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Abstract

In the early 1990s, the Dutch labour unions andleyep organisations together agreed to transfone t
generous and actuarially unfair early retiremeiesaes into less generous and actuarially fair sekem
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impact of the policy reform on early retirement belour. We use a large administrative dataset, the
Dutch Income Panel 1982000, to estimate hazard rate models for the ratiréd age. We conclude that
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1. Introduction

The Dutch labour force participation rate of theegly was low compared to other western countiies.
1990 the employment-to-population ratio for age®db4 was 29.7 percent. Partly due to the favoerabl
economic circumstances at the end of the 199Gsrdle increased to 46.6 percent in 2004, but still
remained below the OECD average (OECD, 2005a).o8tjh the problem of an ageing population is less
severe for the Netherlands than for many other t@ms) and the capital funding of occupational pems
makes government finances less vulnerable to agdiogether, the low participation rate before dige
of 65 remains high on the policy ageridas an increasingly broad base of tax payers isired to bear
the financial burden of an expanding senior citipepulation, it is often advised that the labouc#o
participation of the elderly in the Netherlands glddoe increased (see, e.g., OECD, 2005b).

An important aspect of the low participation ratére elderly are the financial incentives
encouraging early retirement. Empirical evidencahmeffects of such financial incentives is avada
for several countries, such as Germany (Borsch4$dpa., 2004), the United Kingdom (Blunded al.,
2004) and the Netherlands (De Vos and Kapteyn, )200de result for the Netherlands is further
reiterated by Kerkhofst al. (1999), using a different data set, the Dutchri@etent Survey (CERRA).
However, on the basis of the same data, Heyma j2@@thes a conflicting conclusion that the
importance of monetary enticements is limited. drogerview article that is mostly based on US
evidence, Lumsdaine and Mitchell (1999) concluag the impact of financial incentives on early
retirement is important, and that it can explaiowtthalf of the observed variation in retiremeniteas
in the US.

Our paper contributes to this literature in two waljirst, we are able to identify effects based on
an unanticipated reform, so that in contrast totrobthe previous literature we hardly need to makg
identifying assumptions. That is, we may directtiraate participation effects of the reform without
having to make assumptions on e.g. utility maxingsbehaviour of individual workerfsSecond, as there
still remains considerable uncertainty surroundéadier estimates, we hope to shed some moredight
participation effects of different kinds of finaatincentives. In particular, we are able to prevekplicit
estimates of labour force participation effectatiisg from (i) a change in the opportunity to take

benefits at an earlier age, (ii) a change in thglicit tax rate, and (iii) a change in pension weal

® Dutch citizens are entitled to a state pension starting at the age of 65.

® These references appear in a compilation of articles, edited by Gruber and Wise (2004) (follow-up of Gruber and Wise, 1999). The German study is
based on the German Socio-Economic Panel, the UK study on the UK Retirement Survey, and the Dutch study on the Dutch Socio-Economic Panel.

" While most of the literature has followed a more structural approach, there are three notable exceptions who also made use of an unanticipated
reform: Krueger and Pischke (1992), who identify the impact of a change in Social Security wealth on the labour supply of older men in the US; Baker
and Benjamin (1999), who use the fact that a Canadian pension reform was introduced at different speeds in Quebec and the rest of Canada; and Rged
and Haugen (2003), who make use of the introduction of a new early retirement scheme among a “quasi-random” group of Norwegian workers.



In the early 1990s, both labour unions and employganisations recognised the adverse
incentive effects of the prevailing early retirerhprograms, and jointly decided to gradually tramnsf
them into less generous and more actuarially t&iemes. Until then, the early retirement schemas we
highly actuarially unfair, leading to high implidéx rates on labour income of the elderly. Thisisien
led to a series of changes in the early retireraenémes. The starting dates of the new early neging
programs varied by industry sector. In this stuslg,exploit this variation in starting dates to estte to
which extent financial incentives affect the (epristirement decision.

The reforms affected the (early) retirement decisibindividuals in total in three different ways.
First, some interventions allowed employees to tgkearly retirement benefits at a much younger age
than before. Typically, the eligibility age was @061 in the old schemes, while it became 55 imine
schemes. An important aspect of the early retirdraeimemes is that workers only qualify for early
retirement benefits if they have paid work rightdse the eligibility age. Thus, the old early retiment
schemes contained an incentive to continue workgig until the higher eligibility ages. This indgre
was removed in the new schemes. Second, as somgragrams introduced actuarially adjusted early
retirement benefits, this implied a ‘price effefdt substitution effect) as retiring employeests@ito pay
the ‘fair price’ for leisure. This implied a hugkift compared to the previous early retirement sebe
where after becoming eligible for early retiremérd price of leisure was virtually zero. In othesrds,
the high implicit tax rates on labour income wesmoved for an important part under the new schemes.
Finally, the new schemes affected ‘early retirenvegalth’, i.e. typically less financial resourcesre/
available for the purchase of leisure. This ‘incosffect’ or ‘wealth effect’ potentially leads to a
postponement of early retirement. In this papedigentangle the estimated behavioural effectsthase
three components.

It is important to note that although the reforrosid be foreseen, they could not be evaded by the
individual worker. Therefore so-called anticipatieffiects do not hamper our analysis. Every age4toho
faced a pre-determined retirement program and mievdiad the possibility to retire with the old eaie
prior to the introduction of the new regime in aigation of harsher retirement benefits. Furthemndris
also important to note that the timing of the idiotion of the new schemes is exogenous with réspec
worker preferences and with respect to the demanthlbour. For instance, the reason for the acatddr
introduction of the new early retirement programdivil servants was that the government had detide
cut back expenditures, and the new retirement regiffered an opportunity to do so. The early
retirement arrangements for civil servants willdue main source of variation over time, while
individuals in (a selection of) other sectors \piiincipally serve as control groups.

The dataset we use, the Dutch Income Panel-Z48W, is based on administrative records of the

Dutch National Tax Office. Estimating hazard rated®is for the duration until retirement we findttha



the policy reform induced workers to postpone esgtirement. In particular, we find that (i) remogi
the incentive to wait for the early retirement @itity age has not led to increased retirementaainger
ages, (ii) introducing actuarial adjustments ifyemtirement schemes has led to important labappky
effects of the elderly, and (iii) reducing earlyirement wealth has generated a positive labouplgup
effect, although smaller in magnitude than the fereffect.

The organisation of this paper is as follows. latie® 2 we describe the early retirement schemes
in the Netherlands and we explain how the reformsehaffected workers’ incentives. The data used in
our analysis are discussed in section 3. Sectidiscusses the empirical strategy, and in sectite5

estimation results are presented. Finally, sedioconcludes.

2. Thereform of the Dutch early retirement schemes

The Dutch pension system consists of both old-agsipn provisions and early retirement schemes. The
statutory old-age pension age is 65. From thabag®utch inhabitants are entitled to a state pensn
addition, most employees are entitled to a suppiéang occupational pensidrBefore the age of 65
early retirement schemes apply. The precise retirgmules are determined by negotiations between
unions and employer organisations at the secteval lof industry and are administered by pensioml$y
special ‘early retirement funds’, or insurance camips. Together with the other terms of employment,
these rules are laid down in collective labour agrents. This means that participation in the early
retirement scheme is mandatory for employees {shaaying the premiums; the (early) retirement
decision is out of free will).

In the Netherlands, early retirement schemes westiitroduced in the 1970s in the form of the
so-called ‘VUT schemes’' These schemes operated as pay-as-you-go (PAY@nsysn which the
working population pays for the retirement of eadirees. The arrangement was favourable for older
workers, and eligibility conditions were relativatyild. In the 1990s concerns arose about the advers
incentive effects and the long run financial susthility of these retirement schemes. A general
agreement was reached between labour unions, eergoganisations, and the government to reform the
system. Initially, some small changes were madbdsystem, such as increasing the eligibility age
lowering the replacement rate. Thereafter, the PA&Sed VUT schemes were gradually replaced by
capital funded ‘pre-pension’ (PP) schemes. Theseaaly retirement programs introduced actuarial
adjustments between different retirement agessgo ereate better incentives to delay retiremiant.

addition to that, the individuals’ early retirememtalth was typically lower in the new programsthis

8 See Bovenberg and Meijdam (1999) for details on the Dutch old-age pension system.
° In Dutch, the acronym ‘VUT' stands for ‘early retirement’.



section, we first discuss the original early retient schemes and their successors (subsectio2s3).1-
As the individuals in our sample may be subjeditferent schemes in different years, this may lead
guite complicated early retirement incentives atitidividual level. In order to explain how this fke in

detail, we have included the description of afiiotis individual in subsection 2.4.

2.1 Flat-rate early retirement schemes

From the late 1970s on, early retirement schemes agreed upon in many collective agreements and
consequently put in place in many sectors of ingust typical feature of these VUT schemes was that
the replacement rate did not depend on retirenrgmmt Bhe eligibility age was decreased several times
most sectors and at the end of the 1980s it was@ge 61 for a majority of employees. The schemes
were a shared responsibility of labour unions amgleyers organisations, and were facilitated by the
government through a favourable tax treatment: ipanzremiums were deductible from the worker’s
gross salary, while early retirement benefits weging taxed as if they were a regular source ajnme.
Due to the progressive tax system the tax advamtageconsiderable (see Kooimetral., 2004).

The financial conditions of these flat-rate eadtirement schemes were favourable for older
workers: gross benefits equalled up to 80% of #ist éarned gross wage, and old-age pension
entitlements continued to grow as if retirees l@aptvorking. To qualify for early retirement throuttis
scheme, a worker needed to reach the eligibilityagd needed to be working in a sector or firmator
least 10 years. As these schemes did not contgincinarial adjustments, there was clearly a great
incentive to retire at exactly the eligibility agbe formal argument is given in appendix A). Tisisvell
documented in, e.g., Lindeboom (1998) and Kapteyghde Vos (1999). During the period that VUT
schemes were being shaped, the employment-to-gaputatio for men between the ages of 55 and 64
dropped from to 63.2 percent to 44.2 percent (18990; based on OECD, 1996).

2.2 Actuarially adjusted early retirement schemes

In the 1990s concerns arose about the long rundiabsustainability of VUT schemes. Labour unions,
employer organisations and the government agresdathroad base of tax payers was required tothear
financial burden of the ageing of the Dutch popatatTherefore, they decided to transform the
retirement programs. The reforms initially compds# small changes in the conditions of the flaera
VUT schemes. The eligibility age was increasedthedeplacement rate was lowered in several sectors

including for example the government and the edocat sector.



A couple of years later, a more fundamental refaras agreed upon: all existing VUT schemes
would in the long run be replaced by ‘pre-pensi@P) schemes. These schemes should differ from the
VUT schemes in several ways. First of all, the Bfemes would be capital funded, unlike the VUT
which was a PAYG system. In fact, PP schemes dlective (mandatory) savings arrangements in which
workers save for their own early retirement. Frdra viewpoint of the individual elderly worker, the
source of funding of his early retirement benafthowever hardly relevant, as he is mainly intergsn
the financial consequences of the personal chbieés able to make.

A more important difference is that the early mtient wealth was often lower in the new
scheme. In a sample of 105 collective labour agesssn the Labour Inspectorate (2004) finds for a
majority of cases that the gross replacement ttadiegdven retirement age was decreased by at 1686t
points. Moreover, the old age pension rights n@ésrcontinued to increase during early retiremast,
was the case under the VUT schemes.

A second important difference is that the pricéecfure would be altered in two different ways.
In the first place, an important ‘price effect’ wdibe caused by the introduction of actuarial adpents
into the PP schemes. Most PP schemes would beaiatifutair, so that the price of leisure wouldeis
substantially after the original eligibility agéhig is formally written out in appendix A). Howeyém the
scheme it is allowed to take up early retirememigtiégs from the age of 55 on, which may have induce
employees to retire earlier than under a VUT schérhe reason is that only individuals with paid wor
would qualify for early retirement benefits undeetVUT scheme, implying an incentive to continue
working until the eligibility age.

A last difference concerned the eligibility criteriSince the PP schemes were individual savings
arrangements, an employee would be eligible toivemethe maximum benefit only if he had contribaite
to a PP scheme for 35 or 40 years, depending oextet regulations of the early retirement schdine.
the employee has a shorter employment history, tieearly retirement benefits will be lowano rata.
This feature of the PP schemes implied that imnedidroduction was not possible. Therefore, long-

lasting transitional arrangements were introduced.

2.3 Transitional arrangements

Transitional arrangements were introduced in otdesmooth the transition from flat-rate schemethto
actuarially adjusted schemes. In practice, howevarned out that most older workers continuedbize
early retirement arrangements that were closed®lti schemes. An exception was ABP, the pension
fund of civil servants and individuals working imeteducation sector. This pension fund startedmrefm

its early retirement schemes relatively early, amidbduced some actuarial adjustments into its s



from 1997 on. The accelerated introduction of thegitional scheme was a consequence of the
government’s retrenchment policy at the time (dse section 4.1).

Table 2.1 shows the early retirement schemes fiint sielected industry sectors for the period
1989-2000. For each sector of industry the replacgmate is shown for each possible retirement date
and age. These replacement rates determine theoletv® benefits that an employee receives froen th
moment of early retirement until age 65. For examngh individual born in 1944 and working in the
health care sector would receive a replacemenbifaf&% given retirement at age 60, while an iralinal
in the 1939 cohort would receive 80% at this sagee Bote that in some instances, employees may be
subject to a combination of different transitiosahemes. Consider for instance a civil servant eyegl
by the national government who was born in Jan@82. For this individual, retirement at age 6&.(in
1993) implies a replacement rate of 80%, whileyegatirement at later ages implies a replacemertoh
75% (see the second and third row of the concerggmly retirement scheme in table 2.1). In the next

subsection we will provide a detailed example ofratividual worker being subject to different regim

[insert table 2.1 here]

In four sectors (post/telecom, agriculture, caggimdustry, and cleaning industry), the early
retirement replacement rates have not changedgithnperiod 1989-2000. The pension funds in these
sectors decided to wait with the introduction diuacial adjustments until after 2000. Some smadinges
took place in the level of the replacement ratatéhealth care sector, but the scheme was highly
actuarially unfair during the entire time periochsaered in this paper. The three remaining sectors
(national and local government and the educatiotogeall have their early retirement schemes
administered by the pension fund ABP. The workerhéese sectors initially also faced a flat-rateTvU
scheme, but starting from April 1997, ABP introdd@etuarial adjustments in its schemes, so that a
worker who postpones retirement is rewarded wighér benefits.

The actuarial adjustments in the early retiremehemes may affect the retirement decision of
individual workers. For example, before 1995 csglvants of the local government had a large imoent
to retire at age 59. This provided them with angp@mbenefit equal to 80% of their last earned wiage
the next six years (up to age 65). Postponingemrgint did not increase the level of the benefésring
one year later still resulted in a replacement oht®0%, but now for five years rather than sixtekfApril
1997, the incentive to retire at age 59 did nosteanymore. Retiring at age 59 resulted in a beoéfi
45% or 48% (depending on the year of birth) andpgmsng retirement until age 60 increased the
replacement rate to 55% or 59%. Given an inteadstaf 4% and taking into account the mortality raft

59-year old individuals, the expected discountddesof the two income streams are the same. Nate t



the early retirement schemes of ABP after 1997 onhtain actuarial adjustments until the age ot%1.
For higher ages the scheme was similar to a flatgeheme again. Hence, during the period 1989-2000
postponement of retirement until the statutory @ pension age of 65 was always discouraged in all
included sectors.

After age 65, workers do not receive an early eatient benefit anymore, but social security (state
pension called ‘AOW’ in Dutch) and an old-age pendienefit. Pension funds take the social security
benefits into account in the calculation of theamentary old-age pension benefits by the use of a
threshold, the so-called ‘franchise’. Individualdyobuild up old-age pension rights over the péarthe
wage that exceeds this threshold (see table 2adoe information). In order to receive a full cide
pension, a worker has to contribute to a pensiad for 35 or 40 years. Under the flat-rate VUT sohs,
early retirees had continued to build up old-agespm rights. Under the new PP schemes this is no
longer the case, implying that not every earlyreetiwill be able to build up a complete old-agesi@m
Table 2.2 reports old-age pension replacement fatesworker that would receive a complete old-age
pension in case he works until age 65. The oldpsgesion replacement rates are relevant for congiguc
the financial incentive measures that we will us¢éhie empirical analysis. Note that old-age pension
replacement rates can both be higher or lower thamarly retirement replacement rates, implyirag th
retirees may experience an income change at ageoéistance, a civil servant employed by theamsti
government before April 1992 receives 80% of hi lacome in early retirement from age 60, and 70%
after the age of 65. Furthermore, note that therleplacement rates for the catering and cleaning
industries do not necessarily imply lower pensienddits as the franchise equals zero (i.e. theipens

funds in this sector do not take the state pensimnaccount, while they do in the other sectors).

[insert table 2.2 here]

2.4 Example

The different regimes of the transitional schenaelleo complicated early retirement schemes at the
individual level. In this section we provide a dktd example for a fictitious individual, in order get
some understanding of the financial incentivesddngan individual worker. We show how the reform
has affected these incentives. For the ease oféiqg we ignore the role of taxes, mortality satand
inflation in this example. In the actual empiriealalysis we do take these factors into account.

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



Consider an individual born on August 1, 1936 whs heen working as a civil servant for the
national government ever since the age of 25. eseareal wage of 33000 euros per year. He eatgrs
sample in August 1991, when he turns 55. When kekshthe retirement scheme offered by his pension
fund at that time, he sees he is not entitled teaaty retirement benefit yet (first lines of taldd and
2.2). Hence, if he stops working immediately, h# mot have any income in the next ten years. After
that, i.e. after age 65, he is entitled to theespansion (about 11475 euros per year for a singleidual)
and the old-age pension. Given retirement at agéh®>ld-age pension will equal 53% - (33000 -5092
= 10600 euros per year. Hence, his total pensiem afje 65 amounts to 22075 euros per year.

The individual concludes that it is best to conginvorking until August 1996, when he turns 60
and becomes eligible to an early retirement benefithat case, he will receive 80% - 33000 = 28200
euros per year for five years (from age 60 to 8%er age 65, his pension benefit will equal 70683000
— 15250) + 11475 = 25475 euros per year. Postpaetirgment one more year (i.e. until age 61) dums
change the level of the retirement benefits. THg difference is that he will receive the earlyireinent
benefits for four years rather than five. Hencthalgh the worker gets a wage of 33000 when he svork
at age 61, he also loses 28200 euros of earlgnetint benefits. The net reward of working is thenef
only 4800 euros that year. This does not seemyaatractive option, so the worker decides thaiviie
retire at August 1, 1996.

However, in April 1992 the worker has to changeians. Negotiations between labour unions
and the government have resulted in a modificatfathe pension scheme: the eligibility age is iased
from 60 to 61. This change is clearly a worsenifithe worker's employment conditions. However, ther
is nothing he can do to avoid it. Retiring immedigts still not an attractive option. Switchingaqgob in
a sector with a more attractive retirement is nsplation either: it would result in a loss of hié early
retirement benefits, because of the requirementwbrk history of ten years in a specific sectdre T
worker could consider to increase his private sgwim order to fund retirement at 60 himself. Hoamgv
given the very short time span left, this optiomds feasible: within five years, the worker wotiave to
save enough money to compensate for the lossef/éars of early retirement benefits. The worker
chooses to postpone his retirement to August 17,18Ben he will become 61.

In the years between 1993 and 1997 nothing chandhse retirement scheme, except for a
reduction in the replacement rate from 80% to 75%s mainly affects the workers pension wealth,ibut
has no major impact on his leisure/labour suppbigien (of course, this needs not be the casevierye
worker). On April 1, 1997 however, there is an intpat change again. The pension fund introduces
actuarial adjustments between age 55 and 61, ingplyiat the worker, who is 60 years old at thagtim
suddenly becomes eligible to an early retirementfie He can retire immediately and get an early

retirement benefit of 59% - 33000 = 19470 eurogHferext 4 years and 4 months (until he reaches ag



65 on August 1, 2001). Nevertheless, due to thaasiel adjustment it is rather attractive to wookif
months more and stick to retirement on August 9719hen the workers turns 61 and becomes eligible
to a benefit of 75% - 33000 = 24750 euros for #ne four years. Continuing to work after that ag@ot
attractive as the benefit level will stay 24750asuper year.

The workers other than civil servants face a \bffgrent planning problem of early retirement
(Table 2.1). Consider, for example, an individualowhas been working for the Post or Telecom ever
since the age of 25. During the complete perio®32800 the early retirement benefit was zero before
age 61, and was 80% of the last earned wage frenagnwards. Early retirement at age 61 was very
attractive, and this did not change over the peuiodier consideration. Only for some individuals kiog
in the health care there have been adjustmenkeindnditions for early retirement. Consider, for
example, an individual born on December 1, 194Q@) tvis been working in the sector ever since age 25.
He enters our sample in December 1995, when he &&nHe faces an early retirement scheme which
offers 80% of the last earned wage from age 60 cusvals retiring at an earlier or a later date is
financially very unattractive (see the exampleha tivil servant), he decides to work until tha¢ a@n
December 1, 1998 he turns 58 and he is still ntileshto an early retirement benefit. Neverthelesds
already informed about a change in the early mei@net conditions: one month later, on January 19199
he will become eligible to a benefit of 40% of thet earned wage. By postponing early retiremetit un
age 60 he will however become eligible to a ber#fit9% of the last earned wage. Although early
retirement ate age 58 is financially unattractigate adjustment of the benefit level is actuariafifair,
the individual may decide to retire at that agedse he sufficiently appreciates leisure.

As the examples illustrate, civil servants and sevaekers of the health care sector could face
different incentives at different moments in tinrethe empirical analysis we take this in to acddun
modelling the hazard rate of exiting into retirermas a function of the incentives at the individsialge.
More details are given in section 5.

3. Data

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 téstof registered citizens of the Netherlands
with at least one registration during the 12-yesniqu. Our selected sub-sample consists of obsensat
on 2937 individuals who are employed at their 35tthday in one of eight selected sectors of inguist
and not living on welfare, unemployment insurancdisability insurance at this initial age. We ohse

these individuals from their 55th birthday on.
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The IPO dataset is drawn from registers made adailay the Dutch National Tax Office and is
administered by Statistics Netherlands (CBS). talteéhe dataset contains about 75 thousand inaséd
per year. The dataset contains individuals thatredleded in the Dutch municipal registers. Attriti
occurs only because of migration or death, or bee&f moving to an institution (like a nursing hoarea
prison). New individuals are added to the sampbryeyear to compensate for the loss in numbers of
observations because of attrition.

The IPO dataset is particularly suitable for stadyearly retirement behaviour. Besides its
accuracy, an important advantage is the long tiet@®g over which we observe individuals. Furtherejor
the dataset contains industry sector codes (SEB#3), which allows us to merge the individualadat
with information from collective labour agreemeritgluding information on institutional early
retirement ages and gross replacement rates. Taseddnas some disadvantages as well, as the Dutch
official registers lack information on educatiomatth and pension wealth.

As the information on pension and early retiremr@rangements is crucial for our study, we need
to select sectors of industry that match to oneany one collective agreement on the four-digiele
code for the industry sector. Each of these setiassa pension fund which carries out the pensidn a
early retirement regulations. The industry sectard their respective pension funds that we seldoted
this study were shown in table 2.1. Note that #leded pension funds cover about 40% of all engaey
in the Netherlands aged between 25 and 65. Thétingsdataset contains 2937 individuals, of which
1232 are employed in the government sector, 74idreducation sector, 445 in the health care sector
224 in the post/telecom sector and 295 in one@bther sectors. Unfortunately, we cannot use xhete
classification of tables 2.1 and 2.2 as the ingustictor codes do not allow us to differentiateveein
national and local government. In the empiricallgsia we will therefore assume that a civil servant
works at the national government with a given philits (see section 5).

Men are the largest group in our sample of indigldwho are employed at age 55; only 22% of
the sample consists of women (table 3.1). The loavesof women is in line with the low employmerntera
of Dutch women in this cohort; later cohorts of wemrhave substantially higher employment rates. The
health care pension fund (PGGM) has by far theelstrgroportion of women. Only few individuals are
single at age 55, while the individuals have orrage 0.17 children under the age of 18.

As can be read from the table, the individualsuinsample have relatively high incomes and are
relatively wealthy: about 71% earns more than thecB median income. This is in line with the
prevailing system of seniority wages. In particumployees in the government, education and
post/telecom sectors have relatively high incorBespite the relatively small number of employees in

the health care sector with a high income, the ingugalue and mortgage debt is relatively high.sThi
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may be due to the rather heterogeneous group t€ipants with nursing personnel on the one hardl an

medical personnel on the other hand.

[insert table 3.1 here]

For a proper measurement of the effect of the mnefibis important to have a sufficient number of
observations under the different early retiremetiesnes. Of the 1232 observations in the government
sector, 356 individuals retired before April 199ahle 3.2). Hence, these individuals were only ettijo
the old scheme. On the other hand, 312 employetibssisector reached the age of 55 after April 1997
implying that they only faced the new scheme. Teaining 564 observations have been subject to both
schemes, in a way that has been discussed in siolns2el. They became 55 before April 1997, butonl
retired after that date. The ones who were ageddsst 55 and 61 suddenly became eligible for a litenef
as a result of the reform. A comparable categadraif the observations holds for the 741 obseovesti

in the education sector. Of the 445 observationthérhealth care sector, 298 observations becagiblel
for a benefit according to the transitional schemelanuary 1, 1999. Note, however, that this sctieme
highly actuarially unfair (see table 2.1). A deptikie analysis on the basis of aggregated datatis n
straightforward, because the regulation of theedéit early retirement schemes changed at different

points in time during our observational period. Eenwe turn to the empirical analysis.

[insert table 3.2 here]

4. Empirical strategy

4.1 | dentification

The purpose of this paper is to estimate the impgitte policy reforms on early retirement behaviou
Our identification strategy is based on the vaviain the starting dates of the new schemes.. \Weace
the early retirement behaviour of civil servantfobe and after the reforms, and we use workersviach
the reform did not take place yet as a control graMe use a control group, because early retirement
behaviour may have changed because of the faveuegibhomic conditions during the late 1990s. The
two most important pension funds in our controlgr@oncern workers in the health sector and thé pos
and telecommunications sector. Workers in thesmsecan presumably best be compared with workers
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who are subject to the ‘treatment pension fund’ ABRonetheless, we will take account of both
observed and unobserved heterogeneity of workedferent sectors in the empirical analysis.

To be able to estimate the causal impact, it isoimamt to note that the reforms could not be
evaded by the individual worker. That is to saycatied anticipation effects do not hamper our gsial
as every age-cohort faced a pre-determined transitarrangement and alternative early retirement
options hardly existetf. Moreover, endogenous switching to other sectosaiso not an option, as a
result of work-history requirements in order to lijfiyefor the early retirement scheme (see sectipn 2
Furthermore, it is also important to note thattiheng of the introduction of transitional schemegs
exogenous with respect to worker preferences attiurespect to the demand for labour. The reason for
the accelerated introduction of the new early etient scheme for civil servants was that the gowen
had decided to cut back expenditures, and one fWwdging so was to cut back expenditures on early
retirement. In other words, the government did fartexample, anticipate an increase in its denfand
labour. Figures from the Dutch National Accountewslthat the number of workers of the government
and education sector remained rather constantglomn period of investigation, while, for examptieg
number of workers in the agricultural sector sliglitecreased and the number of workers in the healt
care sector increased. The increase in labour dewiathe health care sector was and still is partly
predictable due to the ageing of society. So if seetor should have accelerated the introductidhef
new early retirement scheme to anticipate an iseréathe demand for labour it should have been the
health care sector. This did not happen. We arefibre confident that the timing of the reform vagy

exogenous both with respect to worker preferenndsaath respect to labour demand.

4.2 | ncentive measur es

Before specifying our empirical model, we firstaiss some quantitative indicators for the financial
incentives faced by individuals. Some of thesedattirs have been derived from the theoreticaldifele
model. As was mentioned in the introduction, wd wndlt follow a structural approach in estimating th
effects of the pension reform, but instead usestlivegicators in a reduced-form contét.

Stock and Wise (1990a, 1990b) proposed the optiture model, where an economic agent
chooses the retirement date for which expecteityuil at its maximum, i.e. immediate retirement is
optimal iff

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

2 tis 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 routes is 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 the period of our investigation.

3 For papers who did follow the structural life-cycle approach (typically under some set of simplifying assumptions), see a.o. Rust (1989), Rust and
Phelan (1997), Van der Klaauw and Wolpin (2003), Blau (2004), Heyma (2004), French (2005), and Gustman and Steinmeier (2005)
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T T
(4.1) GV = gg{vt IR+ D BBV (Ys | R)} -2 BaEVs(Ys 1) <0

Ss=t+1 s=t

whereG(t) is the option value (OV) of continued work, isenegative value corresponds to immediate
retirement being the optimal decision of the indial. The amount of cash flow to or from the pensio
fund at ages given retirement agR is denoted bB«(R), the indirect utility function by, and cash flows
at some future timeare discounted with a fact@g at present timé In words, the option value gives the
difference between the utility enjoyed by retirerinaithe optimal age of retirement and that obthimg
immediate retirement. This option value model ifaict a simplification of the life-cycle model, aiwd
obtained by interchanging the maximum and expextatperators in the dynamic programming rule of
the life-cycle model. As Stock and Wise note, thpeeted value of the maximum of a set of random
variables is larger than the maximum of their expewalues, so that the option value of continuedkw
is necessarily smaller than would be implied bydkieamic programming rule based on the life-cycle
model. Several authors have questioned whethegdoim the full DP model to the OV model in (4.1)
should be regarded as a simplification, as thedatight as well be a more ‘realistic’ alternattee
describe the individual’s retirement behaviour. lagaine et al. (1992) conclude that the DP model and
the OV model perform equally well in explaining gmeédicting the retirement behaviour of individuals
In a different context (viz. the application forcgl security disability insurance benefits in theited
States), Burkhauser et al. (2003) even concludetieaOV model outperforms the DP model.

In their econometric specification, Stock and W({iE@90a; 1990b) allow for individual specific
random effects in both wage and retirement incddmvever, only very few authors have succeeded in
estimating the full-fledged option value model agioally specified by Stock and Wise. Instead, tos
applications based on (4.1) use the vari&il} in a reduced form context. The most common appbo
is to fix the parameterns k, andp at some given values, and &ft) enter as a linear regressor in a probit
model (e.g., Samwick, 1998; Bdrsch-Supan, 2000ké&emd Borsch-Supan, 2003; Asch et al., 2605).
This is equivalent to estimating the full optioduemodel with fixed parameters, and deterministic
wages and retirement income (Lumsdaine et al., 1992ommon specification for the expected indirect

utility function is

og[wg]” if s<R

(42) EtVs(Ys I R) = {a’st[kBs(R)]y if s=R

* 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).
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whereoy is the conditional survival probability (of reanlgiages conditional on having reached agyews
is the wage at timsg, v is the risk aversion parameter dakpresents the relative valuation of leisure.
We will employ this specification in our empiriaalodel.

Coile and Gruber (2000) note that a potential di@sitof the option value measure is that it is a
function of future wages, and the latter may beagomsource of variation across individuals. Thiglies
that the researcher who is interested in identifyime behavioural effects induced by the earlyegaient
scheme may find that the OV is for a large partsndag the effects of income dispersion rather titen
effects he is interested in. Furthermore, this appih does not allow for estimating the separaceffof
different (complementary) pension schemes. As tmradtive the authors propose making use of the

‘peak value’, which is defined as
T T
(4.3)H() = maX{Z BsE BS(R)} = B+EBs (1)
RR> | ot 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), th&kpea
value is the same as the option value under thergstfons that future wages do not affect the ogtima
retirement age, workers are not risk aversel], and income in retirement has the same utiifye as
income before retiremenk£1). The peak value (with fixed discount rate) isstly used as an explanatory
variable in a reduced form probit model, just ltke option value (with fixed parameters). Applicat
are found in Coile and Gruber (2000) and Asch ef24105).

In addition to the OV and PV measures, we alscauggancial incentive measure for the wealth

effect. Total pension wealth at agis computed as:

N
(4.4) PW(t) = )" B E(Bs(1)

s=t

Using this incentive measure we may estimate treeai the income effect, that is, the extent tookhi

pension wealth is used to finance retirement @ntiargin).

4.3 Mixed proportional hazard rate model
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We use a mixed proportional hazard rate model sorilee the time spent in employment since the &ge o
55. The advantage of a hazard rate model overtpesbmations for every age from 55 to 64 (whicé ar
often used in the literature) is that hazard ratelebs account for the endogenous selection of thilse
working at older ages. A probit regression at,,eage 63 gives the probability of early retiremanthis
age conditional on working at the birthday of a@e Bhis model is suitable for policy simulationghwi
changing incentives at this particular age. The ehhowever 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. Haestimated such a model, both the conditional and
unconditional retirement probabilities can be pcestl given some set of financial parameters.

We model the duratiom; of an individuali as the time that elapses between his 55th birtaddy
the moment of (early) retirement. Although the dataw us to measur€ in days, we round this duration
to years for two reasons. First, data are to a large extlrsttered around (especiatiight after) birthdays
so that measuring in days would not add much variation. Second,arl@sspection of the data reveals
that measurement in days may be not very precisiiyeatax authorities are not so much interested in
daily information but rather in information on aayly basis. Since retirement is mandatory at theeafg
65, this implies thal; will not exceed the value of ten. Retirement igmased to be an absorbing state: an
individual who is retired will not start working ain.*® The hazard rate (or instantaneous exit rate)

A (t]%,.& ) for individuali at timet is defined as the marginal probability of immedigtrement,
conditional on not having retired yet before timBefine a vector of time-dependent individual
characteristics;;, a conformable parameter vecfgrand an unobserved individual heterogeneity tgrm

and let
(4.5) A; (t‘xit  Ei ):/]O(t)exdxit 'BHE)

In this equatioriy(t) is the baseline hazard, agds a random term representing unobserved heteeityen
between individuals. We specify the baseline hagardi-parametrically, such that the age effecofed
a step function with one parameter for each ageMefer, 1990). The probability that a spell lastsil

timet+1 given that it has lasted untithen reads as:

(4.6) h(t, X, &) = P(T; 2t +1T, 2t, .6 )= exd- Ao () explx, ' B+ ),

5 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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where
(@.7) Ao®) = [ A u)du.

The distributionA = [/To (t)]?=0 can be estimated along with the parametefs Mote that the baseline

hazard function in (4.7) carries a bar to indidhig this concerns the average age effect oveyeae
Next, we assume that unobserved heterogeneityeahdracterised by a mixture of two mass

points:
(4.8) P(s, =n) =a,

with the second mass point chosen such that Efgik(, i.e. P&=y.)=1-0, With 5,=(1-aexp())/(1-a).'®
Furthermore, note that on the basis of the infolonain our dataset we cannot differentiate
between workers of the national and the local govents. We assume workers of the government to be
part of the national government with a given pralitt®.39. This probability is based on the protiam
of civil servants which is working for the natiorgdvernment.
The likelihood of observing a particular retiremeiate follows from (4.6), after taking the
expectation with respect to the unobserved hetekigeterm using (4.8). Thus, summing over inditiu
workers indexed by, the likelihood function reads as:

oL =Z'og[a((1— 5 ] ) - b ) T n)j]

whered; equals one if individudlis observed until the age of (early) retirement] aero otherwise, artd
is the length of the observed (either completednmompleted) spell. Maximisation of this likelihood
function with respect t@& = (5, Ay, a,n) Yyields consistent and asymptotically efficientgraeter

estimates.

5. Estimation results

*® Heckman and Singer (1984) argued that results may be very sensitive to the choice of a particular functional form for the distribution of &, and
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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5.1 Specification with dummy indicator variables

Our first specification makes a distinction betwaetuarially unfair and actuarially fair schememgs
dummy variables. We estimate the impact of therne$oon the basis of these dummy variables for the
different relevant early retirement schemes. Tiselte should be interpreted asauerage effect of the
reform from a generous actuarially unfair to a lgeserous actuarially fair scheme. However, what
exactly drives the change in early retirement behawemains unclear. For this reason, the next
subsection will implement a specification with theasures for the financial incentives discussed in
section 4, the peak value and the option value.

A worker may be subject to either one of the follogvthree cases: (1) a worker mayrim yet
eligible for an early retirement benefit. In this case|yemtirement is unattractive as the worker will
loose all his early retirement rights; (2) A workeay beeligible to a flat-rate early retirement benefit. In
that case, early retirement is attractive as coimignto work hardly leads to a higher life-time amee (see
appendix A); (3) A worker may baigible to an actuarially fair early retirement scheme. To allow for the
three different regimes in the empirical hazare rabdel, we define two dummy variables: one dummy
variableincentive to retire and one dummy variabiacentive to wait. The latter dummy variable equals
unity if the worker will become eligible for eartgtirement benefits at some moment in the future,
leading to an incentive to wait (i.e. case (1))e ummy variable ‘incentive to retire’ equals one f
individuals who are subject to a flat-rate earlyreznent scheme (i.e. case (2)), and zero for ethiius,
the reference case is an actuarially fair earlyaetent scheme which can be taken up at any agangta
at the age of 55. Because of the reforms, the salfithese two dummy variables change over time for
civil servants and workers in the education sefgarticipants of the pension fund ABP). The dummy
variables for the other industry sectors do nonhgeaover time, which makes an interpretation astiod
group’ possible.

The estimation results show that the baselinerdagaipward sloping until age 61 and downward
sloping after that age (table 5.1). The null hypsih that the baseline hazard is constant is dirong
rejected by a likelihood ratio or a Wald test. Vilke this as evidence for the presence of age depeead
On the basis of deteriorating health conditions apdssibly increasing preference for leisure \aigle we
could expect a monotonically increasing baselirmatth An explanation for the peak at age 61 may be
interdependence of preferences, but measurememtreay play a role as well. This last argument is a
consequence of the fact that the dummy variablesaiee only two values, while there may be much
more variation in incentives to wait and to retirethe next subsection we will further exploitghi

variation.
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[insert table 5.1 here]

The early retirement behaviour differs significarttietween participants of different industry
sectors. Even after correction for individual clraesistics, the government employees and the weriker
the education, post, telecom and agriculture secttire significantly earlier than the workergfie other
sectors. Individuals with children have a lowergeosity to retire than those without. The dummy
variablehigh income has a positive sign, while the variablause value has a significantly negative sign.
Neither the other individual characteristics na flear dummies have a significant effect on theuthz
rate. On the other hand, unobserved heterogengitg but to be important.

The estimate of the dummy varialiteentive to retire is significantly positive. Thus, the old flat-
rate early retirement schemes indeed resultechiglger propensity to withdraw from the labour marke
than an actuarially fair scheme. The dummy variafentive to wait has the theoretically correct sign but
is not significantly different from zero. One wouwddpect that a worker who has not yet reached the
eligibility age would have a strong incentive tesfaone retirement. But after April 1, 1997 only few
workers decided to retire at the ages of 55 torBfhaw. These results show that the policy reform is
effective in the sense that it induced workersdstpone early retirement. The major cause of #ssilt is

that the high implicit tax at the eligibility ageas removed.

5.2 Specification with financial variables

Our second specification attempts to capture thmagnof financial incentives more precisely by nmaki
use of measures for the price effect by both ttek palue and the option value, respectively, aed th
wealth effect by the pension wealth variable. Comgao the earlier specification, the current setti
offers the advantage that we can now make usdfefelit sources of variation in financial incengvie
order to identify the effects separately. Cleang, need to make some assumptions in order to keg@bl
compute the incentive measures. First, it shoulddied that both early retirement and old-age @ensi
benefits areonditionally indexed, that is, these benefits are adjusted annualbyder to account for the
inflation rate and the development of contractuagi@s, conditional on the pension fund’s finandiatus.
While computing financial incentive measures weauass full indexation of early retirement benefits,
which is a realistic assumption for the period urctnsideration (1982000). Second, we assume that
workers have worked sufficient number of years mghkhem eligible for the full benefits as specifiad
tables 2.1 and 2.2. This assumption becomes eakientiie absence of detailed employment histmfes

individuals.
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Table 5.2 and 5.3 present the results with the pahle (equation (4.3)) and the option value
measures (equation (4.1)), respectively. For ttierlsneasure we assume the marginal utility of inedo
fall with consumption; to be precise= 0.75 (see equation (4.2)). The relative valuatibleisure
parameterk) is set equal to 1.7, and the individual discaate p) equals 4%’ The same discount rate
is used for the calculation of pension wealth, arudtality rates are obtained from the life tablattis

used by all large insurance companies in the Niethes.
[insert table 5.2 here]
[insert table 5.3 here]

Both specifications of the model yield a clear weaffect as the coefficient of the variable
pension wealth is significantly larger than zero. So, a largengien wealth induces workers to retire at a
younger age. Furthermore, both specifications yaetdear price effect as well. The parameters éhb
theoption value and thepeak value, are significantly negative, which is consistenthwheory. A financial
reward to delay early retirement, in the form dfigher benefit level in case of postponement, ieduc
workers to continue working. Most parameters cargito be similar to the estimates of the preceding
section. A remarkable change however is that tiselbee hazard now continues to increase after age 6
The propensity to retire increases with age, wisdh line with, for example, decreasing healthhwit
age™®

In order to interpret the estimated coefficientsmay translate these into marginal effeftas

follows (for variablex):

0¢ _ 00— E[T]) __ OE[T]
0 0% oXy

(6.1)¢ =

where¢ denotes the individual's expected time spent ityeatirement (measured in years). Details on
the exact computation ¢f are provided in appendix B. Measuringn 100,000s of euro, we compute
marginal effects at sample average values foptak value andoption value at 0.67 and 0.62,

" We experimented with different parameter values. Within the ranges mentioned in footnote 14 there was not much variation in the results.

8 According to the testing procedure for non-nested models proposed by Vuong (1989), the peak value and the option value model perform about
equally well: the concerning test statistic is not statistically significant at a five percent significance level. The two models with financial variables are
however outperformed by the model with the dummy indicator variables as the test statistic gives a highly statistically significant outcome in favour of
the latter model.
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respectively. Thus, increasing theak value with 100,000 eurdd would induce the average worker to
extend his career by about 8 month8,67-12). The marginal effect of an increaspanmsion wealth with
100,000 euros is estimated at -0.39 and -0.47eotisply, depending on which specification is used.
Decreasingpension wealth with 100,000 euros would induce the average waidkextend his career by 5
to 6 months. Stated differently, the average wovkeuld extend his working life by one year eithiche
receives about 150,000 euros extra paid out in svggece effect), or if his pension wealth is desed

by about 250,000 euros (wealth effect). Thus, #ryeetirement decision is more sensitive to clenig
the price of leisure than to changes in an indiaigupension wealth. This could be expected, sinealth

changes may equally affect the demand of othergbedides leisure.

6. Conclusion

In this study, we estimate the causal impact @rfaial incentives on early retirement behaviouhi
Netherlands. We exploit the variation in the staytilates of the transitional arrangements fromaaiztllly
unfair schemes to more actuarially fair schemes.ithportant to note that the reforms could not be
evaded by the individual worker so that the soechfinticipation effects do not hamper our analysis:
Every age-cohort faced a pre-determined retirempmygram and no worker had the possibility to retire
with the old scheme prior to the introduction of tihew regime in anticipation of harsher retirement
benefits. Second, the reforms, which took placéezdn the government and education sectors than i
other sectors, can be considered as an exogenocis. §the reason is that it was driven by the
government’s policy to cut back expenditures, apichyy worker preferences. The dataset we use fer th
purpose, the Dutch Income Panel 198300, is based on administrative records of thebbtational
Tax Office. Estimating hazard rate models for eaglirement, we find that the policy reforms have
induced workers to postpone early retirement.

The reform of the Dutch early retirement systemsegumajor changes in the individual early
retirement rights. First, the actuarial adjustménthe new schemes introduce a price effect aptice
for leisure becomes ‘more fair’. Second, the nelestes entail lower early retirement wealth which
potentially leads to a wealth effect, i.e. les®ueses to purchase leisure time. By modelling trece
financial incentives and using them in our emplrioadel specification, we try to disentangle the
empirical relevance of these two effects. Accordimgur estimates, an increase in the peak value of
100,000 euros would make the average worker extendareer by 8 monttf8while a decrease in his

early retirement wealth by the same amount woulldde a career extension of 5 months. A third change

* Note that the peak value is measured in terms of net future cash flows, viz. equation (A.1). An additional incentive of 100,000 euros thus equals about
3to 4 net year salaries of the average worker (compare table 3.1 which reports average gross salaries).
0 The peak value is defined as a worker’s increase in lifetime wealth if he decides to continue working for one year (see section 4).
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in the early retirement schemes was the possiltditgtire at an earlier age than under the olésteh
That is, an incentive to continue working until aibility age was removed. We however did naotffi
any evidence that this has led to an increasedfube early retirement scheme at younger agesnAll
all, we conclude that the policy reform was effegtin increasing the labour supply of the elderly.

As early retirement will retain its place of impanice on the policy agenda, more research to
answer some open questions is needed. First dfedtbr data obtained by merging information on
individual early retirement and pension rights watiministrative data from the Dutch National Tax
Office will largely rule out possible problems dicemeasurement error. This will help to get a lvette
identification of the price and wealth effects arlg retirement behaviour. Second, behavioural etspe
are likely to be important. Therefore, the incogdmn of behavioural elements into the empiricallgsis

of early retirement is still a major challenge foe future.
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Appendix

A. Early retirement schemes and individual behaviour

In this appendix we write out the financial inceas faced by the worker in two extreme types of
retirement schemes: one with full actuarial adjustta across different retirement ages and one wtitho
any actuarial adjustments.

From the viewpoint of the individual, early retirent schemes can be characterised by only a few
parameters. First, in order to receive ‘pensionlthe® at a given ag®, individuals are required to fulfil
certain eligibility conditions. These conditionsualy include an employment constraint and workdrig
requirements. The latter is obviously a naturalditoon in the case of capital funded schemes. S#con
retirement at a higher age thralters pension wealth gy at timet (t > tp). We definep, here as theet
increment in pension wealth as a result of an additional péavork at agd. Values forp; may both be
positive or negative, and are typically close twZa case of an actuarially fair early retiremsaheme.
A deviation from zero may be caused by differingcdiunt rates of individuals and pension fundsiisee
end of this sectiorBoth ‘pension wealthP and the net increment in pension weagithre important for
early retirement behaviour. We illustrate this witfo simple hypothetical early retirement schenoes
flat-rate early retirement scheme, and one actiyafer scheme. For ease of exposition, we onlsuf®on
early retirement benefits in this section. In thep&ical analysis (section 4) the old-age pensiendsits
are also taken into account.

Consider the individual's behaviour in the extrerase of a flat-rate early retirement scheme with

eligibility aget,. That is, the replacement rate — pension inconzefeection of labour inconié— does

2L 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.
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not depend on retirement age, and always equafsssume that the wage profileid is unaffected by
characteristics of the early retirement schemethadndividual's timing of retirement. In this sahe,
pension wealth at eligibility age simply equals the product of benefits, the nundieime periods until
old-age pension, and a discount factor. Denotinty liye age at which the old-age pension starts, gnd b

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

tp-1 B
(A1) Pa= Y Bg, TaW, 4 = Braw, 4

=N

where some composite discount faggas used on the right-hand side. Furthermore, égisily checked

that retirement after the eligibility age resutisai reduction in pension wealth. To be preciset for, we

have

tp-1 tp-1 tp-1
A2 P = ZﬁstrAWt - ZﬁstrAWt—l =AW t 25arA(Wt ~ W)
( . ) s=t+1 s=t s=t+l

==TpWg + Bira(Wp — W)

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

(W= we.1) the implicit tax on continued work simply equalgear’s early retirement benefifg#£ -r aw..).
In the more general case of non-constant wages.#) &n extra term is added representing potential
gains (losses) stemming from the fact that eatiyer@ent benefits are based on the last observeg wa
rate. That is, individuals with an increasing wagefile experience a lower disincentive to continue
working than individuals with a constant wage rate.

The option value measu@t) of (4.1) discounts the losses due to the futomglicit taxes on
continued work and takes into account potentialrieichanges in wages. The peak value mea#(tyén
(4.3) does not take the potential future changegaiges into account and can be directly computad fr
(A2),

-1
(A3) H(t) = TE{T%}L; ps},

where we definey . p. = 0. Clearly, for the current case of a flat-rate eaerement scheme the peak
s=t pS

value measure implies that the optimal timing difeeentr equals the current tintefor whichH(t)=0.
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Next, assume that the pension fund adjusts replacerates according to some discount faéfor
so that from its own viewpoint the scheme is acdaligirfair and pension wealth remains constant over
time. Denoting by the replacement rate given that the (early) netent age i$, and defining;:=

(1+6)Y, we have

tp-1 tp-1
(A4) > Nl = D NgltWe-y = 0.
s=t+l s=t

Empirical evidence suggests that an important sbiiredividuals do have a discount rate which is
significantly higher than that used by pension ff@amwick, 1998; Gustman and Steinmeier, 2005). Fo
this reason, even in the case of actuarial fairfress the viewpoint of the pension fund, pensioraitieP
may not be constant over all retirement ages, acdét increment in retirement weafthmay not be

equal to zero. Hence, we write the net increment as

tp-1 tp-1
p: = Z,Bst MW — zlgstrtwt—l
s=t+1 s=t
(A.5) o1
=W + Zﬁst (MeaaWe = M Wq)
s=t+1

Finally, rewriting (A.4) asr,W,_q =7; (r.41W, — r;W;_4) and substituting this expression into (A.5) gives

(A.6) p; = [,7/5; —1jrtwt_l.

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 pensicmesne 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 theicism of Coile and Gruber (2000) mentioned in gestt

4.2. However, if the individual discount rate exgdg¢he discount rate of the pension fund, then gédige

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

pension wealth.

27



B. 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 hazardlel@re gathered in the vecip(see equation (4.5)) and

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

Given some early retirement hazard &g, it is standard to show that the correspondirapability for

retirement at time is given by?
t-1

(B.1) fo(t) =AM)[] @~ A(s))
s=0

It is however possible that workers make use efraittive exit routes, such as Disability Insurafizg.

Denote the DI hazard rate at timiy x(t). Equation (B.1) then generalises to
t-1

(B.2) f(O) =AM)[] A~ A(s) = u(9))-
s=0

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

retirement scheme equals

_
B.3 )=—~—~—",
5360 >0 (9

so that the expected period spent in early retirdraquals

10
ot ()

10

(B.4) §=10- .
=0 | ()

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 2 andf are still conditional on a vector of exogenous
variablesx (compare equation (4.5)). Hence, the changer@sulting from a marginal change in the
variablex, equals

10 4 (¢
B85 &= -9 $()
OXy. OXy thof(t)

Using equation (B.2), this quantity can be compuiteeach individual using numerical differentiaticA
straightforward estimator @ is then simply the average of all individual vader &. The DI hazard
rates used in equation (B.2) are obtained fromeggge statistics.
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Tablesand figures

Table 2.1 Early retirement replacement rates for 8 selected sectors, 1989-2000°

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%

2 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% T75% 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%

2 April, 11942 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% T79% T79% T79% 79%
in 1941 - - 0% 39% 39% 78% 78% 78% 78% T78%
in 1942 - 0% 0% 39% 39% 77% 77% T1% T7% T77%
in 1943 0% 0% 0% 38% 38% 76% 76% 76% 76% 76%
in 1944 0% 0% 0% 38% 38% 75% 75% 75% T75% 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 (ii) 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 2.2 Old-age pension replacement rates for 8 selected sectors, 1989-2000°

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 0 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.
©In 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 3.1 Sample statistics of workers in 7 selected industry sectors at age 55, 1989-2000

government
Observations 1232
Individual characteristics
Female 0.13
Single 0.09
Children (<18y) 0.12
Financial characteristics
Gross wage (x€1000) 42.00
High income?® 0.75
House value® 1.65
Mortgage” 1.06

education

741

0.26
0.09
0.23

48.37
0.81
2.00
1.28

health care post/telecom agriculture

445 224 172
0.50 0.12 0.10
0.14 0.04 0.07
0.16 0.16 0.31
36.87 34.51 34.90
0.54 0.79 0.53
2.02 2.05 1.75
0.94 0.97 0.58

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.

catering cleaning

71

0.24
0.10
0.25

37.95
0.58
1.14
0.68

52

0.31
0.12
0.31

28.30
0.42
0.89
0.27

Total

2937

0.22
0.09
0.17

41.50
0.71
1.76
1.02
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Table 3.2 Number of observations per regime, workers in 7 selected industry sectors, 1989-2000

Industry sector Start of vut? Bothb Transition® Total
transition
Government (ABP) April 1997 356 564 312 1232
Education (ABP) April 1997 116 412 213 741
Health care (PGG M)d 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 2.1)

b Individuals may first face a VUT scheme, but than from a certain date onwards they may a transitional arrangement (see section 2.4)
¢ Transitional arrangement to less generous and actuarially fair early retirement scheme (see section 2.3)

d Note that the transitional arrangement of the health care sector is highly actuarially unfair (table 2.1).

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 -285
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

Baseline hazard
Age 55

Age 56

Age 57

Age 58

Age 59

Age 60

Age 61

Age 62

Age 63 and 64

Year dummies
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

Statistics
Number of
observations
Log-likelihood

Estimate”

-3.91
-3.90
-3.40
-3.69
—-2.96
-1.83
-0.19

0.60

1.39

0.31
-0.24
0.59
0.45
0.25
0.35
-0.10
-0.20
-0.65
-0.45

Std. errorb

(0.50)
(0.54)
(0.55)
(0.56)
(0.56)
(0.54)
(057)
(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
. Cc
Pension wealth
d
Peak value

Heterogeneity
a

n

a 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 (4.3)).

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

Baseline hazard
Age 55

Age 56

Age 57

Age 58

Age 59

Age 60

Age 61

Age 62

Age 63 and 64

Year dummies
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

Statistics
Number of
observations
Log-likelihood

Estimate”

-3.77
-3.84
-3.44
-3.81
-3.14
-2.04
-0.37

0.31

1.04

0.32
-0.19
0.63
0.49
0.28
0.37
-0.08
-0.18
-0.63
-0.43

Std. errorb

(0.54)
(0.58)
(057)
(0.58)
(0.56)
(0.54)
(057)
(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
. Cc
Pension wealth
. d
Option value

Heterogeneity
a

n

a 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 (4.1)). We assume

k= 1.7 and y= 0.75 (equation 2.5).

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