in the Dutch municipal
registers. Attrition occurs only because of migmator death, or because of permanently
moving to an institution (like a nursing home grrgson). New individuals are added to the
sample every year to compensate for the loss irbeusrof observations because of attrition.

The IPO dataset is particularly suitable for stadyearly retirement behaviour. Besides its
accuracy, an important advantage is the long tieme@ over which we observe individuals.
Furthermore, the dataset contains industry secides (SBI74, SBI93), which allows us to
merge the individual data with information fromlegtive labour agreements (CAQ’s),
including information on institutional early retimrent ages and gross replacement rates. The
dataset has some disadvantages as well, as thi ofitdal registers lack information on
education, health and pension wealth.

As the information on pension and early retiremarangements is crucial for our study, we
need to select sectors of industry that match &aml only one collective agreement on the
four-digit level code for the industry sector. Eathihese sectors has a pension fund which
carries out the pension and early retirement réiguls. Table 3.1 contains the pension funds
that we selected for this studyThe resulting dataset contains 2937 individudisytich 1232
are participating in the ABP (government), 741ha ABP (education), 445 in the PGGM
(health care), 224 in the TPG/KPN (post/telecont) 295 in one of the smaller pension funds.
Unfortunately, we cannot use the exact classificatif tables 3.1 and 3.2 as the industry sector
codes do not allow us to differentiate betweenomati and local government. In the empirical
analysis (see section 5) we will therefore assuraedach worker is part of the national
government with a given probability.

 The selected pension funds cover about 40% of all employees aged between 25 and 65.
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Our sample of individuals which are employed at 3geontains mainly men, only 22% of the
sample is female (table 4.1). The low share of woigén line with the low employment rate of
Dutch women in this cohort; later cohorts of wonhawe substantially higher employment
rates. The pension fund PGGM (health care) hasubthé largest proportion of women. Only
few individuals are single at age 55, while theivigiials have on average 0.17 children under
the age of 18.

As can be read from the table, the individualstinsample have relatively high incomes and
are relatively wealthy. This is in line with thegpailing system of seniority wages and the
principles of the life cycle model (see sectionrggpectively. About 71% earns more than the
Dutch median income. In particular, the particiganitthe ABP (government and education)
and TPG/KPN (post, telecom) have relatively higtobmes. Despite the relatively small
number of participants of the PGGM (health carghwihigh income, the housing value and
mortgage debt is relatively high. This may be duthe rather heterogeneous group of
participants with nursing personnel on the one temtimedical personnel on the other hand.

Table 4.1 Sample statistics of participants of 6 selected pension funds at age 55, 1989-2000
ABP(gov) ABP(edu) PGGM TPG/KPN BPL PHC BPSG Total
Observations 1232 741 445 224 172 71 52 2937

Individual characteristics

Dummy women 0.13 0.26 0.50 0.12 0.10 0.24 0.31 0.22
Dummy single 0.09 0.09 0.14 0.04 0.07 0.10 0.12 0.09
Dummy children (<18y) 0.12 0.23 0.16 0.16 0.31 0.25 0.31 0.17

Financial characteristics

Wage (1000s of euros) 42.00 48.37 36.87 34.51 34.90 37.95 28.30 41.50
Dummy high income® 0.75 0.81 0.54 0.79 0.53 0.58 0.42 0.71
Value houseb 1.65 2.00 2.02 2.05 1.75 1.14 0.89 1.76
Value mortgageb 1.06 1.28 0.94 0.97 0.58 0.68 0.27 1.02

a Dummy which equals 1 if income is higher than the Dutch median income.

Relative to yearly income.

Source: Dutch Income Panel (Statistics Netherlands), 1989-2000, own calculations.

4.2

Sample size and measurement

For a proper measurement of the effect of the nefors important to have sufficient numbers
of observations under the VUT and under the tremmsit schemes. Of the 1232 observations in
the ABP (government), 356 observations fall untierdld scheme and 312 observations fall
under the new scheme (table 4.2). The other 56draéisons fall under both schemes as at age
55 they are not eligible to any early retirememiddfi, while on April 1, 1997 they suddenly
become eligible for a benefit without having reattiee VUT eligibility age of 61. The same
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categorisation of the observations holds for thk gldservations in the ABP (education). Of the
445 observations in the PGGM, 298 observationsrhecdigible for a benefit according to the
transitional scheme on January 1, 1999. Note, hewélvat this scheme is highly actuarially
unfair (table 3.1).

Table 4.2 Number of observation per regime, participants of 6 selected pension funds, 1989-2000
Pension funds Start of vut? Both Transitionb Total
transition

ABP (government) April 1997 356 564 312 1232
ABP (education) April 1997 116 412 213 741
PGGM (health care)C January 1999 147 298 0 445
TPG/KPN (post/telecom) - 224 224
BPL (agriculture) - 172 172
PHC (catering industry) - 71 71
BPSG (cleaning industry) - 52 52
Total 1138 976 525 2937

a ) . ) !
Generous and actuarially unfair early retirement scheme (see section 2.1)

Transitional arrangement to less generous and actuarially fair early retirement scheme (see section 2.3)
c " - . .
Note that the transitional arrangement of the PGGM is highly actuarially unfair (table 3.1).

Source: Dutch Income Panel (Statistics Netherlands), 1989-2000, own calculations.

Figure 4.1
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Conditional early retirement probabilities (hazard rates) before (B) and after (A) April 1, 1997 a

— ABP (Gov), B --- ABP (Gov), A - ABP (Edu), B ---- ABP (Edu), A — Other funds, B --- Other funds, A

a

Conditional early retirement probabilities according to the Kaplan-Meier method. The conditional early retirement
probability is the probability to retire at a certain age, conditional on working at the date of turning that age (the birthday).
Source: Dutch Income Panel (Statistics Netherlands), 1989-2000, own calculations

As the regulations of the different early retiretngchemes change at different points in time
during our observational period, a descriptive gsialon the basis of aggregated data is not
straightforward. As the major change in the regoitet is however on April 1, 1997, we may be
able to see some change in early retirement belwafgo the civil servants after that date. We
use the participants of the pension funds other &8P as a control group. It should be noted
that the two most important pension funds in ourtied group concern workers in the health
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sector and the post and telecom sector, whichramimably the sectors which can best be
compared with workers who are subject to the ‘treait pension fund’ ABE? However, we

will make a special effort in the next sectionake account of both observed and unobserved
heterogeneity of workers in different sectors.

The conditional early retirement probability, @zard rate, of the participants of the pension
funds other than ABP is slightly lower after Aptil 1997 for all ages except for the age of 61
(right panel of figure 4.1). The favourable econoeonditions at the end of the 1990s may
have caused a slight change in early retiremerd\betr. The hazard rate for the participants
of the ABP (education) hardly changes after April297. We may conclude that the
transitional arrangement hardly induced workenetwe before the age of 61 (left panel of
figure 4.1), although the new system explicithoals for this. We may also conclude that
participants of ABP (education) hardly postponedya&tirement, which is unsurprising as the
transition scheme is not actuarially fair after &dgtable 3.1). The hazard rate for participants
of the ABP (government) did change. Under the dléiNéystem some employees retired at the
ages of 59 and 60, and these employees are lixdlsnte been working for the local
government (see table 3.1). After April 1, 199 ywiew participants retired before the age of
61. This may be regarded as an indication of thieypoeform being effective.

2 The government owned a majority of shares in the (then combined) post and telecom company until 1995.
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5.1

Empirical strategy and results

The purpose of this section is to estimate the anpathe policy reform on early retirement
behaviour. Our identification and estimation stggtes based on the variation in the starting
dates of the transitional arrangements. We usexachproportional hazard rate model to
explain the duration of employment after age 55.04& one specification with dummy
variables to estimate the average impact of tremefand we use two specifications with
measures of the financial incentives to estimageettact ‘price’ and ‘wealth’ effect (section 2).
We use goodness-of-fit measures to check the ancofahe different model specifications,

and we present some relevant policy simulations.

We are able to estimate the causal impact of floemeby exploiting the variation in starting
dates of the transitional arrangements. We conparearly retirement behaviour of civil
servants before and after the reform, and as dagrimop we use workers for which the reform
did not take place yet. We use a control grougaaly retirement behaviour may have changed
because of the favourable economic conditionseaétid of the 1990s. It is important to note
that the reform could not be evaded by the indigidworker so that so-called anticipation
effects do not hamper our analysis: every age-e¢daoed pre-determined transitional
arrangement and alternative early retirement optiardly existed? Nevertheless, for our
identification and estimation strategy we needssuae the impact of the macro-economic
conditions on early retirement behaviour to beséume for all sectors of industry included in
the analysis. However, as was seen in the prewection, our selection of sectors of industry
into the control group makes this assumption méaagible.

Mixed proportional hazard rate model

We use a mixed proportional hazard rate model sorilge the time working since the age of
55. The advantage of a hazard rate model over tedriessions per age from 55 to 64 (which
are often used in the literature) is that hazarel meodels account for the endogenous selection
of those still working at older ages. A probit reggion at, for example, age 63 gives the
probability of early retirement at this age coratitill on working at the birthday of age 63. This
model is suitable for policy simulations with chamgincentives at this particular age. The
model is however not suitable for policy simulaamith changing incentives over the whole
range from age 55 to 64 as the model does not atéauthe endogenous change of the
population that still works at the birthday of &f Hazard rate models are designed to take
this selection into account. A last point is thadlpt regressions per age allow for a different

Btis possible that alternative exit routes — such as Disability Insurance or Unemployment Insurance — become more
attractive as a consequence of the reform. The impact of the reform on these exit options is however beyond the scope of
this paper. Another alternative exit route that may become important in the future is part-time work combined with partial
early retirement. Partial early retirement was however not possible for our period of investigation.

27



impact of the financial incentives at the differages. In our hazard rate model, we restrict the
impact of a given financial incentive to be the saower different early retirement ages.

We model the duratiom of an individual as the time that elapses betwegeb5th birthday and
the moment of (early) retirement. Although the ddtaw us to measur€in days, we round
this duration to ‘years’ for two reasons. Firsttedare to a large extent clustered around
(especially rightfter) birthdays so that measuriiign days would not add much variation.
Second, closer inspection of the data revealstieatsurement in days may be not very precise,
as the tax office is not so much interested inydaflormation but rather in information on a
yearly basis. Since retirement is mandatory aatfeof 65, this implies thatwill not exceed
the value of ten. Retirement is supposed to béaarbing state: an individual who is retired
will not start working agaifi? The hazard rate (or instantaneous exit ral’p(at)| Xy ,si) for
individuali at age is defined as the marginal probability of immedia#rement, conditional
on not having retired yet before ag®efine a vector of time-dependent individual
characteristicg;, a conformable parameter vecf§rand an unobserved individual

heterogeneity terng and let
(5.1) A (t|xit’£i ):)'o(t)exp(xit'ﬁ’ffi )

In this equatiom(t) is the baseline hazard, agds a random term representing unobserved
heterogeneity between individuals. Following Me(390) we will estimate the baseline
hazard semi-parametrically: we consider a modei wlitservations on a yearly basis to get
parameters for= 0, ..., 9 with one parameter for each age. So we considerede time points
in time although the underlying retirement prodessontinuous. The probability that a spell
lasts until timet+1 given that it has lasted untiis written as a function of the hazard:

(5.2) P(T, 2t +1T; 2 t.x0. ) = exil-explx.' B+ /1) + )]

where
(5.3) y(t) = In[ fﬁé (u)duj

with /t) parameters to be estimated in the maximum likeléhprocedure. Notice that the
conditional probability to retire is at its maximumhen )(t) is at its maximum. Next, we
assume that unobserved heterogeneity can be obasadtby a mixture of two mass points:

* This is however not a heavy constraint in our analysis. First, practice shows that the early retirement event is indeed
absorbing in the overwhelming majority of cases. Second, even if it would not be absorbing, then we could simply redefine
the duration to be equal to the moment of first (early) retirement.
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5.2

(5.4) Pg, =n) =@t

with the second mass point chosen such E[{a;] =0." Furthermore, note that on the basis of
the information in our dataset we cannot differatetibetween workers of the national and the
local government. We assume workers of the govenhioebe part of the national government
with a given probability 0.39. This probabilitylissed on the proportion of civil servants which
is working for the national government. The likeldd of observing a particular retirement date
follows from (5.2), after taking expectation of theobserved heterogeneity term using (5.4).

Specification with dummy variables

Our first specification makes a distinction betweetuarially unfair and actuarially fair
schemes using dummy variables. We estimate thecingbahe reform on the basis of these
dummy variables for the different relevant earlyreenent schemes. The results should be
interpreted as aaverage effect of the reform from a generous actuariallfainto a less
generous actuarially fair scheme, making the sjpatién robust for possible misspecification
of the financial incentives. However, what exacltives the change in early retirement
behaviour remains unclear. For this reason, thé subsection will implement a specification
with the measures for the financial incentivesetftion 2.

Depending on age and year of birth, a worker chiufaer three regimes: (1) a worker may
not yet be eligible to an early retirement benéfitder this regime, early retirement is
unattractive as the worker will loose all earlyinenent rights. (2) A worker may be eligible to
an actuarially unfair early retirement benefit. §tiill be true if the worker is eligible to a VUT
(flat rate) early retirement benefit, but it wilsa be true if the worker is eligible to the ABP
transitional scheme at age 61 as postponing eatitement will not lead to a higher early
retirement benefit in the next year. Under thismeg early retirement is attractive as
continuing to work hardly leads to a higher lifeaé income. (3) A worker may be eligible to an
actuarially fair early retirement scheme. Undes tiggime, early retirement depends on the
preferences and discounting behaviour of the worker

To allow for the three different regimes in the éncpl hazard rate model, we define two
dummy variables: one dummy varialheentive to retire and one dummy variablacentive to

wait (see table 5.1 for exact definitions). The lattemmy implies that the worker will become
eligible at some moment in the future if he posg®oearly retirement, leading to an incentive to
wait. Because of the reform, the value of the duesnshanges over time for the participants of

** As noted by Heckman and Singer (1984), results may be very sensitive to the choice of a particular functional form for the
distribution of ¢. Therefore, the authors proposed using a non-parametric characterisation of ¢ by means of a finite set of
points of support, whose number, locations, and weights are empirically determined. Guo and Rodriguez (1994) noted that,
in practice, two or three points of support often suffice.
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the pension fund ABP. The dummies for the othesmenfunds do not change over time,
which makes an interpretation as ‘control groupsgible.

Table 5.1 Estimation results, model specification with dummy variables

Variable Estimate® Std. errorb Variable Estimate® Std. errorb

Baseline hazard Pension funds

Age 55 -487 * (0.58) ABP 1.02 * (0.29)

Age 56 -4.84 * (0.62) TPG/KPN 2.19 * (0.34)

Age 57 -4.29 * (0.61) BPL 1.24 * (0.35)

Age 58 -4.63 * (0.62) PHC 0.01 (0.42)

Age 59 -4.08 * (0.62) BPSG -0.98 (0.70)

Age 60 -2.85 * (0.60)

Age 61 -1.95 * (0.90) Indiv. charact.

Age 62 -242 * (1.02) Single woman -0.09 (0.28)

Age 63 and 64 -2.70 * (2.07) Single man 0.16 (0.24)
Non-single woman -0.27 (0.20)

Year dummies Children -0.28 * (0.13)

1990 0.20 (0.50) High income 0.60 * (0.15)

1991 -0.36 (0.49) Mortgage debt 0.01 (0.03)

1992 0.50 (0.45) House value -0.07 * (0.03)

1993 0.26 (0.45)

1994 0.10 (0.45) Incentive variables®

1995 0.22 (0.45) Incentive to retire 2.28 * (0.29)

1996 -0.27 (0.45) Incentive to wait -0.08 (0.21)

1997 0.01 (0.47)

1998 -0.31 (0.48) Heterogeneity

1999 -0.07 (0.48) a 0.46 * (0.05)
n -256 * (0.68)

Statistics

Number of 2937

observations

Log-likelihood -1924.86

a Reference groups: PGGM, 1989, pre-pension scheme, non-single man, no high income.

b Variables marked with * are significant at the 5% significance level.

¢ The dummy variable incentive to retire is defined as being eligible for an early retirement benefit that is not actuarially adjusted if one
postpones early retirement, while the dummy variable incentive to wait is defined as not yet being eligible for an early retirement benefit.

Source: Dutch Income Panel (Statistics Netherlands), 1989-2000, own calculations

The estimation results show that the baseline dasarpward sloping until age 61 and
downward sloping after that age (table 5.1). THehypothesis that the baseline hazard is
constant is strongly rejected by a likelihood ratica Wald test. This hints at the presence of
time dependence, the conditional probability tireeteaches a maximum at age 61. On the
basis of deteriorating health conditions and aipbssicreasing preference for leisure with age
we may expect a monotonically increasing baselamatd. An explanation for the peak at age
61 may be interdependence of preferences, but mexasat error may play a role as well as the
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incentive to retire at exactly that age may initgdle stronger than expressed by the dummy
variables for the reform. As such explanationsteela misspecification, we come back to this
issue in section 5.4.

The early retirement behaviour differs significgriietween participants of different pension
funds. Even after correction for individual chagaidtics, the participants of the pension funds
ABP, TPG/KPN and BPL retire significantly earlitan the participants of the other funds. As
expected, individuals with children have a lowezdrd rate than those without. The dummy
variablehigh income has a positive sign, while the varialbiguse value has a significantly
negative sign. Interpretation of these outcomes bgalyampered by omitted variable bias, as
these variables may be correlated with for exaraglecation. Neither the other individual
characteristics nor the year dummies have a sogmfieffect on the hazard rate. On the other
hand, unobserved heterogeneity turns out to beritaupio

The estimate of the dummy varialheentive to retire is significantly positive. Thus, the old
VUT schemes indeed result in a higher propensityitodraw from the labour market than an
actuarially fair scheme. The dummy variabieentive to wait has the theoretically correct sign
but is not significantly different from zero. Thetically one would expect that not having
reached the eligibility age gives a strong incentiv postpone early retirement. But as we could
see from the left panel of figure 4.1 already, raftpril 1, 1997 only few workers decided to
retire at the ages of 55 to 59 anyhow.

Specification with financial variables

Our second specification attempts to capture thgaanhof financial incentives more precisely
by making use of measures for both price effedhleypeak and option value, respectively, and
the wealth effect by the pension wealth variabéetfen 2). An advantage over the previous
specification is that we can now make use of diffiéisources of variation in financial
incentives in order to identify the effects sepalsatThus, in theory, this specification should
give the best results. On the other hand, one dHiadp in mind that the specification is built
on assumptions which may not hold true. For thésoa, the specification is less robust to
misspecification (see also section 5.4).

Table 5.2 presents the results with the peak valeasure (equation (2.7)), while table 5.3
discusses the results for the option value meggguation (2.5)). For the option value measure
we assume the marginal utility of income to faltwtonsumption, to be precige= 0.75 (see
equation 2.6). The valuation of the leisure param is set equal to 1.2%.Furthermore, both

*® We experimented with different parameter values. Within the ranges mentioned in footnote 4 there was not much variation
in the results.
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model specifications use the variapmsion wealth in order to estimate the income effect
resulting from the early retirement schemes. Botldeh specifications do not include a dummy
variable for high income (compare table 5.1) adfitrencial variables should correct for the

impact of income.

Table 5.2 Estimation results, model specification with peak value

Variable Estimate® Std. errorb Variable Estimate® Std. errorb

Baseline hazard Pension funds

Age 55 -391 * (0.50) ABP 0.13 (0.22)

Age 56 -3.90 * (0.54) TPG/KPN 1.22 * (0.27)

Age 57 -3.40 * (0.55) BPL 0.73 * (0.31)

Age 58 -3.69 * (0.56) PHC 0.21 (0.36)

Age 59 -2.96 * (0.56) BPSG -1.16 * (0.60)

Age 60 -1.83 * (0.54)

Age 61 -0.19 (0.57) Indiv. charact.

Age 62 0.60 (1.20) Single woman -0.15 (0.27)

Age 63 and 64 1.39 (1.29) Single man 0.03 (0.22)
Non-single woman -0.53 * (0.16)

Year dummies Children -0.17 (0.12)

1990 0.31 (0.50) Mortgage debt 0.02 (0.02)

1991 -0.24 (0.49) House value -0.07 * (0.03)

1992 0.59 (0.45)

1993 0.45 (0.45) Financial variables

1994 0.25 (0.45) Pension wealth® 3.27 * (0.76)

1995 0.35 (0.44) Peak value® -5.66 * (1.35)

1996 -0.10 (0.45)

1997 -0.20 (0.46) Heterogeneity

1998 -0.65 (0.46) a 0.27 * (0.03)

1999 -0.45 (0.46) n -4.14 * (1.06)

Statistics

Number of 2937

observations

Log-likelihood -1974.37

a Reference groups: PGGM, 1989, pre-pension scheme, non-single man, no high income.
Variables marked with * are significant at the 5% significance level.
¢ Pension wealth is the discounted value of future pension benefits (subsection 2.2). We assume an individual discount rate of 4%.
d Peak value is the difference between total discounted pension wealth at its maximum expected value and its value if retirement occurs
immediately (equation (2.7)).

Source: Dutch Income Panel (Statistics Netherlands), 1989-2000, own calculations.

Both specifications of the model yield a clear ealffect as the parameter of the variable
pension wealth is significantly larger than zero. So, a largengen wealth induces workers to
retire at younger age. Furthermore, both specifinatyield a clear price effect as well. Both
parameters for the option value and the peak \al@aignificantly smaller negative, which is
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consistent with theory. A financial reward to pastp early retirement, in the form of a higher
benefit level in case of postponement, induces amsrko continue working. Most parameters
have changed only little compared to the estimaftélse preceding section. A remarkable
change is however that the baseline now contimuestease after age 61. The propensity to
retire increases with age, which is in line withr, &xample, decreasing health with age.

Table 5.3 Estimation results, model specification with option value

Variable Estimate® Std. errorb Variable Estimate® Std. errorb

Baseline hazard Pension funds

Age 55 -3.77 * (0.54) ABP 0.23 (0.22)

Age 56 -3.84 * (0.58) TPG/KPN 1.34 * (0.27)

Age 57 -3.44 * (0.57) BPL 0.76 (0.31)

Age 58 -3.81 * (0.58) PHC 0.23 * (0.37)

Age 59 -3.14 * (0.56) BPSG -1.06 * (0.61)

Age 60 -2.04 * (0.54)

Age 61 -0.37 (0.57) Indiv. charact.

Age 62 0.31 (2.09) Single woman -0.09 (0.27)

Age 63 and 64 1.04 (1.16) Single man 0.01 (0.22)
Non-single woman -0.46 * (0.16)

Year dummies Children -0.18 0.12)

1990 0.32 (0.51) Mortgage debt 0.02 (0.02)

1991 -0.19 (0.50) House value -0.07 * (0.03)

1992 0.63 (0.46)

1993 0.49 (0.46) Financial variables

1994 0.28 (0.45) Pension Wealth® 3.96 * (0.75)

1995 0.37 (0.45) Option value® -035 * (0.09)

1996 -0.08 (0.45)

1997 -0.18 (0.47) Heterogeneity

1998 -0.63 (0.47) a 0.27 * (0.03)

1999 -0.43 (0.47) n -3.95 * (0.90)

Statistics

Number of 2937

observations

Log-likelihood -1975.79

a Reference groups: PGGM, 1989, pre-pension scheme, non-single man, no high income.

b Variables marked with * are significant at the 5% significance level.

¢ Pension wealth is the discounted value of future pension benefits (subsection 2.2). We assume an individual discount rate of 4%.

d Option value is the difference between utility from delayed optimal retirement and immediate retirement (equation (2.5)). We assume
k=1.25 and y=0.75 (equation 2.6).

Source: Dutch Income Panel (Statistics Netherlands), 1989-2000, own calculations
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Goodness of fit

Although the parameter estimates of the previoasa@es look plausible, it is an open question
how well the models perform in reproducing the obsé early retirement patterns. As the
models are not nested, a formal likelihood ratgt te compare the models is theoretically
incorrect. Therefore we use other, less formal mressfor the goodness of fit.

According to Akaike’s Information Criterion (Akaik&973) and Schwarz’s Information
Criterion (Schwarz, 1978), the model on the bakte® dummy variables clearly performs
better than the two other models. The criteriabaged on the likelihood, and are often used in
practice to compare non-nested models. The criterigect the log-likelihood for the number of
observations and the number of parameters. As thtsefigures are however the same for our
three model specifications, the criteria boil dawra simple comparison of the log-likelihoods.
The model on the basis of the dummy variables lgigarforms best, while the two other
models perform about equally well.

As the different pension funds offer rather différecentives to retire, it is informative to see
how the models perform in terms of predictionshef tonditional early retirement probabilities
(hazard rates) at different ages. In particulame@ension funds give strong incentives to retire
at one particular age, i.e. ABP(edu) and TPG/KPhigat61 and PGGM at age B he non-
parametric Kaplan-Meier hazard rates clearly sHmeixistence of these incentives: the
hazards of the ABP(edu) and TPG/KPN reach a cleak pf 56% and 77% at age 61, while the
hazard of the PGGM reaches a peak of 59% at ageaibie 5.4).

The models perform reasonably well in the sensetiieapredicted hazard rates reproduce the
age patterns of the different pension funds (t&b4¢. Nevertheless, the models clearly have
difficulties in reproducing the level of the pedks some pension funds. This is particularly
true for the pension fund PGGM. Recall that theebas hazard of the three models shows a
peak or a clear jump at age 61, leading to ex@tgement at that age. As the pension fund
PGGM gives an incentive to retire at age 60, iather obvious that the model has difficulties
in reproducing an age pattern with a peak at agén@e literature, some models perform
better in terms of predicted hazard rates, for gtanGustman and Steinmeier (2005). Note,
however, that they need to explain only two peakthé hazard rates for workers who all face
the same early retirement scheme. We need to expdaiard rates for workers that face many
more different schemes (see table 3.1).

¥ The ABP(gov) includes workers of the national and the local government, which face different early retirement schemes.
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Table 5.4 Observed and predicted conditional early retirement probabilities (hazard rates) by age, in %a’b

Retirement age

55 56 57 58 59 60 61 62 63 GF1° GF2°
ABP(gov)
# obs. 1232 937 709 532 366 253 139 55 20
hazard 5.0 2.9 5.1 36 101 225 460  16.4 5.0
M_IV 2.9 2.9 47 3.4 89 254 477 189  14.2 0.984 0.983
M_PV 2.7 2.8 4.4 3.4 85 242 513 183  13.0 0.982 0.977
M_OV 2.7 2.8 4.4 35 86 241 511 184 132 0.982 0.978
ABP(edu)
# obs. 741 592 462 372 284 189 123 34 18
hazard 1.2 2.2 2.6 3.0 5.3 74 561 176 167
M_IV 2.7 2.8 45 3.2 56 164 526 156 116 0.978  0.964
M_PV 2.7 2.7 4.4 35 73 192 542 193 105 0.973  0.956
M_OV 2.5 2.6 4.2 3.4 73 198 541 191 106 0.972 0.954
PGGM
# obs. 445 335 258 178 116 68 17 7 4
hazard 0.7 0.0 0.8 1.1 09 588 235 286 0.0
M_IV 0.8 0.9 1.5 2.9 43 317 372 136 6.8 0.963  0.879
M_PV 1.6 1.7 2.6 2.3 43 243 534 233 109 0.951 0.837
M_OV 1.7 1.7 2.6 2.3 46 233 532 238 109 0.950 0.835
TPG/KPN
# obs. 224 175 122 83 57 33 17 3 0
hazard 45 143 9.8 84 158 242 765 333
M_IV 8.8 82 121 82 113 223 683 528 0.981 0.879
M_PV 7.3 6.8  10.3 77 132 271 436 121 0.973  0.837
M_OV 7.4 69 103 77 134 281 428 129 0.972 0.835
BL/PHC/BPSG
# obs. 295 219 165 106 70 37 19 13 7
hazard 0.7 0.5 9.7 6.6 143 324 211 231 143
M_IV 2.0 2.1 3.2 43 171 326 309 159 143 0.983  0.949
M_PV 2.6 2.6 3.8 41 124 295 414 224 186 0.980 0.923
M_OV 2.8 2.8 4.0 42 119 283 416 224 182 0.980 0.922

a The conditional early retirement probabilities (hazard rates) observed in the data are according to the Kaplan-Meier method.

M_IV is model with indictor variables, M_PV is model with peak value, and M_OV is model with option value.
¢ Goodness-of-fit measures, see equation (5.5). As weights, GF1 uses the number of observations while GF2 uses unity. We do not use
the inverse of the observed hazard rate as weights as for some cells they are equal to zero. For age 64 the number of observation per
pension funds is very small and we did not include this age in the table.
Source: Dutch Income Panel, 1989-2000, own calculations

On the basis of simple goodness-of-fit measurethihit rate per pension fund, we again
conclude that our model on the basis of dummy béegafor the reform is the best performing
model. Heckman and Walker (1987) discuss formas tes the goodness-of-fit, but in practice
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these are seldom used. As our interest is in piirdithe hazard rates per pension fund, we
construct a simple goodness-of-fit measure whichbeacalculated easily per pension fund:

1 63 o _ 63
(5.5) GF =1~ WZWt(pt—pt) with W:_Zwt
t=55 t=55

with weightsw; and the observed and predicted conditional eatisement probabilitiep; and
Pt - A natural choice for the weights may be the nund@bservations. Another natural
choice may be the inverse of the observed conditiearly retirement probability; , as these

weights are used in standafetests.

According to our simple goodness-of-fit measures,mhodel on the basis of the dummy
variables is the best performing model for all p@m$unds; see the last two columns in table
5.4. The models on the basis of the financial e seem to do about equally well. The fact
that the measures are close to one does not nebesszan that the models are doing very
well: the models are able to reproduce the smathithrates at age 55 to 59. Most of the action
however takes place at ages 60 and 61. In pantioulafirst measure gives little weight to these
ages as the numbers of observations are low & #Hygess. Therefore we construct a second
measure which does not weight with the number séolations (last column). But according to
this measure the first model is the best performiglel as well.

Why do our models have difficulties in reproducthg peaks in the hazard rates? In particular,
our model with dummy variables seems to do rathedl, wnd nevertheless the peak remains a
problem. We can think of two explanations: measwamrerror and misspecification. We
discuss two special cases of misspecificationdhaimentioned in the literature rather often:
interdependent preferences and irregularitiestari@mporal optimisation behaviour:
Measurement error: although our dataset allows abserve early retirement incentives of
individual workers in more detail than datasetprafvious studies, our dataset does not allow
us to observe the exact early retirement and pemgjbts. In particular, for the construction of
the financial variables we need to make assumptiMesassumed workers to have a complete
contribution history. This leads to measuremerdremhich may bias our estimation results.
Note that for the model with dummy variables, wéyoreed to assume a worker to be working
in a firm or a sector for the last 10 years. Thisuanption is less strong than the assumption on
complete contribution histories. For this reasam,fost model with dummy variables is likely
to be less seriously affected by measurement error.

Interdependent preferences: our estimation reshtisy excess retirement at age 61 (table 5.1),
or a jump in the early retirement probability astage (tables 5.2 and 5.3). This may be the
result of interdependent preferences. The baskémard will pick up interdependent
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5.5

preferences as long as it is the same over alkinglgectors. As the participants of PGGM do
not show excess retirement at age 61, interdepepdeferences may however vary by industry
sector. Allowing for different baseline hazards pension fund may correct for this kind of
misspecification. But it may lead to overfittingtbe model as well. A better strategy would be
to explain interdependent preferences, but thi®j®nd the scope of this paper.

Irregularities in intertemporal optimisation behawi: more and more evidence is becoming
available that people do not behave accordingasthndard life cycle model with rational
expectations and time-consistent planning behavithis may be a serious threat to the option
value model, but also to the peak value model whisbounts future early retirement benefits.
The question how non-standard optimisation behanaffects early retirement behaviour is
beyond the scope of this paper as well.

Simulation results

In order to interpret our estimation results, waidate outcomes for different retirement
schemes. For this exercise our claim on causalitywportant: while the estimation results of
the subsections 5.2 and 5.3 may simply represerglatons and not necessarily causal
relations, the simulation results explicitly assutimat the relations are causal. On the basis of
the arguments discussed in the introduction ofgbidion, we do believe in a causal relation
between financial incentives and retirement behavio

The simulations are based on our first model sjpatibn, i.e. the specification with the
dummy variables. We use this model, as it appeassdensitive to the problems discussed in
the previous subsection. It should be clear, hewehat the simulations represent a policy
change from a generous actuarial unfair systemdesagenerous actuarially fair system. More
subtle reforms cannot be simulated with our prefémodel specification.

We simulate four different schemes: two actuariatifair (VUT) schemes, one transitional
arrangement, and one fully actuarially fair (prexgen) scheme. The difference between the
last two schemes is that the transitional arrangéimseactuarially unfair from age 61 on (table
3.1). We account for the fact that individuals &zawve the labour market not only through
retirement but also in other ways, for example egdming disabled. We take these events
however to be given exogenously. As our main isteiein the effect on early retirement, we
calculate the probability density of early retirarhéVe do this for the participants of the
pension fund for the civil servants (ABP) as wesider their early retirement schemes.

The simulations show a considerable effect of ey reform (figure 5.1). Under the
actuarially unfair schemes with eligibility ages&8d 61 a vast majority does retire at exactly
these ages. The transitional arrangement of the ¢ii3#% a strong incentive to retire at age 61,
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and accordingly the difference between the simutetifor the actuarially unfair scheme with
retirement age 61 and the transitional arrangeisesrhall. One difference is that under the
transitional arrangement a few more workers retirages before 60. This is a result of the
small and statistically insignificant dummy variabtcentive to wait. Under the actuarially fair
pre-pension scheme there is a reward to postp@airiyg retirement. According to our
simulation there will indeed be a group of worketsch will decide to postpone retirement.

At the time the social partners started to congigfarms of the early retirement schemes, in
order to make the schemes less vulnerable to aghiey/UT early retirement age for
participants of the ABP was 60. From the simulgteabability density, we can calculate the
change in the expected retirement age because gblity reform. Based on the simulations
with our best-performing model, we find that thenisitional arrangement caused an increase in
the expected early retirement age of about 4 moatitsthat the actuarially fair pre-pension

scheme will lead to an increase of about 9 months.

Figure 5.1 Simulation results for the probability density of early retirement a
%

70 q

60 A

a Simulations based on the participants of the pension fund ABP with the model using dummy variables (table 5.1). VUT60
and VUT61 schemes are actuarially unfair schemes with retirement ages 60 and 61, transitional arrangement is the
arrangement of ABP for persons born after April 1, 1942 (table 3.1) and pre-pension is an actuarially fair scheme of ABP
with replacement rate of 70% at age 62 (not presented in table 3.1).

Source: Dutch Income Panel (Statistics Netherlands), 1989-2000, own calculations
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Conclusion

In this study, we estimate the causal impact ofaty retirement reform on early retirement
behaviour. We exploit the variation in startingefadf transitional arrangements from
actuarially unfair schemes to more actuarially $ginemes. It is important to note hat the
reform could not be evaded by the individual woréethat so-called anticipation effects do not
hamper our analysis: every age-cohort faced prerahiied transitional arrangement in which
no individual worker had the possibility to retiséth the old scheme before the new scheme
became relevant for this worker. The dataset wedarstis purpose, the Dutch Income Panel
1989-2000, is based on administrative records of theblational Tax Office. Estimating
hazard rate models for early retirement, we firat the policy reform induces workers to
postpone early retirement. Based on our prefemguirecal specification with robust dummy
variables for the reform, simulations show thatfiret phase of the transition has already led to
average retirement postponement by about 4 montteigroup of elderly workers
investigated. It will become about 9 months oneetthnsition is fully completed. The latter
figure is equivalent to about 0.7% of the labourcéoin 2000, and about 1.0% in 2015.

The reform of the Dutch early retirement systenmseaumajor changes in the individual early
retirement rights. First, the actuarial adjustmemthie new schemes introduce a price effect as
the price for leisure becomes ‘more fair'. Secontte new schemes entail lower early
retirement wealth which potentially leads to a weeffect, i.e. less resources to purchase
leisure time. By modelling the exact financial intiees and using them in our empirical model
specification, we try to disentangle the empiried¢vance of these two effects. Although the
estimation results look quite reasonable, simutetishow that the models with the financial
incentives have a harder job in predicting the pealearly retirement at certain ages than the
model with robust dummy variables for the reformeddurement error and misspecification
due to interdependent preferences and irregulaiitiendividual intertemporal optimisation
behaviour are likely to play a role here.

As early retirement will remain important on thdippagenda, more research to answer some
open questions is needed. First of all, better datained by merging information on individual
early retirement and pension rights to the admratiste data from the Dutch National Tax
Office will largely rule out the problems with messment error. This will help to get a better
identification of the price and wealth effects arlg retirement behaviour. Second, behavioural
aspects are likely to be important. Therefore,itkeerporation of behavioural elements into the
empirical analysis of early retirement will be ajanachallenge for the future.
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