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Abstract

In the early 1990s, the Dutch social partners atgn transforming the generous and actuarialfgiun
PAYG early retirement schemes into less generodsaatuarially fair capital funded schemes. The
starting dates of the transitional arrangementegdy industry sector. In this study, we explbi t
variation in starting dates to estimate the caimsphct of the policy reform on early retirement aeilour.
We use a large administrative dataset, the Dutcbnire Panel 19822000, to estimate hazard rate models
for early retirement. We conclude that the polieform induced workers to postpone early retiremient.
particular, both the price effect (reducing imglieixes) and the wealth effect (reducing earlyeatent
wealth) are shown to have a positive impact oretirdy retirement age. Yet, we show that model
specifications including the most commonly usedifficial incentive measures are open to further
improvements, given that these are outperformea giynple specification with dummy variables.
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1. Introduction

The Dutch labour force participation rate of elglésllow compared to other western countries. 18019
the employment-to-population ratio for age 55 toné 29.7 percent (OECD, 2005). Partly due to the
favourable economic circumstances at the end of #96s this rate increased to 46.6 percent in 2004,
still remained below the OECD average. Althoughipation ageing is less dramatic for the Netherlands
than for many other countries, and although thétalaipinding of the occupational pensions makes the
Dutch economy less vulnerable to ageing altogetherlow participation rate before the mandatory
retirement age of 65 is an important policy issd®a broad base of tax payers is necessary talbear
financial consequences of population ageing, irsingethe labour force participation of the elddris

become an important policy issue in the Netherlands it is in many other countries.

In the early 1990s, the Dutch social partners (umi@nd employer organisations) recognised the adver
incentive effects of the prevailing early retirerheahemes. They decided to transform the genermis a
actuarially unfair pay-as-you-go (PAYG) schemes iess generous and actuarially fair capital funded
schemes. The starting dates of the transitionahgements varied by industry sector. In this stugy,
exploit this variation in starting dates to estietite causal impact of the reform on early retingme
behaviour. Starting April 1, 1997, the participaotshe pension fund for civil servants (ABP) wéhne

first to face new early retirement conditions. Bjmng employees of a selection of other industryseas
a control group we are able to estimate to whiderefinancial incentives affect the (early) ratient

decision.

The transitional arrangements to the new actugriall schemes cause major changes in the individua
early retirement rights. First of all, employees cetire at a much younger age under the new scheme
The actuarial adjustments in the new schemes havirgtveduce a ‘price effect’: a retiring employeélw
pay the ‘fair’ price for leisure, while under thielgcheme its price was virtually zero. Or stated
differently, in case an employee postpones eatigeraent he gets rewarded with a ‘fair’ wage indtea
being subject to a high implicit tax rate. Secontiy new schemes entail lower ‘early retiremerdlting
i.e. less financial resources for the purchaseisfite. This ‘income effect’ or ‘wealth effect’ gaitially

leads to a postponement of early retirement.

Many studies on the labour force participationldedy have demonstrated that financial incentizes
important for individual retirement behaviour. Genland Wise (1999, 2004) conclude this on the hmsis

country studies using a discounted measure fordigacial security and pension incomes. Within this



project, Borsch-Supaet al. (2004) reach the conclusion using the German Sgcanomic Panel,
Blundellet al. (2004) using the UK Retirement Survey, and De &fod Kapteyn (2004) using the Dutch
Socio-Economic Panel. Using an alternative datacepuhe Dutch Retirement Survey (CERRA),
Kerkhofset al. (1999) conclude that financial incentives are intquat for early retirement and to a lesser
extent for alternative early retirement routes likeemployment and disability insurance. Howeverthan
basis of the same data, Heyma (2001) concludeshthatportance of financial incentives is limitied

the different early retirement routes. In an ovenwarticle that is mostly based on US evidence,
Lumsdaine and Mitchell (1999) conclude that theastpf financial incentives on early retirement is
important, but that not more than half of the ofsedrvariation in retirement patterns in the US lban

explained from these financial incentives.

In this study we are able to estimate the caugaaanof the early retirement reform by exploitihg t
variation in starting dates of the transitionabagements. It is important to note that althoughréform
could be foreseen, it could not be evaded by thwitual worker so that so-called anticipation effedo
not hamper our analysis. Every age-cohort faceaptermined transitional arrangement in which no
individual worker had the possibility to retire fvithe old scheme before the new scheme becameanglev
for this worker. The dataset we use for the emgiipart of our study, the Dutch Income Panel
1989-2000, is based on administrative records of thelDiational Tax Office. Estimating hazard rate

models for early retirement we find that the poliejorm induced workers to postpone early retireimen

In section 2 we address theoretical issues withe@so the retirement decisions of individualsilfea
retirement schemes in the Netherlands are reviémwselction 3. Section 4 discusses the data, while
section 5 presents the estimation results. Inae&iwe investigate the goodness of fit of diffémreodel
specifications. Section 7 concludes.

2. Theory

2.1 Modelling theretirement decision

The ‘standard’ textbook model assumes that indafslmmaximise their expected lifetime utility sulijex

a lifetime budget constraint. Consumpti@) @nd leisurel() are the choice variables in this problem, the
latter including the time spent in retirement. Ti@ividual's optimal retirement date is implicit the
leisure time path, and is thus an outcome of thienigation process. Denote the utility functionythe

level of assets bg, the individual discount rate py wage byw (when full-time employed), and the



interest rate by. Introducing dynamics through time subscriptsédget, a basic version of the inter-

temporal model is

(2.1a)W(A) = fCTJEtXEt [U(Cio L) + L+ p) W(AL)]

(2.1b) Ag = @+ A +w 1-L;) -C;

HereW is the value function, arig takes the expectation at timeTaking expectations at the right hand
side of (2.1a) allows for randomness in the moglgl, stochastic future wages. The most important
derivations from this dynamic programming model (D&del) are the Euler equations which determine
the optimal time paths for both consumption ansiuig. Explicit solutions for the time paths do exist
unless some restrictive assumptions are made #eéunctional form of the utility function. A conon

— often realistic — assumption is thatan take on only two values, corresponding withegiretirement

(L = 1) or continued workl(= 0), and that retirement is irreversible. As asgmuence of this assumption,
theretirement age contains sufficient information to reconstruct tygimal leisure time pathy,... L.
Denote the retirement age Bymaximum age by, and the discount factor for agey S« := (1+p) .

Then (2.1) implies that immediate retirement isropt iff

Et l: max {i IBStU S(CS :1)}:| >

Cs(s2t) St
(2.2)

R-1 T
Et max {U s(Ct -O) + Z IBStU s(Cs ,0) + Zﬁstu s(Cs ’1)}

C.(s2t), - —_
IS?:R>t s=t+l s=R

i.e. the expected lifetime utility given immediattirement is higher than the expected lifetimétyti

given at least one extra period of continued work.

Several authors have estimated a parameterisdti@y), including generalised versions for houdéso
and taking into account health, and liquidity coaisits (e.g., Van der Klaauw and Wolpin, 2003; Blau
2004; French, 2005; Gustman and Steinmeier, 200B)ever, this approach is computationally very
demanding, and therefore simplifying assumptioesaditen made. Rust (1989), Rust and Phelan (1997)
and Heyma (2004) assume that households cannaivborrsave. This last assumption is equivalent to
assuming that consumption at any tinegjuals incom#; at timet. Hence, an important simplification of
(2.2) is to write it in terms of some indirect ifilfunctionV rather than the direct utility functidd, so

that the decision to retire at agillows



T T
(2.3) E {Z BsVs(Ys It)} > Et{g'gt({vt M IR) + Z:Bstvs (Ys | R)H

s=t s=t+l

whereV(-|R) denotes indirect utility conditional on retireniext ageR. This specification is easier to use

in practice as individual income is more easilyaslisd 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 chooses tregirement date for which the expected utility ista

maximum, i.e. immediate retirement is optimal iff

T T
(24) Y B EV,(Ys I1) > Fr;_wg{vt (VIR + Y AaEVs(Ys | R)}

s=t s=t+1

In comparison with (2.3) the max and expectatioarafors are interchanged. Equivalence between the
two equations is only achievedt#T, i.e. there is only one period to make a choiceAs Stock and

Wise note, the expected value of the maximum @t @trandom variables is larger than the maximd@im o
their expected values, and thus the option valimnfinued work is necessarily smaller than wowdd b

implied by the DP rule in (2.2). An alternative sien of (2.4) is

T T
(25) () = gyg{vt (IR *+ 2 B EVG(Ys | R)} -3 BsEVs(Ys 19 <0
' s=t

s=t+l

whereG(t) is the option value of continued work, i.e. aatige value corresponds to immediate
retirement being the optimal decision of the indal. In words, the option value gives the diffex@n
between the utility from delayed optimal retiremant immediate retirement. Denote BYR) the
amount of cash flow to or from the pension fundges given retirement age. A common specification

for the expected indirect utility function is

4 .
(2.6) EVs(Ys |R) = {Ust[Ws] ?f s<R
o4[kBs(R)]” if s=R

whereoy is the conditional survival probability (of reangiages conditional on having reached e

is the risk aversion parameter dacbpresents the relative valuation of leisure.



In their econometric specification Stock and Wik890a; 1990b) allow for individual specific random
effects in both wage and retirement income. Howewely very few authors have succeeded in estimgatin
the full-fledged option value model as originalpesified by Stock and Wise. Instead, most applicesti
based on (2.5) use the variallft) in a reduced form context. The most common appba is to fix the
parameters, k, andp at some given values, and (&ft) enter as a linear regressor in a probit modgl,(e.
Samwick, 1998; Borsch-Supan, 2000; Berkel and Bé&apan, 2003; Asch et al., 2005)his is
equivalent to estimating the full option value miodih fixed parameters, and deterministic waged an
retirement income (Lumsdaine et al., 1992). Seweuriiors have questioned whether going from tHe ful
DP model to the OV model in (2.5) should be regdraea simplification, as the latter might as wella
more ‘realistic’ alternative to describe the indival’s retirement behaviour. Lumsdaine et al. (3992
conclude that the DP model and the OV model perfegomally well in explaining and predicting the
retirement behaviour of individuals. In a differemintext (viz. the application for SSDI benefitdhe
United States), Burkhauser et al. (2003) even calecthat the OV model outperforms the DP model.

Coile and Gruber (2000) note that a potential dieeskinf the option value measure is that it is afiom
of future wages, and the latter may be a majorcgoaf variation across individuals. This implieattthe
researcher who is interested in identifying thedvebural effects induced by the early retiremetiesoe
may find that the OV is for a large part measutimgeffects of income dispersion rather than theces
he is interested in. Furthermore, this approacts ot allow for estimating the separate effects of

different (complementary) pension schemes. As tanredtive the authors propose making use of the

‘peak value’, which is defined as

T T
@O HO:= Qg{z BsE, BS(R)} - B<EB,W)

) s=t s=t

In words, the peak value is the difference betwetal discounted pension wealth at its maximum
expected value and its value if retirement occommédiately. As discussed in Samwick (2001), thé&kpea
value is the same as the option value under thevgstfons that future wages do not affect the ogdtima
retirement age, workers are not risk avepsd), and income in retirement has the same utilitye as
income before retiremenk<1). The peak value is usually not applied in aslen rule such as (2.2) to
(2.5). More often the peak value (with fixed disnbrate) is used as an explanatory variable irdaged

® 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; p=0.22; k=1.25) of the full option value model obtained by Stock and Wise (1990a).



form probit model, just like the option value (wiiked parameters), see e.g., Coile and GruberQR00
Asch et al. (2005).

2.2 Early retirement schemes

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

amount of ‘pension wealtlP at a given ag®. The eligibility conditions usually include an elmypment
constraint, and often work history requirementse Hiter is obviously a natural condition in theeaf
capital funded schemes. Secondly, retirement &teehage thaty alters pension wealth lyy at timet
(t>to). We definep, here as thaet increment in pension wealth as a result of an additionat péavork

at aget. Values fop, may both be positive or negative, and are oftesecto zero in case of an actuarially

fair early retirement schenfe.

Both ‘pension wealthP and the net increment in pension wegltmay be important for early retirement
behaviour. The importance of these variables doeshwiously follow from the models of the previous
subsection. The DP model of equation (2.2) doeseaal to explicit expressions for the ‘wealth’ and
‘price’ effects induced by andp,, respectively. The effects are more easy to utetedswithin the option
value model of equation (2.5) and the peak valudehof equation (2.7). We will illustrate this witivo
simple hypothetical early retirement schemes: taterdite early retirement scheme, and one actlarial
fair scheme. For ease of exposition, we only famugarly retirement benefits in this section. la th

empirical analysis (see section 5) the old-ageipartsenefits will also be taken into account.

We consider the individual's behaviour in the exteecase of a flat-rate early retirement scheme with
eligibility aget,. That is, the replacement rate — pension inconaefeaction of labour inconie- does not
depend on retirement age, and always equalsssume that the wage profilevg is unaffected by
characteristics of the early retirement schemethadndividual's timing of retirement. In this sahe,
pension wealth at eligibility age simply equals benefitsmes the number of time periods until old-age
pensiortimes a discount factor. Denoting ythe age at which the old-age pension starts, gnd b

Bs:= (14p) Y the individual’s discount factor for agewe thus have

® 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.

7 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.



tp-1 B
(2.8) Pa = D B, TaW, -1 = BraW, 1

=N

where some composite discount fagkds used on the right-hand side. Furthermore,étisily checked

that retirement after the eligibility age resutisailoss in pension wealth. To be precisef fot, we have

tp-1 tp-1 tp—1

P = ZﬂstrAWt - Z:BstrAWt—l =TAWg Zﬁst ra(W =Wq)

s=t+1 s=t s=t+1
=AW + B a(Wy — W)

(2.9)

where again some composite individual discounbiggis used. Hence for a nearly constant wage rate,

i.e.W;= W1, we have
(2.10) p; = ~T AW,

This last equation clearly shows that in a flaers¢heme the implicit tax on continued work simply
equals a year’s early retirement benefits. In tleengeneral case of non-constant wages in (2.8xaa
term is added representing potential gains (losteg)ming from the fact that early retirement bisef
are based on the last observed wage rate. Thatligiduals with an increasing wage profile expade a

lower disincentive to continue working than indivads with a constant wage rate.

The option value measu€t) of equation (2.5) discounts the losses due tdutire implicit taxes on
continued work and takes into account potentialrithanges in wages. The peak value meas{tyén
equation (2.7) does not take the potential futti@nges in wages into account and can be directly
computed from (2.9) or (2.10),

-Ip

(211)H(®) = ﬂr{jax {Ztl ps},

where we defineZ:_1 ps = 0. Clearly, for the current case of a flat-rate eaelyrement scheme the

optimal timing of retirement equals the current tintefor whichH(t)=0.



Next, assume that the pension fund adjusts replacerates according to some discount fadt@o that
from its own viewpoint the scheme is actuarially &éand pension wealtR remains constant over time.

Denoting byr, the replacement rate given that the (early) neinet age i$, and definingyg := (1+5) ",

we have
tp—1 tp—1

(2.12) Z’7§rt+1Wt - Z’]strtwt—l =0
s=t+1 s=t

which after some rearrangement gives

tp-1

(2.13) MW :[ s 'J(rtﬂwt ~ W)

s=t+1

=T (FeaaWe — M Weq)

There is some empirical evidence suggesting thahportant share of individuals do have a discoatd
which is significantly higher than that used by sien funds (Samwick, 1998; Gustman and Steinmeier,
2005). For this reason, even in the case of actu@irness from the viewpoint of the pension fund,
pension wealt® may not be constant over all retirement agestlamdet increment in retirement wealth

p: may not be equal to zero. Hence, we write thénueément as

tp-1 tp-1
p: = Z:Bstrtﬂwt - Zlgstrtwt—l
s=t+1 s=t
(2.14) -
=TWeq + Z:Bst (M We = TeWeq)
s=t+1

Finally, substituting (2.13) in (2.14) and rearrgmpgives

(2.15) p; :(gf[ —1thwt_l.

Hence, if the individual discount factor precisetyuals the discount factor used by the pension fund
(p=0), thenp=0 for allt>to, which is equivalent to stating that the pensidmesne is actuarially neutral. In
this case, the peak value equals zEl®) = 0, but the option value measuggt) still depends on future

wages. The latter is precisely in line with thelieamentioned criticism of Coile and Gruber (2000)



However, if the individual discount rate exceedsdiscount rate of the pension fund, then generally

B <77, so thap<0 andH(t)<0, i.e. the peak value indicates that working lorlgads to a loss in

pension wealth.

3. Early retirement schemesin the Netherlands

The Dutch pension system consists of both old-&gesipn provisions and early retirement schemes. The
statutory old-age pension age is 65. From thaoagal Dutch inhabitants are entitled to a statespn.
In addition most employees are entitled to a suppleary occupational pensiBefore age 65 early

retirement schemes apply.

Early retirement schemes have started since thesevdnties of the past century. The first schethes,
so-called ‘VUT schemes’pperated as PAYG systems in which the working fadjmn pays for the
retirement of early retirees. The schemes wereuialie for older workers, and the eligibility cotioins
were rather mild. In the 1990s concerns grew atimiadverse incentive effects and the long rumtied
sustainability of the prevailing VUT schemes. A geal agreement was reached betweersdbial

partners (trade unions and employer organisations) anddvernment to reform the system. The PAYG-
based VUT schemes were gradually replaced by d¢dipitded ‘pre-pension’ (PP) schemes. These new
early retirement schemes introduce actuarial adjeists across different retirement ages. Moreoker, t

early retirement wealth is lower in the new schemes

In the Netherlands, early retirement rules are tiatgal between unions and employer organisatiotiseat
sectoral level of industry. Together with the otteems of employment, the early retirement ruleslaid
down in collective labour agreements. The admiaiiin of the early retirement schemes is the
responsibility of pension funds, special ‘earlyirhent funds’, or insurance companies, wherelnelar
sectors of industry as well as a number of largerprises have their own pension fund. In mostgase
early retirement benefits acenditionally indexed, that is, ER benefits are indexed with respebictit

the inflation rate and the development of contrakctvages, conditional on the pension fund'’s finahci
statust® While computing a financial incentive measuresitet sections we will assume full indexation of

ER benefits, which is a realistic assumption fe pleriod under consideration (198900).

8 See Bovenberg and Meijdam (1999) for details on the Dutch old-age pension system.
? In Dutch, the acronym ‘VUT’ stands for ‘early retirement’.
% The same applies to occupational old-age pensions.
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3.1 Flat-rate early retirement schemes

From the late 1970s on, early retirement schemes agreed upon in many collective agreements and
consequently installed in many sectors of indugirtypical feature of these schemes was its fle, rice.
the replacement rate does not depend on retireagentThe eligibility age was decreased severaktime
most sectors and at the end of the eighties itagas60 or 61 for the majority of the employees. The
schemes were a shared responsibility of the sparhers, and were facilitated by the government
through a favourable tax treatment: pension premiwmre deductible from the worker’s gross salary,
while early retirement benefits were being taxed #sy were a regular source of income. Due # th

progressive tax system the tax advantage was arabie (Kooimaret al., 2004).

The financial conditions of these early retiremssttemes were favourable for older workers: gross
benefits equalled up to 80% of the last earnedsgn@ge, and old-age pension entitlements contitaed
grow as if retirees kept on working. To qualify farly retirement through this scheme, a workedede
to reach the eligibility age and needed to be waykin a sector or firm for at least 10 years. Assth
schemes did not contain any actuarial adjustméritsclearly gave a great incentive to retire atatly

the eligibility age. This is well documented ing.eLindeboom (1998) and Kapteyn and de Vos (1999).

3.2 Actuarially adjusted early retirement schemes

From the mid 1990s on, the flat-rate early retiretrsehemes are being replaced by actuarially asjust
‘Pre-pension’ (PP) schemes. The capital fundeddhBrses are collective (mandatory) savings
arrangements in which workers make savings for then early retirement. A major difference between
the flat-rate and PP schemes is the funding whieinged from PAYG to capital funding. From the point
of view of the individual worker, the funding is\wever hardly relevant (except that he may be coreckr
about the long-run financial sustainability of gerly retirement scheme), as he is mainly intedeisi¢he

financial consequences of the choices he is abieaice.

Under a PP scheme, an employee is eligible toviegethe maximum benefit only if he has contributed
to a PP scheme for 35 or 40 years, depending oextiet regulations of the early retirement schdime.
the employee has a shorter employment history, theeearly retirement benefits will be lowmo rata.

A further difference between both schemes is thagtrly retirement wealth is considerably lowethia
new scheme. In a sample of 105 collective laboweemgents, the Labour Inspectorate (2004) findsithat

most collective labour agreements the gross replanérate at a given retirement age was decreased b

11



at least 10%-points. Second, the old age pengirisrno longer continued to increase during early

retirement, as was the case under the flat-ratenses.

An important ‘price effect’ is caused by the intuation of actuarial adjustments into the PP schemes
Compared to an old flat-rate scheme, where the mfideisure was nearly zero (compare eq. (2.10),
implies that the price of leisure has risen suligthyn Most PP schemes are actuarially fair anoval
taking up early retirement benefits from the agé®bn. Thus, compared to the eligibility age ie iat-
rate schemes, actuarial adjustments are madedbibher and lower retirement ages. This aspect may

induce employees to retire either before or aftex fiormer eligibility age.

3.3 Transitional arrangements

Transitional arrangements were introduced in otdl@mooth the transition from flat-rate schemes to
actuarially adjusted schemes. These transitiomahgements were partly financed by PAYG and partly
by capital funding. In practice, this meant thatstnalder workers continued to face early retirement
arrangements that were close to the old schemesxgegption was the pension fund of civil servants
(ABP), which started reforming their early retiramhechemes relatively early, and introduced some
actuarial adjustments into their schemes from 189 7Civil servants who retired after April 1, 198id
who were born before April 1, 1942 faced a replasstmate of 59% at age 60, while those who were
born later receive 55%. This contrasts conditisomfbefore April 1992, when 80% was received & thi

age (or, for civil servants of local governments tieplacement rate was even received at age 59).

Table 3.1 shows the replacement rates in earlyeraéint schemes in eight included industry sectars f
the period 1989-2000. In four sectors, the eatiyeraent replacement rates have not changed dthiisag
period. For some sectors the transition officialigrted during the period, but the transitionahagement
guaranteed the same replacement rate as in tlabtdte scheme. None of the included sectorsahas
transitional arrangement which is completely adaligrfair, so that postponement of retirement Lt
age of 65 was still discouraged. Note that theomaligovernment and education sectors share the sam
early retirement schemes, and that both theserseoiether with the local government have theilyea
retirement schemes administered by the pensionABfel This pension fund has actuarially fair

schemes, but only until the age of 1.

™ 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.

12



Workers build up a complete old-age pension byrdmuting 35 or 40 years to a pension fund. Under th
flat-rate schemes, early retirees continued tadwl old-age pension rights. Under the PP schehiesst
no longer the case, implying that most early reirare not able to build up a complete old-ageipens
Table 3.2 reports old-age pension replacement fatesworker that would receive a complete old-age
pension in case he works until age 65. The oldpmmsion replacement rates are relevant for constguc
the financial incentive measures discussed in@e&i Note that the low replacement rates for the
catering and cleaning industries do not necessianilyy lower pension benefits, as the franchiseaésju

zero (see note e in table 3.2).

4. Data

4.1 The | PO dataset

The data for this study are drawn from the Dutdome Panell tkomens Panel Onderzoek, IPO)
1989-2000, which is a one percent sample of income héstaf registered citizens of the Netherlands
with at least one registration during the 12-yesiqul. Our selected subsample consists of obsensti
on 2937 individuals who are employed at their Sstthday in one of eight selected sectors of ingyst
and not living on welfare, unemployment insurancdisability insurance at this initial age. We otvee

these individuals from their 55th birthday on.

The IPO dataset is drawn from registers made alailay the Dutch National Tax Office and is
administered by Statistics Netherlands (CBS). talfdhe dataset contains about 75 thousand inafiNgd
per year. The dataset contains individuals thatrenleded in the Dutch municipal registers. Atiti
occurs only because of migration or death, or bezaf permanently moving to an institution (like a
nursing home or a prison). New individuals are adidethe sample every year to compensate for g lo

in numbers of observations because of attrition.

The IPO dataset is particularly suitable for stadygarly retirement behaviour. Besides its accyraay
important advantage is the long time period oveictvive observe individuals. Furthermore, the ddtase
contains industry sector codes (SBI74, SBI93), Wiillows us to merge the individual data with
information from collective labour agreements, irtthg information on institutional early retirement
ages and gross replacement rates. The datasaeirhasdtsadvantages as well, as the Dutch official
registers lack information on education, health pedsion wealth.
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As the information on pension and early retirena@rangements is crucial for our study, we need to
select sectors of industry that match to one amglame collective agreement on the four-digit levetle
for the industry sector. Each of these sectorsah@ension fund which carries out the pension ang ea
retirement regulations. The industry sectors aeif tiespective pension funds that we selectedhier t
study were shown in table 34 The resulting dataset contains 2937 individudisylich 1232 are
employed in the government sector, 741 in the dthucaector, 445 in the health care sector, 22Hén
post/telecom sector and 295 in one of the othéosedJnfortunately, we cannot use the exact
classification of tables 3.1 and 3.2 as the ingustictor codes do not allow us to differentiateveen
national and local government. In the empiricallgsia (see section 5) we will therefore assume ghat

civil servant works at the national government veitgiven probability.

Our sample of individuals who are employed at dgedntains mainly men, only 22% of the sample is
female (table 4.1). The low share of women isrie vith the low employment rate of Dutch women in
this cohort; later cohorts of women have substiytidgher employment rates. The health care pensio
fund (PGGM) has by far the largest proportion ofwem. Only few individuals are single at age 55,levhi

the individuals have on average 0.17 children utiieeage of 18.

As can be read from the table, the individualsunsample have relatively high incomes and are
relatively wealthy. This is in line with the preliag system of seniority wages and the principlethe

life cycle model (see section 2), respectively. Abol% earns more than the Dutch median income. In
particular, employees in the government, educatimhpost/telecom sectors have relatively high iremm
Despite the relatively small number of employeethahealth care sector with a high income, thesimgu
value and mortgage debt is relatively high. Thigipa due to the rather heterogeneous group of

participants with nursing personnel on the one rerdimedical personnel on the other hand.

4.2 Sample size and measur ement

For a proper measurement of the effect of the mefbis important to have sufficient numbers of
observations under the different early retiremehesmes. Of the 1232 observations in the government
sector, 356 observations fall under the old schanae312 observations fall under the new schemée(tab
4.2). The other 564 observations fall under bottestes as at age 55 they are not eligible to arty ear
retirement benefit, while on April 1, 1997 they dedly become eligible for a benefit without having

reached the earlier eligibility age of 61. A conglde categorisation of the observations holdsHerad1

2 The selected pension funds cover about 40% of all employees in the Netherlands aged between 25 and 65.
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observations in the education sector. Of the 44&oiations in the health care sector, 298 obsensti
became eligible for a benefit according to thedi@anal scheme on January 1, 1999. Note, howdékat,

this scheme is highly actuarially unfair (table)3.1

As the regulations of the different early retiretnechemes change at different points in time duoing
observational period, a descriptive analysis orbtegs of aggregated data is not straightforwahne. T
major change in the regulations is however on April997, so that we may be able to see some cliange
early retirement behaviour for the civil servariterathat date. In fact, we use the participantthef

pension funds other than ABP as a control groughduld be noted that the two most important pensio
funds in our control group concern workers in tkealth sector and the post and telecom sector, vareh
presumably the sectors which can best be compaitbdwerkers who are subject to the ‘treatment
pension fund’ ABP? However, we will make a special effort in the ns&ttion to take account of both

observed and unobserved heterogeneity of workedéfarent sectors.

The conditional early retirement probability, l@zard rate, of the participants of the pension funds other
than ABP is slightly lower after April 1, 1997 fal ages except for the age of 61 (right panelgire

4.1). The favourable economic conditions at the@ttie 1990s may have caused a slight changely ea
retirement behaviour. The hazard rate for the etitucaector (ABP) hardly changes after April 1, 799
We may conclude that the transitional arrangemardli induced workers to retire before the agelof 6
(left panel of figure 4.1), although the new systxplicitly allows for this. We may also concludet
workers of the education sector hardly postponely eetirement, which is unsurprising as the tréosi
scheme is not actuarially fair after age 61 (t&lg. The hazard rate for government workers (A&E)
change. Under the old flat-rate scheme some emgdosetired at the ages of 59 and 60, and these
employees are likely to have been working for teal government (see table 3.1). After April 1, 799
very few participants retired before the age of Biis may be an indication of the policy reformrizgi

effective.

5. Empirical strategy and results

The purpose of this section is to estimate the ahphthe policy reform on early retirement behawio
Our identification and estimation strategy is basedhe variation in the starting dates of thegitional
arrangements. We use a mixed proportional hazéedmwadel to explain the duration of employmentrafte

age 55. We use one specification with dummy vaembd estimate the average impact of the reforigh, an

** The government owned a majority of shares in the (then combined) post and telecom company until 1995.
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we use two specifications with measures of thenfifed incentives to estimate the price and wedldrces
more precisely (section 2). In the next sectionwileuse goodness-of-fit measures to check theiiary

of the different model specifications.

We are able to estimate the causal impact of tleemeby exploiting the variation in starting date#fshe
transitional arrangements. We compare the earieneént behaviour of civil servants before andratfte
reform, and we use workers for which the reformrit take place yet as a control group. We use a
control group, because early retirement behaviay have changed because of the favourable economic
conditions during the late 1990s. It is importanhote that the reform could not be evaded by the
individual worker so that so-called anticipatiofeets do not hamper our analysis: every age-cdhoed
pre-determined transitional arrangement and altemnaarly retirement options hardly exist&d.
Nevertheless, for our identification and estimatitrategy we need to assume the impact of the macro
economic conditions on early retirement behavioure the same for all sectors of industry incluited

the analysis. However, as was seen in the pregeckson, our selection of sectors of industry i

control group makes this assumption more plausible.

5.1 Mixed proportional hazard rate model

We use a mixed proportional hazard rate model soritee the time working since the age of 55. The
advantage of a hazard rate model over probit regnes per age from 55 to 64 (which are often used i
the literature) is that hazard rate models acctarthe endogenous selection of those still worlahg
older ages. A probit regression at, e.g., age ¥&sghe probability of early retirement at this age
conditional on working at the birthday of age 68&isTmodel is suitable for policy simulations with
changing incentives at this particular age. The eh@however not suitable for policy simulationghw
changing incentives over the whole range from dg®%4 as the model does not account for the
endogenous change of the population that still watkthe birthday of age 63. Hazard rate models are
designed to take this selection into account. Asd@oint is that probit regressions per age aflmva
different impact of the financial incentives atfdient ages. In our hazard rate model, we restrict

impact of a given financial incentive to be the samwer different early retirement ages.

¥t is possible that alternative exit routes — such as Disability Insurance — become relatively 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 hardly possible during our period of investigation.
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We model the duratiom; of an individuali as the time that elapses between his 55th birthddythe
moment of (early) retirement. Although the datawlus to measur€ in days, we round this duration to
years for two reasons. First, data are to a large exdiistered around (especiatlight after) birthdays so
that measuring; in days would not add much variation. Second,eslasspection of the data reveals that
measurement in days may be not very precise, aaxhauthorities are not so much interested irydail
information but rather in information on a yearlsis. Since retirement is mandatory at the ag® ofhés
implies thafT; will not exceed the value of ten. Retirement igmsed to be an absorbing state: an
individual who is retired will not start working aim*® The hazard rate (or instantaneous exit rate)

A (t | xit,si) for individuali at timet is defined as the marginal probability of immedisggrement,

conditional on not having retired yet before timBefine a vector of time-dependent individual
characteristics;;, a conformable parameter vecf§rand an unobserved individual heterogeneity tgrm

and let

(5.1 A (t‘xit &)= (t)explx, B+ ).

In this equatioriy(t) is the baseline hazard, agds a random term representing unobserved heteeitgen
between individuals. Following Meyer (1990) we vafitimate the baseline hazard semi-parametrically:
we consider a model with observations on a yea$idito get parameters for 0, ..., 9 with one
parameter for each age. The probability that d &bk until timet+1 given that it has lasted untihow
reads as:

(5:2) h(t, %y, &) = P(T; 2t +1T; 2t, %6 ) = exil= Ao (V) explx B+ )]

where

(5.3) Ao (t) = Lt+lA0(u)du.

The vector of parameterk, = [/TO (t)]?:0 can be estimated along with the other parametgisNext, we

assume that unobserved heterogeneity can be obidsadtby 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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(5.4) P(& =) =a,

with the second mass point chosen such that ik, i.e. P&=n2)=1-a, With n,=(1-aexp@))/(1-a).*
Furthermore, note that on the basis of the infoionah our dataset we cannot differentiate between
workers of the national and the local governmeéms.assume workers of the government to be paheof t
national government with a given probability 0.38is probability is based on the proportion of kivi
servants which is working for the national governméhe likelihood of observing a particular retirent
date follows from (5.2), after taking the expedatativith respect to the unobserved heterogeneity ter

using (5.4). Thus, summing over individual workiedexed byi, the likelihood function reads as:

551 :_z'og[c{a— ) T 1) |+ 0= -7 Tk a)ﬂ

whered; equals one if individualis observed until the age of (early) retirement] aero otherwise, ard
is the length of the observed (either completednmompleted) spell. Maximisation of this likelihood

function with respect t@& = (8, Ay, a,n) yields consistent and asymptotically efficientgraeter

estimates.

5.2 Specification with dummy variables

Our first specification makes a distinction betwaetuarially unfair and actuarially fair schememgs
dummy variables. We estimate the impact of thernefon the basis of these dummy variables for the
different relevant early retirement schemes. Tkelte should be interpreted asamerage effect of the
reform from a generous actuarially unfair to a lgsserous actuarially fair scheme, making the
specification robust for possible misspecificatadrihe financial incentives. However, what exacttives
the change in early retirement behaviour remaim$ean. For this reason, the next subsection will

implement a specification with the measures forfili@ncial incentives of section 2.

In general, a worker can fall under three reginiEsa worker may beot yet eligible to an early
retirement benefit. In this case, early retirenigninattractive as the worker will loose all eadirement

rights. (2) A worker may beligible to a flat-rate early retirement benefit. As was seen in section 2.2,

'8 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) have found that, in practice, two or three points of support often suffice.
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early retirement is then attractive as continumgvork hardly leads to a higher life-time incont&). A

worker may besligible to an actuarially fair early retirement scheme.

To allow for the three different regimes in the émapl hazard rate model, we define two dummy
variables: one dummy variahilecentive to retire and one dummy variabiacentive to wait (see table 5.1
for exact definitions). The latter dummy impliesithhe worker will become eligible at some moment i
the future if he postpones early retirement, legdnan incentive to wait. Because of the refoim, t
value of the dummies changes over time for thd sanvants (participants of the pension fund ABRe
dummies for the other industry sectors do not changer time, which makes an interpretation as fant

group’ possible.

The estimation results show that the baseline Hagarpward sloping until age 61 and downward sIgpi
after that age (table 5.1). The null hypothesis thea baseline hazard is constant is strongly tegeby a
likelihood ratio or a Wald test. This hints at firesence of age dependence. On the basis of datérip
health conditions and a possibly increasing prefedor leisure with age we could expect a
monotonically increasing baseline hazard. An exgtian for the peak at age 61 may be interdependence
of preferences, but measurement error may plajeaaowell as the incentive to retire at exactht tige
may in reality be stronger than expressed by tmendy variables for the reform. As such explanations

relate to misspecification, we will address th&uis in more depth in section 6.

The early retirement behaviour differs significgriketween participants of different industry sestor

Even after correction for individual characteristithe workers of the industry sectors government,
education, Post, Telecom and Agriculture retiraisicantly earlier than the workers of the othettses.

As could be expected, individuals with children &éavlower hazard rate than those without. The dummy
variablehigh income has a positive sign, while the variahlause value has a significantly negative sign.
Interpretation of these outcomes may be hamperexhtitted variable bias, as these variables may be
correlated with for example education. Neitherdtieer individual characteristics nor the year dugsni
have a significant effect on the hazard rate. @mother hand, unobserved heterogeneity turns dag to

important.

The estimate of the dummy varialdheentive to retire is significantly positive. Thus, the old flat-rate
early retirement schemes indeed result in a highgpensity to withdraw from the labour market tlzen
actuarially fair scheme. The dummy varialvieentive to wait has the theoretically correct sign but is not

significantly different from zero. Theoretically @mvould expect that not having reached the eligybil
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age gives a strong incentive to postpone earlyeragnt. But as we could see from the left panébofe
4.1 already, after April 1, 1997 only few workeecitled to retire at the ages of 55 to 59 anyhowes&h
results show that the policy reform is effective, bn average it induced workers to postpone early

retirement. The major cause of this result is thathigh implicit tax at the eligibility age wasmeved.

5.3 Specification with financial variables

Our second specification attempts to capture thpaohof financial incentives more precisely by nmaki
use of measures for the price effect by both tlak palue and the option value, respectively, aed th
wealth effect by the pension wealth variable (secf). An advantage over the previous specificagon
that we can now make use of different sources pétian in financial incentives in order to identihe
effects separately. Thus, in theory, this spedificashould give the best results. On the othedhane
should keep in mind that the specification is boliitassumptions which may not hold true. For this

reason, the specification may be less robust teprisfication (see section 6).

Table 5.2 presents results with the peak value anegsquation (2.7)), while table 5.3 discusses the
results for the option value measure (equation)2Fr the option value measure we assume the
marginal utility of income to fall with consumptipto be precise = 0.75 (see equation 2.6). The relative
valuation of leisure parametd) (s set equal to 1.7, and the individual discaate p) equals 496!
Furthermore, both model specifications use theatdepension wealth in order to estimate the wealth

effect resulting from the early retirement schemes.

Both specifications of the model yield a clear wiealfect as the parameter of the varigt#esion wealth

is significantly larger than zero. So, a largergien wealth induces workers to retire at younger. ag
Furthermore, both specifications yield a clear@géfect as well. Both parameters for tption value

and thepeak value are significantly negative, which is consistentimtheory. A financial reward to
postpone early retirement, in the form of a highemefit level in case of postponement, induces amsrk
to continue working. Most parameters have changéyliitle compared to the estimates of the presgdi
section. A remarkable change is however that tisellre® hazard now continues to increase after age 6

The propensity to retire increases with age, wisdh line with, for example, decreasing healthhvwage.

In order to interpret the estimated coefficientsmagy translate these into marginal effefgtas follows

(for variablexy):

7 We experimented with different parameter values. Within the ranges mentioned in footnote 5 there was not much variation in the results.
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where¢ denotes the individual’'s expected time spent iyeatirement (measured in years). Details on
the exact computation &f are provided in the appendix. Measuriadn 100,000s of euro, we compute
marginal effects at sample average values fop¢ak value andoption value at 0.67 and 0.62,
respectively. Thus, increasing theak value with 100,000 eurd& would induce the average worker to
extend his career by about 8 month8,67-12). The marginal effect of an increaspamsion wealth with
100,000 euros is estimated at -0.39 and -0.47eotisly, depending on which specification is used.
Increasingpension wealth with 100,000 euros would induce the average waikeixtend his career by 5
to 6 months. Stated differently, the average wovkeuld extend his working career by one year either
he receives about 150,000 euros extra paid oubgew (price effect), or if his pension wealth is
decreased by about 250,000 euros (wealth effelat)s,Tthe early retirement decision is more seresttiv
changes in the price of leisure than to changéssipension wealth. Again, this is in line with ding, as

wealth changes may equally affect the demandstfar @oods than leisure.
6. Goodness of fit

Although the parameter estimates of the previousmes look plausible, it is an open question hogilw
the models perform in reproducing the observed/eatirement patterns. As the models are not neated
formal likelihood ratio test to compare the modsltheoretically incorrect. Therefore we use otless

formal measures for the goodness of fit.

According to Akaike’s Information Criterion (Akaik&973) and Schwarz’s Information Criterion
(Schwarz, 1978), the model on the basis of the duwemiables outperforms the two other models. The
criteria are based on the likelihood, and are ofised in practice to compare non-nested models. The
criteria correct the log-likelihood for the numlmdrobservations and the number of parameters. éseth
latter figures are however the same for our thredehspecifications, the criteria boil down to mgle
comparison of the log-likelihoods. The model on Itlasis of the dummy variables clearly performs,best

while the two other models perform about equallyiwe

'8 Note that the peak value is measured in terms of net future cash flows, viz. equation (2.7). An additional incentive of 100,000 euros thus equals about
3 to 4 net year salaries of the average worker (compare table 4.1 which reports average gross salaries).
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As the different pension funds of the industry eecbffer rather different incentives to retireisit

informative to see how the models perform in teofgredictions of the conditional early retirement
probabilities (hazard rates) at different agesadrticular, some early retirement schemes shomgtro
incentives to retire at one particular age, i.eication (ABP) , Post/telecom (TPG/KPN) at age 6d the
health care sector (PGGM) at age'6The non-parametric Kaplan-Meier hazard rates lyleiow the
existence of these incentives: the hazards of ¢idncgABP) and Post/telecom (TPG/KPN) reach a clear
peak of 56% and 77% at age 61, while the hazatldeofiealth care sector (PGGM) reaches a peak of 59%
at age 60 (table 6.1).

The models perform reasonably well in the sensktligapredicted hazard rates reproduce the agerpait
of the different industry sectors (table 6.1). Néveless, the models have difficulties in reprodgdhe
level of the peaks for some sectors. This is palgtity true for the health care sector (PGGM). Rdbat
the baseline hazard of the three models showslagreaclear jump at age 61, leading to excess
retirement at that age. As the pension fund ohtredth care sector (PGGM) gives an incentive tioeret
age 60, it is rather obvious that the model hagcdifies in reproducing an age pattern with a patéige
60. In the literature, some models perform betidgerms of predicted hazard rates, for example{rGars
and Steinmeier (2005). Note, however, that theylneexplain only two peaks in the hazard rates for
workers who all face the same early retirementsehéVe need to explain hazard rates for workeits tha

face many more different schemes (table 3.1).

On the basis of simple goodness-of-fit measurethfohit rate per industry sector, we again corelint
our model on the basis of dummy variables for #ferm is the best performing model. As our inteigst
in predicting the hazard rates per sector, we coctsé simple goodness-of-fit measure which can be

calculated easily per sector:

1 63 2 _ 63
t=55 t=55

with weightsw; and the observed and predicted conditional eatlgement probabilitiep, and p; . A

natural choice for the weights may be the numbeabskrvations.

* The ABP(gov) includes workers of the national and the local government, who face different early retirement schemes.
2 Heckman and Walker (1987) discuss formal tests for the goodness-of-fit, but in practice these are seldom used.
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According to our simple goodness-of-fit measures,model on the basis of the dummy variables is the
best performing model for all industry sectors; geelast two columns in table 6.1. The modelshan t
basis of the financial variables seem to do abqually well. The fact that the measures are closme
does not necessarily mean that the models are denygwell: the models are able to reproduce thallsm
hazard rates at age 55 to 59. Most of the actievelier takes place at ages 60 and 61. In partioular
first measure gives little weight to these agethasiumbers of observations are low at these ages.
Therefore we construct a second measure whichmmteseigh with the number of observations (last

column). But according to this measure the firstielas the best performing model as well.

Why do our models have difficulties in reproducthg peaks in the hazard rates? In particular, adeain
with dummy variables seems to do rather well, ageertheless the peak remains a problem. We cak thin
of two explanations: measurement error and misfipation. We discuss two special cases of
misspecification that are often mentioned in therditure: interdependent preferences and irregielain
intertemporal optimisation behaviour:

Measurement error: although our dataset allows us to observe eatigement incentives of individual
workers in more detail than datasets of previoudiss, it does not allow us to observe the exaty ea
retirement and pension rights. In particular, foe tonstruction of the financial variables we niechake
assumptions. Note that for the model with dummyaldes, we only need to assume a worker to be
working in a firm or a sector for the last 10 yedrsis assumption is less strong than the assumptio
complete contribution histories we have to mak#h@models with financial incentive measures. R t
reason, our first model with dummy variables ighkto be less seriously affected by measuremeat.er
Interdependent preferences. our estimation results show excess retiremeagat6l (table 5.1), or a jump
in the early retirement probability at this agelés 5.2 and 5.3). This may be the result of irgpeshdent
preferences. The baseline hazard will pick up dependent preferences as long as it is the samalbve
industry sectors. As the workers in the health sactor do not show excess retirement at age 61,
interdependent preferences may however vary bysimglsector. Allowing for different baseline hazard
per industry sector may correct for this kind obsgiecification. But it may lead to overfitting bkt
model as well. A better strategy would be to explaterdependent preferences, but this is beyoad th
scope of this paper. Examples of empirical apgbeeatin consumption and labour supply are Kapttyn
al. (1997) and Woittiez and Kapteyn (1998).

Irregularitiesin intertemporal optimisation behaviour: more and more evidence is becoming available
that people do not behave according to the starldarclcle model with rational expectations andet
consistent planning behaviour. This may be a ssribreat to the option value model, but also topisek

value model which discounts future early retirentmariefits. The question how non-standard optinugati
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behaviour affects early retirement behaviour isdmelythe scope of this paper as well. Fredesici.

(2002) provide a recent overview of issues in tdiseounting and time preferences.

7. Conclusion

In this study, we estimate the causal impact céaunty retirement reform on early retirement behaxio
We exploit the variation in starting dates of titineal arrangements from actuarially unfair schene
more actuarially fair schemes. It is important teenhat the reform could not be evaded by the iddal
worker so that so-called anticipation effects dohmmper our analysis: every age-cohort faced pre-
determined transitional arrangement in which naviddal worker had the possibility to retire withet

old scheme before the new scheme became relevahigavorker. The dataset we use for this purpose,
the Dutch Income Panel 1982000, is based on administrative records of thelMational Tax Office.
Estimating hazard rate models for early retiremametfind that the policy reform induces workers to

postpone early retirement.

The reform of the Dutch early retirement systenmsesumajor changes in the individual early retireimen
rights. First, the actuarial adjustments in the sehemes introduce a price effect as the pricéefeure
becomes ‘more fair’. Secondly, the new schemesdldotzer early retirement wealth which potentially
leads to a wealth effect, i.e. less resources toh@ase leisure time. By modelling the exact finahci
incentives and using them in our empirical modelc#ation, we try to disentangle the empirical
relevance of these two effects. According to otirmegtes, an increase in the ‘peak value’ of 100,000
euros would make the average worker extend hischge8 monthd! while a decrease in his early
retirement wealth by the same amount would inducareer extension of 5 months. Although the
estimation results look quite reasonable, simutatishow that the models with the financial incesgiv
have a harder job in predicting the peaks in eatijement at certain ages than the model with sbbu
dummy variables for the reform. Measurement ernor misspecification due to interdependent

preferences and irregularities in individual iréenporal optimisation behaviour may play a role here

As early retirement will remain important on thdipp agenda, more research to answer some open
guestions is needed. First of all, better datainbthby merging information on individual early
retirement and pension rights to the administradiat from the Dutch National Tax Office will laige
rule out the problems with measurement error. Wiishelp to get a better identification of the ggiand

% The peak value is defined as a worker's increase in lifetime wealth if he decides to continue working for one year (see section 2).
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wealth effects in early retirement behaviour. Selgdrehavioural aspects are likely to be important.
Therefore, the incorporation of behavioural eleraémto the empirical analysis of early retiremeit ke

a major challenge for the future.
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Appendix A. Computation of marginal effects

In this appendix we show how the estimated coeffits of the hazard model can be translated into
marginal effects. The coefficients of the hazardiel@re gathered in the vecf(see equation (5.1)) and

may contain financial incentive measures such epéak value, option value, and pension wealth.

Given some early retirement hazard rdtg it is standard to show that the correspondirapability for

retirement at time is given by?
t-1

(A1) fo(t) =AM[] A= A(S)).
s=0

It is however possible that workers make use efra#ttive exit routes, such as Disability Insurafiz@.

Denote the DI hazard rate at timiey u(t). Equation (A.1) then generalises to
t-1

(A2) F(O)=AM[] Q- A(s) - u(3))-
s=0

Now, the probability that the individual retirestiame t conditional on retirement through the official lgar

retirement scheme equals

_ f@
A3) glty=— 2
(A.3) g(t) Zigof(s)

so that the expected period spent in early retirgraguals

10
0t (1)

A.4) £=10- :
(A.4) 1 (o)

2 This is the discrete time analogue of equation (2.4) on p. 9 in Lancaster (1990).
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Although not shown explicitly in the current notatj A andf are still conditional on a vector of
exogenous variables(compare equation (5.1)). Hence, the changer@sulting from a marginal
change in the variabbe equals

10
(A.5) £k=i{= 9 [totf (t)}

Xy Xy igo f (1)

Using equation (A.2), this quantity can be compdtrdeach individual using numerical differentiaticA
straightforward estimator df is then simply the average of all individual valder &. The DI hazard
rates used in equation (A.2) are obtained fromegmafe statistics.
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Tablesand figures

Table 3.1 Early retirement replacement rates for 8 selected sectors, 198920007

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

National government, education (ABP)

< 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%

Local government (ABP)

<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% T75% 75% 75%

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

Health care (PGGM)

<January 1, 1999 0% 0% 0% 0% 0% 80% 80% 80% 80% 80%
2 January 1, 1999 in 1939 - - - - 40% 80% 80% 80% 80% 80%
in 1940 - - - 40% 40% 79% 79% 79% T79% 79%
in 1941 - - 0% 39% 39% 78% 78% 78% 78% T78%
in 1942 - 0% 0% 39% 39% 77% 77% 77% 77% 77%
in 1943 0% 0% 0% 38% 38% 76% 76% 76% 76% 76%
in 1944 0% 0% 0% 38% 38% 75% 75% 75% 75% 75%

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

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

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

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

aWe select industry sectors for which (i) workers can be identified on the basis of their industrial sector code (SBI) in the dataset that we
will use, and (i) for which we are able to construct the early retirement replacement rates. Arrangements for workers born after 1945 are
not reported, as these are irrelevant for our analysis. Replacement rates are constant over time from the moment of early retirement until
age 65. Names of pension funds are reported between parentheses. Note that only seven early retirement schemes are presented, as
the national government and education sectors share the same scheme.

Although not reported in this table, both the Agriculture and Cleaning industries changed their early retirement schemes between 1989
and 2000. However, these changes did not affect any person in the dataset that we will use, and are therefore omitted.
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Table 3.2 Old-age pension replacement rates for 8 selected sectors, 198920007

Date of retirement Franchiseb Retirement age
55 56 57 58 59 60 61 62 63 64 65

National government, education (ABP)

< April 1, 1992 15250° 53% 54% 56% 58% 60% 70% 70% 70% 70% 70% 70%
April 1992 — March 1997 15250° 53% 54% 56% 58% 60% 61% 70% 70% 70% 70% 70%
= April 1, 1997 15250° 53% 54% 56% 58% 60% 61% 63% 65% 67% 68% 70%

Local government (ABP)

<January 1, 1995 15250° 53% 54% 56% 58% 70% 70% 70% 70% 70% 70% 70%
Jan. 1995 — March 1997 15250° 53% 54% 56% 58% 60% 70% 70% 70% 70% 70% 70%
= April 1, 1997 15250° 53% 54% 56% 58% 60% 61% 63% 65% 67% 68% 70%

Health care (PGGM)
Full period 13580" 53% 54% 56% 58% 60% 70% 70% 70% 70% 70% 70%

Post/telecom (TPG/KPN)
Full period 15881° 53% 54% 56% 58% 60% 61% 70% 70% 70% 70% 70%

Agriculture (BPL)
Full period 13739° 53% 54% 56% 58% 70% 70% 70% 70% 70% 70% 70%

Catering industry (PHC)
Full period 0 14% 15% 15% 19% 19% 19% 19% 19% 19% 19% 19%

Cleaning industry (BPSG)
Full period 0o° 9% 9% 10% 10% 10% 12% 12% 12% 12% 12% 12%

a See note a in table 3.1.

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.
©n 2004.

d In 2003.

¢ In 2002. 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 4.1 Sample statistics of workers in 7 selected industry sectors at age 55, 1989-2000

government education health care post/telecom agriculture catering cleaning Total
Observations 1232 741 445 224 172 71 52 2937
Individual characteristics
Female 0.13 0.26 0.50 0.12 0.10 0.24 0.31 0.22
Single 0.09 0.09 0.14 0.04 0.07 0.10 0.12 0.09
Children (<18y) 0.12 0.23 0.16 0.16 0.31 0.25 0.31 0.17
Financial characteristics
Gross wage (x€1000) 42.00 48.37 36.87 34.51 34.90 37.95 28.30 41.50
High income® 0.75 0.81 0.54 0.79 0.53 0.58 042 0.71
House value® 1.65 2.00 2.02 2.05 1.75 1.14 0.89 1.76
Mortgage” 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.
Table 4.2 Number of observations per regime, workers in 7 selected industry sectors, 1989-2000
Industry sector Start of vut? Both Transitionb Total
transition

Government (ABP) April 1997 356 564 312 1232
Education (ABP) April 1997 116 412 213 741
Health care (PGGM)C January 1999 147 298 0 445
Post/telecom (TPG/KPN) - 224 224
Agriculture (BPL) - 172 172
Catering industry (PHC) - 71 71
Cleaning industry (BPSG) - 52 52
Total 1138 976 525 2937

a . .
Generous flat-rate early retirement scheme (see section 3.1)

Transitional arrangement to less generous and actuarially fair early retirement scheme (see section 3.3)

c " o . .
Note that the transitional arrangement of the health care sector is highly actuarially unfair (table 3.1).

Source: Dutch Income Panel (Statistics Netherlands), 1989-2000, own calculations.
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Figure 4.1 Conditional early retirement probabilities (hazard rates) before (B) and after (A) April 1, 1997°

% %
70 4 70 -
60 | 60 -
50 - : 50 |
40 + 40 4
30 - 30 4
20 4 20 1
10 A 10 1
0 0 : T T T T ; )
55 55 56 57 58 59 60 61 62
— Gov (ABP), B --- Gov (ABP), A -~ Edu (ABP), B ----Edu (ABP), A — Other sectors, B --- Other sectors, 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
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Table 5.1 Estimation results, model specification with dummy variables

Variable Estimate®

Baseline hazard

Age 55 -4.87
Age 56 -4.84
Age 57 -4.29
Age 58 -4.63
Age 59 -4.08
Age 60 -2.85
Age 61 -1.95
Age 62 -2.42

Age 63 and 64 -2.70

Year dummies

1990 0.20
1991 -0.36
1992 0.50
1993 0.26
1994 0.10
1995 0.22
1996 -0.27
1997 0.01
1998 -0.31
1999 -0.07
Statistics

Number of

observations

Log-likelihood

Std. errorb

(0.58)
(0.62)
(0.61)
(0.62)
(0.62)
(0.60)
(0.90)
(1.02)
(1.07)

(0.50)
(0.49)
(0.45)
(0.45)
(0.45)
(0.45)
(0.45)
(0.47)
(0.48)
(0.48)

2937

—1924.86

Variable Estimate®

Industry sectors

Gov/Edu (ABP) 1.02
Post/telecom 2.19
Agriculture (BPL) 1.24
Catering (PHC) 0.01
Cleaning (BPSG) -0.98

Indiv. charact.

Single woman -0.09
Single man 0.16
Non-single woman -0.27
Children -0.28
High income 0.60
Mortgage debt 0.01
House value -0.07

Incentive variables®
Incentive to retire 2.28
Incentive to wait -0.08

Heterogeneity
a 0.46
n -2.56

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

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

Std. errorb

(0.29)
(0.34)
(0.35)
(0.42)
(0.70)

(0.28)
(0.24)
(0.20)
(0.13)
(0.15)
(0.03)
(0.03)

(0.29)
(0.21)

(0.05)
(0.68)

The dummy variable incentive to retire is defined as being eligible for a flat-rate early retirement benefit, 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
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Table 5.2 Estimation results, model specification with peak value

Variable Estimate®

Baseline hazard

Age 55 -3.91
Age 56 -3.90
Age 57 -3.40
Age 58 -3.69
Age 59 -2.96
Age 60 -1.83
Age 61 -0.19
Age 62 0.60
Age 63 and 64 1.39

Year dummies

1990 0.31
1991 -0.24
1992 0.59
1993 0.45
1994 0.25
1995 0.35
1996 -0.10
1997 -0.20
1998 -0.65
1999 -0.45
Statistics

Number of

observations

Log-likelihood

a

Std. errorb

(0.50)
(0.54)
(0.55)
(0.56)
(0.56)
(0.54)
(0.57)
(1.20)
(1.29)

(0.50)
(0.49)
(0.45)
(0.45)
(0.45)
(0.44)
(0.45)
(0.46)
(0.46)
(0.46)

2937

—-1974.37

Variable

Industry sectors
Gov/Edu (ABP)
Post/telecom
Agriculture (BPL)
Catering (PHC)
Cleaning (BPSG)

Indiv. charact.
Single woman
Single man
Non-single woman
Children

Mortgage debt
House value

Financial variables
. C
Pension wealth
d
Peak value

Heterogeneity
a

7

Reference groups: health care (PGGM), 1989, pre-pension scheme, non-single man.

b

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

Estimate®

0.13
1.22
0.73
0.21
-1.16

-0.15
0.03
-0.53
-0.17
0.02
-0.07

3.27
-5.66

0.27
-4.14

Std. errorb

(0.22)
(0.27)
(0.31)
(0.36)
(0.60)

(0.27)
(0.22)
(0.16)
(0.12)
(0.02)
(0.03)

(0.76)
(1.35)

(0.03)
(1.06)

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

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.
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Table 5.3 Estimation results, model specification with option value

Variable Estimate®

Baseline hazard

Age 55 -3.77
Age 56 -3.84
Age 57 -3.44
Age 58 -381
Age 59 -3.14
Age 60 -2.04
Age 61 -0.37
Age 62 0.31
Age 63 and 64 1.04

Year dummies

1990 0.32
1991 -0.19
1992 0.63
1993 0.49
1994 0.28
1995 0.37
1996 -0.08
1997 -0.18
1998 -0.63
1999 -0.43
Statistics

Number of

observations

Log-likelihood

a

Std. errorb

(0.54)
(0.58)
(0.57)
(0.58)
(0.56)
(0.54)
(0.57)
(1.09)
(1.16)

(0.51)
(0.50)
(0.46)
(0.46)
(0.45)
(0.45)
(0.45)
(0.47)
(0.47)
(0.47)

2937

-1975.79

Variable

Industry sectors
Gov/Edu (ABP)
Post/telecom
Agriculture (BPL)
Catering (PHC)
Cleaning (BPSG)

Indiv. charact.
Single woman
Single man
Non-single woman
Children

Mortgage debt
House value

Financial variables
Pension wealth®

. d
Option value

Heterogeneity
a

7

Reference groups: health care (PGGM), 1989, pre-pension scheme, non-single man.

b

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

Estimate®

0.23
1.34
0.76
0.23
-1.06

-0.09
0.01
-0.46
-0.18
0.02
-0.07

3.96
-0.35

0.27
-3.95

Std. errorb

(0.22)
(0.27)
(0.31)
(0.37)
(0.61)

(0.27)
(0.22)
(0.16)
(0.12)
(0.02)
(0.03)

(0.75)
(0.09)

(0.03)
(0.90)

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

Option value is the difference between utility from delayed optimal retirement and immediate retirement (equation (2.5)). We assume

k=1.7 and y= 0.75 (equation 2.6).

Source: Dutch Income Panel (Statistics Netherlands), 1989-2000, own calculations
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Table 6.1 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

Government (ABP)

# obs. 1232 937 709 532 366 253 139 55 20
hazard 5.0 2.9 51 3.6 10.1 22.5 46.0 16.4 5.0
M_IV 2.9 2.9 4.7 3.4 8.9 25.4 47.7 18.9 14.2 0.984 0.983
M_PV 2.7 2.8 4.4 3.4 8.5 24.2 51.3 18.3 13.0 0.982 0.977
M_OV 2.7 2.8 4.4 3.5 8.6 24.1 51.1 18.4 13.2 0.982 0.978

Education (ABP)

# obs. 741 592 462 372 284 189 123 34 18
hazard 1.2 2.2 2.6 3.0 5.3 7.4 56.1 17.6 16.7
M_IV 2.7 2.8 4.5 3.2 5.6 16.4 52.6 15.6 11.6 0.978 0.964
M_PV 2.7 2.7 4.4 3.5 7.3 19.2 54.2 19.3 10.5 0.973 0.956
M_OV 25 2.6 4.2 3.4 7.3 19.8 54.1 19.1 10.6 0.972 0.954

Health care (PGGM)

# obs. 445 335 258 178 116 68 17 7 4
hazard 0.7 0.0 0.8 11 0.9 58.8 23.5 28.6 0.0
M_IV 0.8 0.9 15 2.9 4.3 31.7 37.2 13.6 6.8 0.963 0.879
M_PV 1.6 1.7 2.6 2.3 4.3 24.3 53.4 23.3 10.9 0.951 0.837
M_OV 1.7 17 2.6 2.3 4.6 23.3 53.2 23.8 10.9 0.950 0.835

Post/telecom (TPG/KPN)

# obs. 224 175 122 83 57 33 17 3 0

hazard 4.5 14.3 9.8 8.4 15.8 24.2 76.5 33.3

M_IV 8.8 8.2 12.1 8.2 11.3 22.3 68.3 52.8 0.981 0.879
M_PV 7.3 6.8 10.3 7.7 13.2 27.1 43.6 12.1 0.973 0.837
M_OV 7.4 6.9 10.3 7.7 13.4 28.1 42.8 12.9 0.972 0.835

Other industry sectors (BPL/PHC/BPSG)

# obs. 295 219 165 106 70 37 19 13 7
hazard 0.7 0.5 9.7 6.6 14.3 32.4 211 23.1 14.3
M_IV 2.0 2.1 3.2 4.3 17.1 32.6 30.9 15.9 14.3 0.983 0.949
M_PV 2.6 2.6 3.8 4.1 12.4 29.5 41.4 22.4 18.6 0.980 0.923
M_OV 2.8 2.8 4.0 4.2 11.9 28.3 41.6 224 18.2 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_QOV is model with option value.
¢ Goodness-of-fit measures, see equation (6.1). 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
industry sector is very small and we did not include this age in the table.
Source: Dutch Income Panel, 1989-2000, own calculations
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