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Chapterr  5 

Retirementt and Choice 
Constraints s 

Thee previous chapters discussed the theoretical framework and the empirical input 
forr the central analysis in this study: the individual retirement decision of elderly 
workerss in the Netherlands. Chapter 1 showed that labour force participation among 
Dutchh elderly individuals is very low compared to middle aged individuals, com-
paredd to some decades ago and compared to other western countries. Apparently, 
retirementt by elderly workers in the Netherlands has grown to relative high per-
centagess during the last decades. Chapter 2 evaluated the international retirement 
literaturee and presented a theoretical framework for the analysis of individual re-
tirementt decisions. From available data, chapter 3 concluded that elderly job search 
activitiess are very limited, allowing retirement behaviour to be approximated by a 
dichotomouss decision framework. Chapter 4 produced estimated income patterns 
forr elderly workers that depend on individual decisions about retirement age and 
route.. It was shown that these patterns include some clear financial incentives for 
earlyy retirement. Still, the question remains why elderly individuals do in fact re-
tiree early. Do they solely react to financial incentives? Do they have relatively high 
preferencess for leisure time? Or are they forced by employers to retire early? 

Thee present chapter discusses incentives and choice constraints that present 
retirementt as an economic choice between consumption and leisure, bounded by 
practicall  and economic circumstances. In particular, answers are given to the ques-
tionss how eligibility conditions influence individual retirement decisions, what the 
demandd is for and opinion about elderly workers by employers, and how that affects 
thee retirement decisions of individual workers. The analysis makes use of a dynamic 
programmingg model that compares labour market states between two years, as re-
portedd in one wave of the CERRA survey. It is shown that the dynamic programming 
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modell  is relatively easy to estimate with only limited data requirements. 
Too answer the research questions, this chapter is organised as follows. In section 

5.1,, incentives for retirement are discussed. First the way in which income may 
affectt the labour supply decision is described, followed by factors that may influence 
thee valuation of leisure time. In a consumption-leisure framework, these factors 
concernn all non-pecuniary determinants of retirement. Section 5.2 discusses benefit 
andd pension constraints that determine the age specific choice set of retirement 
opportunities.. Labour market conditions that restrict employment opportunities 
aree investigated in section 5.3. The influence of employers on the retirement decision 
off  individual workers is described by means of economic theory on labour demand. 
Thesee theoretical considerations are then tested in an estimation of labour force 
exitss using company data, with a distinction between "quits" and "layoffs". Next, 
estimationss of layoff probabilities are presented using linked company and worker 
data.. In section 5.4, an empirical model for retirement behaviour is developed 
too assess all relevant effects. The theoretical life cycle framework of chapter 2 is 
extendedd to a dynamic programming framework. Based on the available CERRA 
data,, the model is empirically specified and estimated. The results are used in 
sectionn 5.5 to determine the effects of several hypothetical constraints for individual 
retirementt decisions. Section 5.6 concludes. 

5.11 Retirement Incentives 
Thee basic hypothesis of this study is that retirement decisions are choices between 
consumptionn and leisure, given institutions, working conditions, health conditions 
andd the risk of involuntary retirement. Retirement incentives consist of all factors 
thatt affect individual preferences for consumption and leisure. The exact determi-
nationn of the effect of wages, benefits and pensions has a central place in this study, 
butt other incentives, like social circumstances, job characteristics and age specific 
circumstancess are important as well. This section explains why. 

IncomeIncome for consumption 

Incomee that can be used for consumption is a key explanatory factor for the eco-
nomicc analysis of labour supply and retirement. For workers, income mainly consists 
off  earnings, with additional income from savings and investments. Income from sav-
ingss and wealth is ignored in the empirical analysis below, as a result of a lack of 
reliablee data. At retirement, wages are replaced by benefits or pensions. 

Wages s 

Whetherr labour produces inherent utility or not, compensation for labour by means 
off  wages crucially determines the actual supply of labour. The theoretical treatment 
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off  retirement in chapter 2 showed that labour supply can be modelled as the result 
off  an individual trade-off between consumption and leisure. Actual labour supply 
reflectss the optimal combination of consumption of commodities and leisure time. 
Higherr wages allow for more consumption and make leisure more expensive. This 
resultss in higher labour supply (the substitution effect of wages) or, at the same 
time,, a constant level of consumption at a reduced amount of labour supply (the 
incomeincome effect of wages). Whether or not the substitution effect dominates the 
incomee effect depends on relative preferences for consumption and leisure at the 
relevantt part of the budget line. Therefore, the absolute value of wage levels is a 
keyy element in explaining retirement decisions. 

Whenn individuals retire early, benefits and pensions may still be small compared 
too the wage level, and therefore unattractive. In addition to absolute wage values, 
itt is therefore important to consider their relative value compared to benefit and 
pensionn levels. Smaller wages and higher benefits make retirement more attractive. 

Sincee Burkhauser (1979), many authors have emphasised that apart from abso-
lutee and relative wage and benefit levels, the accruai of labour income with time is 
importantt for retirement decisions. A sharp rise in wage levels towards the end of 
thee working career makes continued employment attractive, especially when pen-
sionn levels depend on these wages. The link between wage and retirement income 
iss crucial for the accrual of income before and after retirement. 

BenefitsBenefits and pensions 

Thee discussion about benefit and pension programmes in chapter 4, showed that 
theree are three key features that are important for their role in retirement decisions 
inn the Netherlands. Firstly, age 65 is effectively the age of mandatory retirement. 
Labourr force participation beyond age 64 is therefore negligible. Secondly, and as a 
consequence,, hardly any pension or benefit programme prior to age 65 is part of the 
pensionn plans that come into effect after age 65. Early retirement pensions and ben-
efitss specifically aim at bridging the income gap between the age of early retirement 
andd the age of mandatory retirement. Pension programmes from age 65 on must 
thereforee be distinguished from early retirement programmes, although the benefit 
andd eligibility rules are linked. And thirdly, the use of disability and unemployment 
benefitt programmes as pathways into retirement has been institutionalised with the 
mutuall  consent of employers, trade unions and the Dutch government. 

Sincee benefits generally depend on wage levels and the age of retirement, later 
retirementt results in higher expected benefits. This incentive for continued employ-
mentt is countered by an increasing valuation of leisure time as people age. Still, 
higherr benefits and pensions induce earlier retirement, since it enables higher con-
sumptionn of commodities and leisure. Unlike wages, there is no substitution effect to 
compensatee the negative income effect. Also, a large accrual in retirement benefits 
inn any one year makes a delay of retirement until that year attractive. In addition 
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too absolute values, it is therefore important to consider relative values of benefits 
andd pensions. 

Itt can be concluded that a structural model for the explanation of individual 
retirementt decisions must include absolute and relative levels of all income sources 
forr each future year, which must also be related to each other. The dynamic pro-
grammingg model in this chapter provides a framework for testing the relevance of 
thesee issues, and provides a measurement of the effect of several sources of income 
onn the decision to retire. 

PreferencesPreferences for leisure 

Ass people age, leisure becomes more attractive since ageing makes it relatively 
scarce,, and less expensive by a decreasing difference between wages and benefits 
ass more retirement opportunities become available. Relative preferences for leisure 
mayy be very different across individuals, due to particular individual characteristics, 
sociall  circumstances, the labour market history, job characteristics, and so on. In 
ann economic decision framework, where a choice is made between consumption and 
leisure,, these factors are modelled to affect relative preferences for leisure. The way 
inn which they affect retirement decisions is explained below. 

IndividualIndividual characteristics 

Individualss who invest more time and money in education expect higher returns. 
Also,, they start their labour market career later and therefore obtain less labour 
markett experience. These factors are expected to decrease preferences for leisure 
relativee to income. However, chapter 4 showed that more educated individuals also 
havee higher wage levels, which provide higher expected returns to education and 
compensatee for the lack of labour market experience. Still, educational level may 
explainn retirement decisions by representing characteristics that are typical for more 
orr less educated people. In addition, education represents differences in retirement 
opportunitiess or preferences that vary with the level of income. 

Differencess in retirement behaviour between men and women may result from 
differentt roles in society. Since women bear children, they have less labour market 
experiencee and receive less education on average. If these effects are fully incorpo-
ratedd in wage levels, the pure gender effect must be zero. However, differences in 
labourr market experience and education also affect labour market and retirement 
opportunities.. If these are not sufficiently included in the retirement model, they 
aree shown by the indicator for gender. 

Differencess in retirement behaviour by birth cohort can be attributed to differ-
encess in labour market opportunities at different stages in life, different attitudes 
towardss work and leisure, and cohort specific institutional constraints. The sign of 
thee effect depends on the direction of shocks that are experienced during the life 
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cycle.. The amount of on-the-job-training has implications for the amount of labour 
supply.. Training is defined here as education obtained after the working career has 
begun.. It can be company specific or general, but in both cases makes employment 
moree attractive. 

SocialSocial circumstances 

Thee valuation of leisure may vary by household composition. Individuals with 
aa partner or children may involve their household members in taking retirement 
decisions.. It may induce them to continue working to support them. If a partner 
iss working, the need for support is reduced, but not working may in that case 
becomee less attractive. Research by Henkes and Siegers (1991b) for the Netherlands, 
andd Gustman and Steinmeier (1994) for the United States, shows that partners 
oftenoften make simultaneous retirement decisions. Leisure therefore seems to be more 
attractivee when spent together with a partner. 

LabourLabour market history 

Thee amount of labour market experience may indicate the success of individuals in 
thee labour market, but may also represent disutility from continued employment. 
Bothh influence the relative preferences for work and leisure, but in opposite direc-
tions.. For tenure, labour market success may imply short rather than long tenures. 
Whenn modelling retirement decisions, it should be taken into account that indi-
catorss for labour market history may be correlated with eligibility conditions for 
benefitt programmes. 

JobJob characteristics 

Jobb characteristics affect retirement decisions by the level of job satisfaction. In-
dicatorss for job characteristics that may influence preferences for leisure time are 
occupationall  level (white collar versus blue collar workers), the level of supervision 
off  other employees, and working conditions. Bad working conditions, like stress, 
physicall  exertion, high concentration, dirty work and irregular working times, make 
leisuree relatively more attractive. Working conditions may vary by sector of in-
dustry,, public and private sector, and company size. Sector and company specific 
circumstancess also make employment less or more attractive. In addition, sectors 
andd companies have their own institutional possibilities and constraints with regard 
too retirement. For instance, due to physical exertion, workers in the construction 
industryy are more likely to retire through disability, but by offering easy access 
too disability benefits, this sector may attract workers which are more likely to be-
comee disabled. Company size may also influence retirement decisions. Retirement 
hass more effect on co-workers in small companies and may therefore be postponed 
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sooner.. Large companies may offer better retirement opportunities as part of an 
extendedd human resource policy. 

Age Age 

Thee correlation between age and preferences for leisure may be obvious, but the 
causall  relationship is unclear. The danger of fitting retirement behaviour on a 
polynomiall  of age is that it may give a perfect fit without providing an explanation 
forr retirement decisions. Age variables must therefore only be included in addition 
too other more 'explanatory' variables. 

Health Health 

Healthh conditions of elderly individuals affect the relative valuation of leisure time. 
Leisuree is appreciated more when spent in good health. But the same is true for 
labour.. Workers who find it difficult to perform their working tasks may become 
frustratedd or socially isolated. Leisure is relatively attractive to individuals with 
lesss advanced health conditions. Therefore, health may act as a constraint on 
labourr supply. This is particularly clear for persons with severe health limitations 
orr disabilities that limi t the performance of work. In the present chapter, individual 
healthh conditions are considered to affect relative preferences for leisure time. In 
chapterr 6, the role of health in retirement decisions is treated in more detail. 

5.22 Eligibil it y for  Benefits and Pensions 

Althoughh it is assumed that retirement decisions are primarily governed by pref-
erencess for consumption and leisure, the decision process does not only depend on 
incentivess from income opportunities or from changes in individual and other char-
acteristics.. Institutions such as benefit and pension programmes and labour market 
opportunitiess may crucially constrain labour supply decisions. It could be argued 
thatt institutional constraints are included in the preference structure of individual 
decision-makerss by the way in which account is taken of known retirement oppor-
tunities.. But in a structural analysis of retirement decisions, these constraints still 
needd to be stated explicitly. Eligibilit y rules for benefit and pension programmes 
limi tt the availability of these sources of income. It does not mean that these sources 
aree non-existent for workers who are not eligible for them. There is a moment at 
whichh eligibility starts, which affects retirement decisions taken earlier. Individuals 
mayy delay retirement to profit from future eligibility. Generally, eligibility can be 
interpretedd as an exceptionally large accrual in retirement income. 

Eligibilit yy is often time dependent. Most Dutch early retirement schemes require 
aa minimum age, minimum years of labour market experience, or a minimum tenure 
too accumulate enough pension capital. Eligibilit y for Social Insurance programmes, 
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suchh as disability and unemployment schemes, is not time dependent but requires 
thee occurrence of specific circumstances for which individuals are insured. In case 
off  Disability Insurance, this concerns a minimum level of disability, and for unem-
ploymentt benefits a layoff. Even if an employee prefers to collect disability benefits 
insteadd of wages, his or her health state may not be considered severe enough to 
enterr the disability programme. From an economic point of view, eligibility condi-
tionss for disability benefits can be considered as choice constraints for retirement. 
Detailss on eligibility conditions for most Dutch benefit and pension programmes 
weree described in chapter 4. 

5.33 Labour Market Conditions and Layoffs 

Employeess who optimise utilit y by choosing a specific moment of retirement, can 
bee confronted with employer behaviour that interferes with this optimal retirement 
choice.. The supply of labour by employees may not match the demand of em-
ployers.. Continued employment may then become unattractive or even impossible. 
Sincee re-employment is much more difficult for elderly than for younger workers, as 
illustratedd in chapter 3, layoffs in general lead to early retirement. The only deci-
sionn that remains for laid off workers, is the choice between alternative retirement 
routes. . 

Fromm a labour supply point of view, restricted labour opportunities censor the 
observationn of retirement decisions. If this censoring is ignored, retirement decisions 
thatt are the outcome of involuntary layoffs, are interpreted as voluntary quits that 
resultt from an individual optimisation process. This biases the estimates in the 
labourr supply model. In the present study, attention is given to characteristics of 
workerss and companies that may explain layoff probabilities. This way, the analysis 
takess account of censored cases in a labour supply context. 

Thee distinction between quits and layoffs is not straightforward. The term 
"layoff""  technically means that an employee is temporarily not working at a job to 
whichh (s)he will return. Workers who are forced to leave a job permanently, are 
saidd to be dismissed or discharged. Since common usage refers to these workers as 
"laidd off", employees who are forced to leave their job are in this study indicated as 
such.. It is not clear whether the distinction between quits and layoffs can be made 
empirically.. For instance, when a layoff results in higher unemployment benefits, 
employeess who like to quit may try to get laid off by shirking. And employees who 
preferr to continue employment may purposely be discouraged by their employer 
throughh a deterioration of labour conditions in order to quit. This study builds on 
thee reasoning by McLaughlin (1991), who defines "quits" as job separations initiated 
byy the worker, and "layoffs" as job separations initiated by the employer. He shows 
thatt this not only is a clear distinction, but also an economically meaningful one. 
Thee purpose of the distinction between quits and layoffs in this study, is to correct 
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forr influences on retirement behaviour that lay outside the control of individual 
employees. . 

5.3.11 Reasons for Involuntary Retirement 

Ass Straka (1991) points out, the demand for elderly workers is a neglected side of the 
labourr market. Much attention is paid in the literature to the retirement decision 
off  elderly workers, without considering labour demand restrictions in much detail. 
Classicall  economic theory considers labour demand as the result of the relative 
valuee of the marginal product of labour, which is determined by the productivity of 
individuall  employees. Alternative theories have been developed that include more 
aspectss of the labour market than relative benefits and costs only. The quality 
off  labour and investments in human capital are emphasised in a theory of firm 
specificc human capital, which simultaneously explains labour supply and demand. 
Humann capital can not fully explain wage profiles and changes in labour demand. 
Discrepanciess between these are the focus of the (implicit) contract theory, which 
aimss at explaining incentives for long lasting labour relations and the existence of 
mandatoryy retirement. (Implicit) contracts are often prematurely ended by workers 
orr firms and can thus neither fully explain the determination of labour demand. An 
explicitt explanation of the termination of labour relations is provided by the theory 
off  efficient turnover. 

Thesee theories of labour demand are briefly discussed below, with special atten-
tionn for the effects of observable factors on labour demand. Employer behaviour 
thatt is not captured by one of these theories is discussed separately. Empirical find-
ingss from the Dutch retirement literature are reported to illustrate the application 
off  these theories. 

MarginalMarginal productivity theory 

Classicall  economic theory on labour demand starts from a firm's production func-
tion.. Output is the result of a combination of labour and capital services. The 
relativee use of these inputs is determined by the production technique and the rel-
ativee prices of labour and capital. These so called factor prices are expressed in 
termss of wages and capital service costs. The theory requires that the marginal 
ratee of technical substitution1 is equal to the ratio of factor prices. This means that 
thee relative demand for labour is such that the output that is produced by the last 
unitt of labour is proportional to the wage level. This is the marginal productivity 
off  labour. The total amount of labour and capital services depends on total output, 
whichh is a function of product prices and economic growth. 

11 The marginal rate of technical substitution measures the amount of capital that can be replaced 
byy labour without a change in output. 
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Fromm the theory of marginal productivity, a number of implications follow for 
labourr demand. Ceteris paribus, labour demand is negatively related to labour 
costss and positively related to capital service costs, product prices and economic 
growth.. Labour costs not only include wages, but also the presence of firm pension 
schemes,, labour agreements and union power. Unemployment may reduce hiring 
costss and the price of labour. Investments that replace existing capital tend to re-
ducee relative capital service costs, and may therefore reduce labour demand. Capital 
deepeningg has a positive effect on labour demand, since an increase in capital re-
quiress more labour for operation. Finally, different qualities of labour, determined 
byy the amount of human capital (education, training and labour experience), have 
differentt marginal rates of substitution and prices. In theory, the relation between 
educationn or labour experience and labour demand is ambiguous, as higher produc-
tivit yy co-exists with higher wage rates. However, it can be expected that education 
andd labour experience have positive effects on labour demand, since quality tend to 
bee more rigid than wage levels. 

FirmFirm specific human capital theory 

Althoughh the marginal productivity theory allows for different qualities of labour, 
withh specific marginal rates of substitution and relative wages, it does not explicitely 
exploree the relation between investments in firm specific human capital and labour 
demand.. This relation was first exploited by Oi (1962) and Becker (1964), among 
others.. Investments in firm specific human capital creates a difference in both 
thee marginal rate of substitution and a worker's productivity between companies. 
Employeess that invest in firm specific human capital can demand higher wages, but 
onlyy at their present company. Firms that invest in their workers' human capital 
wantt their investments to generate returns, and therefore increase the demand for 
thosee workers. Both training and tenure thus reduce the number of quits and layoffs. 
Thee relation between labour demand and age remains ambiguous. Elderly workers 
cann be more productive as a result of (firm specific) labour experience, but younger 
workerss allow for a longer period of returns on human capital investments. In case of 
frequentt changes in required skills, human capital becomes less firm specific, which 
leadss to higher quit rates. It also means that companies frequently invest in their 
productionn factors, including labour, which leads to lower layoff rates. 

(Implicit)(Implicit) contract theory 

Thee firm specific human capital theory states that employers and employees may 
bothh profit from a long term relationship with more certainty about the duration of 
thee match. An (implicit) contract makes it clear that both sides win by obeying the 
agreementt and lose otherwise. Certainty may increase the level and efficiency of in-
vestmentss in human capital. Becker and Stigler (1974) elaborated this idea by means 
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off  a bonding model, in which firms pay their workers a fixed wage, combined with a 
bondd equal to the value of the investments in the match. The bond could consist of 
aa retirement pension. If workers would lose the value of the bond when leaving the 
firmm and employers would lose the value of the bond when laying off workers, both 
partiess are insured against an unexpected breach of the contract. Lazear (1986) has 
extendedd this model to a life cycle context, in which he shows that employees are 
keptt from shirking when their wage is smaller than their marginal product when 
youngg and larger when old. The difference between the marginal product and the 
wagee level is a bond that is paid out when employees grow older, but lost by layoff 
whenn employees are caught shirking. The bond is an implicit incentive to perform 
well,, which is especially convenient when monitoring of productivity is difficult or 
costly.. The difference in growth rate between wages and the marginal product also 
explainss the existence of mandatory retirement, since employees no longer have an 
economicc reason to retire once their wage becomes larger than the value of their 
marginall  product. An (implicit) contract must therefore always include mandatory 
retirement. . 

Accordingg to the (implicit) contract theory, the availability of pension schemes 
hass a positive effect on (elderly) labour demand, as it ensures that employees will 
leavee the company when their productivity falls too short to their wages. Eligibilit y 
forr pension schemes has a negative effect on labour demand, since workers are 
thenn supposed to have quitted according to the implicit contract. Higher wages 
andd pensions increase the difference between productivity and labour costs, which 
hass a negative effect on labour demand. Situations in which monitoring or the 
measurementt of output is more difficult, it can be expected that more layoffs take 
place.. Since larger companies have more difficulties in monitoring employees, they 
shouldd have higher wage increases over the life cycle, which is confirmed by the 
estimationn results from chapter 4. As a consequence, larger companies should have 
higherr layoff rates. 

EfficientEfficient turnover theory 

Thee (implicit) contract theory can not explain why workers are not laid off as soon 
ass their wages reach the value of their marginal product. Reasons like protection 
off  the firm's reputation are not convincing. The firm specific human capital theory 
emphasisess the return on investments, and thus provides an explanation for long 
termm relationships between employees and firms. The efficient turnover theory pro-
videss an additional explanation by emphasising costs that are connected with the 
turnoverr of workers. Apart from pensions and the waste of human capital, these 
costss include severance pay, and recruiting and training costs for new employees. 
Accordingg to this theory, a separation will only occur if its total value exceeds that 
off  a match between the employer and employee. Otherwise, wages can always be 
adjustedd such that both parties profit from a continuation of the match. The dis-
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tinctionn between quits and layoffs by McLaughlin (1991) is based on this idea. Quits 
resultt from companies not accepting higher wage requests by employees, and layoffs 
resultt from employees not accepting wage offers by companies. 

Implicationss from the theory of efficient turnover are that higher wages lead to 
moree layoffs, while higher replacement rates lead to more quits. Since replacement 
ratess tend to grow with age and have a discrete jump upon pension vesting, the 
numberr of years before eligibility for early retirement benefits must have a negative 
effectt on turnover. Higher probabilities in the labour market for employees also lead 
too lower retirement probabilities. This means that education and labour experience 
havee negative effects on both quits and layoffs. Better positions in the labour 
markett by companies lead to higher layoff probabilities. Employees at larger firms 
aree therefore expected to have higher layoff risks. 

AttitudesAttitudes of employers 

Thee labour demand theories above can not explain all labour demand behaviour of 
companies.. A number of studies have therefore tried to understand labour demand 
behaviourr by focussing on single explanatory factors. Straka (1991) for example, 
attemptss to capture the importance of age discrimination. If actual productivity is 
under-estimatedd by firms, employees are underpaid and underemployed. According 
too Straka, there is evidence that elderly workers suffer more from individual statis-
ticall  discrimination than prime-age workers. There is greater variance in true and 
potentiall  productivity among elderly workers, there is more uncertainty about the 
relevancee and usefulness of elderly vintages of education, training and experience, 
andd obtaining information on workers becomes more difficult with age. 

Inn a study on supervisors at large Dutch multinationals, Henkens (1998) gives a 
numberr of arguments of how supervisors' attitudes can affect retirement behaviour. 
Retirementt is affected indirectly by the influence on working conditions and train-
ingg opportunities, and directly through social support. The research suggests that 
employeess tend to postpone retirement if they feel that this would be appreciated 
byy their direct supervisor (see also Henkens, 1996). Henkens makes a useful dis-
tinctionn between organisational context and performance by individual employees. 
Earlyy retirement may be stimulated more actively in organisations with relative 
largee numbers of elderly employees, and by supervisors of subordinates who do 
strenuouss work. Important factors that influence the performance of elderly em-
ployeess are human capital, the capacity to adjust to technological and social change, 
andd absenteeism. 

Thee empirical analysis by Henkens (1998) shows that most supervisors are not 
inn favour of encouraging elderly employees to continue employment after they have 
becomee eligible for early retirement. He finds no significant effect of the organisa-
tionall  context on supervisors' retirement attitudes, but concludes that supervisors' 
preferencess in favour of retirement of elderly subordinates are weaker if a big loss 
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iss expected of valuable know-how and experience. The general conclusion is that 
supervisorss are hardly influenced by overall corporate goals like rejuvenation of staff 
andd decreasing employment. Their attitude is mainly influenced by the qualities 
andd limitations of the elderly workers they supervise. 

Trommell  and de Vroom (1994) make a useful distinction between control on exit 
fromm work and control on entry into different pathways, or retirement opportunities. 
Exitt can be forced by a layoff, but only under certain conditions, and may then still 
bee costly (e.g. severance pay) and damaging to the firm's reputation. Companies 
ratherr persuade workers to retire by using financial, social and moral incentives. 
Theyy can offer bonuses or supplements to benefits, or affect the provision of benefits 
directlyy by using their influence on the providing agencies. Companies may also 
createe an atmosphere in which elderly workers are expected to retire at a certain 
age,, either by setting too high demands for performance, or by 'social talks' in 
whichh employers explain the need and advantages of early retirement. 

Controll  on entrance into retirement pathways is determined by the way in which 
firmsfirms can set benefit levels and eligibility conditions. Since most of the employer 
providedd early retirement schemes are negotiated at the sector level, the firm's 
bargainingg power at these levels is important. The advantage for larger companies 
mayy be obvious. Entrance into Social Insurance programmes typically depend on 
agenciess outside the firm's influence, but employers can play a role in preparing 
accesss to these programmes. It can be argued that companies which have more 
bargainingg power and a wider and more generous range of retirement opportunities, 
needd less forced separations to adjust their workforce. At the same time, companies 
thatt have a higher need to layoff workers may use their bargaining power to establish 
moree early retirement opportunities to enable the layoff of workers in a socially 
acceptablee way. 

Inn the Netherlands, employers who want to reduce the size of their labour force 
explicitlyy use Social Insurance and early retirement schemes. In the absence of 
(eligibilit yy for) early retirement schemes, companies may supplement disability or 
unemploymentt benefits. Bolweg and Dijkstra (1993) argue that the outflow of el-
derlyy workers from firms does not depend on the availability of early retirement 
schemes,, since excess labour would be dismissed anyhow when economic conditions 
orr workers' productivity is no longer beneficial. However, in an empirical study 
basedd on company data alone, Lindeboom and Theeuwes (1993) find an indepen-
dentt effect of the availability of early retirement schemes on the outflow of elderly 
workerss per company. This suggests that voluntary, worker initiated transitions into 
retirement,, induced by generous benefit programmes, must not be confused with 
involuntaryy separations from employment. The effects on quits and layoffs, implied 
byy the theoretical and empirical considerations above, are summarised in table 5.1. 
Thee table serves as a benchmark for the empirical analysis below. 
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Tablee 5.1: Implied Effects on Quits (Q) and Layoffs (L) 

Determinant Determinant 

Marginal Marginal 
Productivity Productivity 

Theory Theory 

Q Q I I 

Human Human 
Capital Capital 
Theory Theory 
QQ L 

(Implicit) (Implicit) 
Contract Contract 
Theory Theory 
QQ L 

Efficient Efficient 
Turnover Turnover 
Theory Theory 

Q Q L L 

Employer Employer 
Attitudes Attitudes 

QQ L 
PricePrice of Labour 
Wage e 
Pension n 
Pensionn Availability 
Labourr Aggreement 

--

--
--

+ + 

+ + 
+ + 

-- + 
-- + 
__ -

--

+ + 
+ + 
--

HumanHuman Capital 
Educationn + — 
Training g 
Experiencee + + 
Tenure e 
Adjustmentss of Skills 

-- + 

++ -
EconomicEconomic Circumstances 
Businesss Cycle 
Unemployment t 
Output t 
Tradingg Result 
Capitall  Replacement 
Capitall  Deepening 

++ -
-- + 

EmployerEmployer Characteristics 
Companyy Size 
Fractionn of Elderly 
Demandingg Labour 
Absenteeism m 
Employerr Opinions 

-- + -- + 
+ + 
+ + 
+ + 

+ + 
+ + 
+ + 

WorkerWorker Characteristics 
Eligibilit yy for Early 

Retirementt Benefits 
Yearss until Eligibilit y 
Supervision n 
Functionall  Level 
Healthh Level 

+ + ++ + 
++ + 
-- + 
-- + 
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5.3.22 Labour Separation: Company Data 

Attentionn for involuntary retirement decisions has resulted in the implementation 
off  a CERRA employer survey in 1994. The surveyed heads of household in 1993 
weree asked for the name of their (former) employer as well as for permission to 
intervieww them. A survey was held among 251 companies, corresponding to 1057 
respondentss from the household survey. The employer survey contains questions re-
gardingg company characteristics (age, main activities, market, sector of industry), 
economicc performance (turnover, trading results, investments), composition of the 
workk force (total number of employees, part-timers, educational levels, age compo-
sition),, wage levels, in and outflow of personnel, educational requirements, opinions 
onn performance and optimal experience of elderly workers, availability of retirement 
programmes,, and absenteeism. For each functional level (blue collar low skilled to 
whitee collar high skilled), separate questions were asked about labour conditions 
andd employer opinions on performance. Table 5.2 presents an overview of means, 
standardd deviations and number of available observations for a selected number of 
variables.. Exits represent the number of elderly people (age 50 and older) that left 
thee company during 1993, as a percentage of the number of elderly contract workers 
att the first of January 1994. Quits and layoffs are defined similarly for voluntary 
andd involuntary exits from employment. The layoff risk is defined as the number of 
elderlyy involuntary exits during 1993 as a percentage of the total number of elderly 
exitss during 1993. Definitions of all variables are given in appendix 5.A. 

Thee gross wage level represents labour costs to employers. It is expressed in 
averagee guilders per month for typical functions in which elderly workers are em-
ployed.. Wage costs amount to around 50 percent of firms' budgets on average, but 
thee variation among companies is large. Early retirement schemes are available at 
alll  companies, but some firms have additional early pension schemes, like flexible 
pensionn schemes that have a direct relation between pension levels and retirement 
age,, and pre-early retirement schemes, which allow workers to retire before they 
aree eligible for early retirement benefits. Central labour agreements are available 
att most companies (86 percent), but for 13 percent of all firms it only covers part 
off  the work force. 

Onn average, the work force seems to be equally divided between low, medium 
andd high levels of education. Half of the work force has received some form of 
companyy training. Almost 50 percent of all companies report frequent changes in 
requirementss regarding knowledge and skills. Most of these firms take accompanying 
educationall  measures, but 63 percent also adjusts the composition of the work force. 
Economicc circumstances appear to have been good in 1993: only 9 percent of all 
interviewedd companies hade negative trading results, and only 5 percent expected 
negativee results in 1994. Still, investments are modest. Only 42 percent of all firms 
investt in capital replacement and 25 percent in capital deepening. The number of 
vacanciess is around 6 percent of the work force. 
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Tablee 5.2: Overview of Selected Variables from the CERRA Demand Survey 

Variable e 

Exitt Percentage 
Quitt Percentage 
Layofff  Percentage 

Layofff  Risk 

Mean n 

16.77 % 
13.77 % 

3.11 % 
12.77 % 

Standard d 
Deviation n 

12.44 % 
10.99 % 
4.88 % 
17.44 % 

NumberNumber of 
Observations Observations 

531 1 

531 1 
533 3 

454 4 

Pr icee of Labour 

Grosss Wage Level 
Fract ionn of Wage Costs 
Flexiblee Pension Scheme 
Pre-Ear lyy Ret i rement Scheme 
Labourr Agreement for Some 

Labourr Agreement for Al l 

4512.77 7 
50.33 % 

0.19 9 
0.22 2 
0.13 3 

0.73 3 

1447.88 8 
28.33 % 

0.31 1 
0.35 5 

0.22 2 
0.39 9 

814 4 

848 8 

1020 0 
1020 0 

1043 3 

1043 3 

HumanHuman Capital 

Fract ionn Medium Educat ion 
Fract ionn High Educat ion 
Fract ionn with Training 
Changess in Required Skills 

Frequently y 
Changess in Educat ion 
Changess in Work Force 

31.99 % 
30.11 % 
48.00 % 

0.47 7 
0.91 1 
0.63 3 

21.44 % 
26.33 % 
31.44 % 

0.50 0 
0.16 6 
0.47 7 

900 0 
900 0 
789 9 

665 5 
617 7 
610 0 

EconomicEconomic Circumstances 

Fract ionn of Vacancies 
Negativee Trading Results 

Negativee Expectat ions 

Capi tall  Replacement 
Capi tall  Deepening 

EmployerEmployer Characteristics 

Numberr of Cont ract Workers 

Fract ionn Par t - t ime Workers 
Fract ionn Elderly Workers 

Absenteeism m 
Opinionss for Typical Job 

Product iv i tyy < Wages 
Product iv i tyy > Wages 
Opt imall  Experience 

5 . 7% % 
0.09 9 
0.05 5 

0.42 2 
0.25 5 

1009.46 6 
21.33 % 
20.11 % 
6.11 % 

0.22 2 
0.39 9 
3.80 0 

5 . 4% % 
0.16 6 

0.10 0 

0.49 9 
0.37 7 

1333.80 0 
17.88 % 
10.66 % 
1 .5% % 

0.34 4 
0.48 8 
1.81 1 

1000 0 
1014 4 

874 4 

875 5 
875 5 

1055 5 
656 6 
1018 8 
626 6 

574 4 
558 8 
784 4 
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Althoughh the size of the surveyed companies ranges from 1 to 27,700 contract 
workers,, 95 percent of all firms have less than 2500 employees. On average, 20 
percentt of these employees work part-time, and 20 percent is over 50 years of age. 
Aroundd 22 percent of all employers consider elderly employees in a typically el-
derlyy worker's job to have lower productivity than wages, but almost double that 
percentagee considers them to be more productive than the value of their wages. 
Thiss can not be attributed to elderly workers' labour experience, since the optimal 
experiencee is considered to be only 4 years on average. 

Withh this information from the CERRA employer survey, the influence of labour 
costs,, human capital, economic circumstances and characteristics of the company 
onn labour demand can be tested. Information on the total number of exits, quits 
(workerr initiated exits) and layoffs (firm initiated exits) among elderly employees 
(agedd 50 and older), and the size of the total elderly work force, are used to construct 
exitt rates. These rates, denoted by y,- for firm i, are regressed on a number of relevant 
variables,, which are included in a matrix X{. Since rates lay between 0 and 1, a 
convenientt specification for the regression model is 

ll  + exp(Aj/? + ) 

wheree (3 is a vector of unknown parameters, 6i a vector of unknown stochastic 
termss for each company i and <r a constant positive term that is sufficiently small. 
Rewritingg this equation as 

l n ( — ! —— - l ) ^Xtf + ei (5.2) 

enabless estimation by Ordinary Least Squares. The term c is included to allow for 
ratess equal to zero. Rates equal to 1 do not appear in the data. The estimation 
resultss are reported in table 5.3. For each company, the exit, quit and layoff rate 
iss equal to the number of total, voluntary and involuntary elderly exits in 1993, 
dividedd by the firm's elderly work force at January 1st, 1994. The layoff risk is the 
numberr of involuntary elderly exits in 1993, divided by the total number of elderly 
exitss in 1993. 

Thee estimated positive effects of average wage levels, the availability of pre-early 
retirementt schemes, and central labour agreements on the layoff rate correspond to 
thee negative effect of labour costs on labour demand, as predicted by the marginal 
productivityy theory, implicit contract theory and efficiënt turnover theory. An alter-
nativee explanation for the positive effect of central labour agreements on the outflow 
off  workers is that they generally provide good opportunities to retire, which allow 
employeess to retire without a dramatic loss of income. Since flexible pension schemes 
oftenn replace even more generous early retirement schemes, their availability turns 
outt to have a negative effect on quits. Flexible pension schemes link benefits more 
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Tablee 5.3: Estimation Results for Labour Separation (standard errors in brackets) 

Va.na.ble Va.na.ble 

Constant t 

Exits Exits 

70.385* * 
(26.362) ) 

Qui ts s 

18.250 0 
(29.002) ) 

Layoffs Layoffs 

128.150* * 
(28.164) ) 

Layoff Layoff 
Risk Risk 

67.628 8 
(42.603) ) 

PricePrice of Labour 

Grosss Wage Level 

Fract ionn of Wage Costs 

Flexiblee Pension Scheme 

Pre-Ear lyy Ret i rement Sch. 

Labourr Agreement for Some 

Labourr Agreement for Al l 

4.729* * 
(2.254) ) 
2.581 1 

(2.292) ) 
-4.523* * 
(1.480) ) 

1.915 5 
(1.292) ) 

4.602* * 
(2.496) ) 

7.255* * 
(2.049) ) 

-0.529 9 
(2.433) ) 
2.189 9 

(2.513) ) 
-2.147 7 
(1.636) ) 

-0.451 1 
(1.422) ) 

2.951 1 
(2.758) ) 

3 .851* * 
(2.264) ) 

7.241* * 
(2.410) ) 
1.326 6 

(2.449) ) 
-2.173 3 
(1.583) ) 

2.452* * 
(1.379) ) 

2.452 2 
(2.654) ) 

5.853* * 
(2.161) ) 

-2.299 9 
(3.568) ) 
3.817 7 

(4.054) ) 
-2.963 3 
(2.648) ) 

1.762 2 
(1.879) ) 

-5.714 4 
(4.570) ) 

1.982 2 
(3.909) ) 

HumanHuman Capital 

Fract ionn Medium Educat ion 

Fract ionn High Educat ion 

Fract ionn with Training 

Changess in Required Skills 

Changess in Educat ion 

Changess in Work Force 

-2.273 3 
(3.212) ) 
-7.983* * 
(2.696) ) 
3.703* * 

(2.024) ) 

-1.342 2 
(1.141) ) 
-0.445 5 
(1.872) ) 
1.137 7 

(1.353) ) 

1.093 3 
(3.540) ) 

-2.612 2 
(2.980) ) 
1.862 2 

(2.172) ) 
-4.232* * 
(1.254) ) 
1.921 1 

(2.063) ) 
0.108 8 

(1.496) ) 

-2.778 8 
(3.376) ) 

-9.830* * 
(2.856) ) 
0.611 1 

(2.151) ) 
0.835 5 

(1.219) ) 
-0.669 9 
(1.965) ) 
-0.207 7 
(1.412) ) 

4.806 6 
(5.320) ) 

-7.810* * 
(3.870) ) 
-1.171 1 

(3.050) ) 
-3.940* * 
(1.829) ) 

3.534 4 
(4.088) ) 
0.207 7 

(2.491) ) 

EconomicEconomic Circumstances 

Fract ionn of Vacancies 

Negativee Trading Results 

Negativee Expectat ions 

Capi tall  Replacement 

Capi tall  Deepening 

7.446 6 
(10.358) ) 
-0.988 8 
(1.791) ) 
-8.221* * 

(2.618) ) 

-2.692 2 
(1.955) ) 
4.681* * 

(1.373) ) 

9.465 5 
(11.428) ) 

-2.612 2 
(1.980) ) 
-7.322* * 
(2.657) ) 

2.655 5 
(2.162) ) 
2.466 6 

(1.510) ) 

6.245 5 
(10.967) ) 

2.511 1 
(1.897) ) 
-7.535* * 

(2.680) ) 

-1.452 2 
(2.000) ) 
-0.457 7 

(1.459) ) 

25.708 8 
(18.980) ) 

3.509 9 
(2.656) ) 
-5.824 4 

(3.988) ) 
4.228 8 

(3.551) ) 
1.426 6 

(2.341) ) 

* :: significant at the 5 percent level; * :: significant at the 10 percent level 

http://Va.na.ble
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directlyy to pension contributions. The estimation results therefore support a hy-
pothesiss of rational choice behaviour with regard to financial incentives. 

Thee estimated effects of education are in accordance with the marginal pro-
ductivityy theory and efficient turnover theory. More educated workers retire later 
andd have significant lower layoff probabilities. The productivity of more educated 
peoplee is valued higher and results in better labour opportunities (higher labour 
demand).. It is surprising that training shows a slight positive effect on the number 
off  employees that leave the company. Training however be an indication for the 
needd to adjust the productivity level of employees. The estimated negative effect 
off  frequent changes in required knowledge and skills on layoffs is in line with the 
humann capital theory. Frequent changes make investments in human capital more 
valuablee to the firm, but less firm specific. However, the results also show a lower 
quitt rate, which is difficult to explain within the human capital theory. 

Thee estimated influence of economic circumstances confirms findings by Henkens 
(1998)) that these circumstances are hardly relevant for the number of quits and lay-
offs.. The positive effect of company size on the layoff rate and layoff risk, indicated 
byy the number of contract workers, show the influence of labour market power and 
difficultiess in monitoring individual workers in larger companies, as suggested by the 
implici tt contract and efficient turnover theories. But quit rates at larger companies 
alsoo turn out to be higher, contrary to both labour demand theories. It could be 
explainedd by the availability of more and better retirement opportunities at larger 
companies.. A remarkable result is that a larger fraction of part-time workers cor-
respondss to higher quit rates. Part-time jobs may have shorter durations or may 
increasee the valuation of leisure time. In the latter case, part-time work would not 
bee a solution for low elderly labour participation. The estimated positive effect of 
thee relative size of the group of elderly workers convincingly shows that companies 
preferr to keep the number of elderly workers limited. Reasons for this could be 
relativee costs, the need for flexibility , the availability of promotion opportunities for 
youngerr workers, worker attitudes, or pure age discrimination. Compared to non-
financiall  services, more quits are found in agriculture and fishing, heavy and light 
industries,, construction, and the financial service sector. Fewer layoffs are found at 
utilit yy companies. 

Higherr absenteeism does not lead to higher but to significant lower quit and layoff 
rates.. Lower layoffs could result from a shortage in labour due to absenteeism, and 
absenteeismm could be interpreted as paid leisure time, which reduces the worker's 
needd for retirement. The estimated relation between employer opinions and exits is 
alsoo contrary to expectations. Instead of higher layoffs when employers find produc-
tivit yy lower than wages, elderly employees have significantly higher quit rates. And 
insteadd of lower layoffs when employers consider productivity higher than wages, 
elderlyy workers have significantly lower quit rates. The opinion that productivity 
fallss short to wages could be an indication of increased work pressure and may lead 
too a wider availability of retirement schemes. Both result in more voluntary retire-
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ments.. These results could also indicate that employers influence workers by social 
andd moral pressure, such that they adjust their retirement decisions accordingly. 

Tablee 5.3 continued 

Variable Variable 
EmployerEmployer Characteristics 

Numberr of Contract Workers 

Fractionn Par t - t ime Workers 

Fractionn Elderly Workers 

Sectorr Type 

Agricul turee and Fishing 

Heavyy Industr ies 

Lightt Industr ies 

Uti l i t yy Companies 

Construct ion n 

Cater ing g 

Transport t 

Financiall  Services 

Absenteeism m 

Opinionss for Typical Job 
Product iv i tyy < Wages 

Product iv i tyy > Wages 

Opt imall  Experience 

Exits Exits 

1.723* * 
(0.535) ) 
12.888* * 
(3.824) ) 
12.965* * 
(6.088) ) 

11.224* * 
(4.390) ) 

10.086* * 
(2.788) ) 

8.312* * 
(2.396) ) 

2.218 8 
(5.306) ) 
6.416* * 

(2.902) ) 
1.196 6 

(2.503) ) 
6.199* * 

(2.910) ) 
5.833* * 

(2.314) ) 

-1.304* * 
(0.376) ) 

3.175* * 
(1.518) ) 
-3.634* * 

(1.364) ) 
-1.806 6 
(2.892) ) 

Quits s 

2.330* * 
(0.589) ) 

15.110* * 
(4.229) ) 
4.835 5 

(6.725) ) 

10.510* * 

(4.842) ) 
7.635* * 

(3.002) ) 

5.662* * 
(2.579) ) 

2.020 0 

(5.865) ) 
6.393* * 

(3.158) ) 

-1.457 7 
(2.745) ) 
4.694 4 

(3.215) ) 
6.259* * 

(2.519) ) 
-0.802* * 

(0.413) ) 

3.085* * 
(1.663) ) 
-4.602* * 
(1.508) ) 
0.761 1 

(3.194) ) 

Layoffs s 

1.512* * 
(0.561) ) 

-1.039 9 
(4.027) ) 
31.676* * 
(6.409) ) 

-4.422 2 
(4.612) ) 
1.706 6 

(2.858) ) 
-0.430 0 
(2.483) ) 
-9.750* * 

(5.657) ) 
1.019 9 

(3.071) ) 

-1.720 0 
(2.624) ) 
-3.612 2 

(3.064) ) 
-3.793 3 
(2.442) ) 

-0.992* * 
(0.396) ) 

2.581 1 
(1.594) ) 

1.911 1 
(1.445) ) 
-0.161 1 
(3.092) ) 

Layoff f 
Risk Risk 

3.032* * 
(0.811) ) 

8.808 8 
(7.678) ) 

39.874* * 
(9.457) ) 

- 9 . 161* * 
(5.553) ) 
-3.014 4 
(4.352) ) 

-6 .712* * 
(3.569) ) 

-14.679* * 

(6.968) ) 
2.134 4 

(4.193) ) 

-11.352* * 
(4.917) ) 
-7.159 9 
(4.640) ) 

-3.346 6 
(3.885) ) 

-1 .029* * 
(0.577) ) 

2.427 7 
(2.443) ) 
3.836 6 

(2.627) ) 

6.665 5 
(4.439) ) 

* :: significant at the 5 percent level; * : significant at the 10 percent level 
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Finally,, table 5.3 presents estimated effects of several measures to keep elderly 
workerss employed. To reduce quit rates, only the provision of more breaks and aid 
withh activities turn out to be effective measures, while the possibility for part-time 
work,, the installation of special equipment, a switch in functions, and schooling or 
trainingg have negative effects. To reduce layoff rates and layoff risks, only the adap-
tationn of working times, and the provision of more breaks and extra vacation days 
aree effective measures. The installation of special equipment for elderly employees 
andd a switch in function appear to be expensive measures, as more people are laid 
offf  in these cases. 

Tablee 5.3 continued 

Variable e 

Measuress to Keep Elderly 
Adapta t ionn of T imes 

Par t - t imee Work 

Elderlyy Care 

Speciall  Equ ipment 

Moree Breaks 

Ai dd with Activi t ies 

Ex t raa Vacat ion Days 

Lowerr Demands 

Switchh in Function 

Schoolingg or Training 

NumberNumber of observations 

AdjustedAdjusted R2 

Exits Exits 

-1.729 9 
(1.386)) ( 

0.235 5 
(1.380)) { 
-0.148 8 

(1.407) ) 
4.063* * 

(1.354) ) 

-3.778* * 
(1.461) ) 
-3.106* * 

(1.395) ) 
0.398 8 

(1.646) ) 

1.066 6 
(1.232) ) 

5.918* * 
(1.365) ) 
1.482 2 

(1.162) ) 

237 7 

0.570 0 

Quits Quits 

2.026 6 
1.521)) ( 

2 .629# # 

1.523)) ( 
0.332 2 

1.550)) ( 
3.302* * 
1.494)) ( 

* * 

1.611)) ( 
-3.219* * 

; i .522) ) 
-1.657 7 

(1.811) ) 
1.316 6 

(1.355) ) 
3.526* * 

[1.508) ) 
3.036* * 

(1.276) ) 

238 8 
0.541 1 

Layoffs s 

3.059* * 
1.477) ) 

1.706 6 
1.466) ) 

1.104 4 

1.486) ) 
5.307* * 
1.434) ) 

3.822* * 
1.558) ) 
0.622 2 
1.471) ) 

2 2 
1.687) ) 

0.369 9 

1.310) ) 

2.449* * 
1.459) ) 

-1.027 7 
(1.227) ) 

239 9 
0.410 0 

Layoff f 
Risk Risk 

-5.026 6 
(3.470) ) 

-1.819 9 
(2.362) ) 
1.609 9 

(2.361) ) 
7.937* * 

(2.000) ) 

-4 .825* * 

(2.486) ) 
1.691 1 

(2.026) ) 
-10.197* * 

(2.635) ) 
-1.339 9 

(1.801) ) 
-0.218 8 
(2.216) ) 

-2.253 3 
(2.144) ) 

192 2 

0.431 1 

* :: significant at the 5 percent level; * ;; significant at the 10 percent level 

Evenn though the number of observations for the estimations is low, the results 
providee clear evidence for the determinants of quit and layoff rates, which are in line 
withh general labour demand theories. Evidence for the significance of these results 
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iss provided by the measures of fit, which show that 41 to 57 percent of the exit, quit 
andd layoff rates can be explained by the included variables. Still, the impression 
remainss that much of the mechanism of labour demand evolves around social and 
morall  interaction between employers and individual employees. Therefore, a link is 
establishedd between company data and information on individual employees in the 
CERRAA d a t a. 

5.3.33 Layoffs: Linked Worker and Company Data 

Thee estimation results for elderly exits at the company level give a rough indica-
tionn of the determinants of quits and layoffs. However, retirement also depends on 
individuall  preferences and choice behaviour. Therefore, in the present section, com-
panyy data is linked to individual data to see how this combination affects individual 
retirementt decisions. Information from 251 companies in the CERRA employer sur-
veyy can be linked to individuals in the CERRA household survey, resulting in 1947 
validd cases. For privacy reasons, no questions about individual employees have been 
askedd in the employer survey. Instead, the survey contains questions about a typical 
functionfunction of elderly employees and about several functional levels at the company. 
Thiss way, company level information for individual employees can be approximated 
byy information about typical functions or functional levels. 

Informationn from the CERRA employer survey and the CERRA household survey 
havee been combined to estimate the effect of worker and company characteristics 
onn the individual probability of a layoff. This probability compares the event of a 
layoff,, denoted by S = 1, with the event of a quit or continued employment, denoted 
byy S = 0, by means of the Logit specification2 

,, = ns=i) = , : x p ( ^ ' (5.3) 
11 + exp (Z'b) 

wheree 6 is a vector of parameters that express the effects of the worker and employer 
characteristicss Z. Information on whether individuals are restricted by labour de-
mandd aspects is taken from a question in the CERRA household survey regarding the 
mostt important reason for retirement. Table 5.4 gives an overview of all reported 
reasonss for retirement as indicated by individual respondents, and whether they 
identifyy respondents as having quitted or being laid off. For involuntary retirement, 
twoo separate indicators are applied. Under the general indicator, 13.5 percent of all 
respondentss have been laid off. Under the strict indicator this is 5.8 percent. Table 
5.55 shows the corresponding estimation results. 

Higherr wages lead to less layoffs, which is opposite to all theoretical consider-
ationss above. However, if wage is an indication of human capital or productivity, 
thee results are in line with the marginal productivity theory, human capital theory 

2Seee appendix 5.C for a derivation of the Logit model. 
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Tablee 5.4: Most Important Reasons for Retirement 

GeneralGeneral General Strict 
QuitsQuits Layoffs Layoffs 

Dismissall  after completion of activities 
Collectivee dismissal after reorganisation 
Consideredd unfit by employer for reasons of health 
Consideredd unfit by employer because of age 
Moree or less forced to quit by employer 
Opportunityy to improve position 
Healthh reasons 
Workk load too high 
Threatt of dismissal 
Atmospheree at work place 
Wantt of change in activities 
Healthh situation of family member 
Changee in family situation 
Wantedd less working hours 
Wantedd more working hours 
Inconvenientt working hours 
Wantedd to be less active 
Declaredd unfit or disabled by health authority 
Availabilityy of early retirement benefits 

V V 
V V 

V V 
V V 
V V 
V V 
V V 

V V 
7 7 
V V 

V V 
V V 
V V 
V V 
V V 

V V 

V V 
V V 
V V 
V V 
V V 

andd efficient turnover theory. The negative effects of early retirement and pen-
sionn schemes show that their presence make involuntary exits redundant for ending 
labourr contracts. Only small effects on layoffs are found for the included human 
capitall  indicators, except for tenure, but its positive effect on layoffs is difficul t to 
explain.. Longer tenures may indicate low labour mobility and unfavourable labour 
markett opportuni t ies, which could make involuntary exits necessary to end labour 
relat ions.. Changes in skills have no significant effect on layoffs, but the estimated 
signn agrees with the human capital theory. 

Theree are a number of company characteristics that have a significant effect 
onn the general layoff probability. Physical exertion leads to less involuntary exits, 
whil ee stress leads to more. Stated differently, physical tenuous work already leads 
too a relatively high number of voluntary exits, while people who experience stress 
generallyy prefer not to quit. When input is measurable, the layoff probabil i ty is 
lower.. From this i t may be concluded that elderly people have good work ethics 
andd do not shirk. But from the positive effect of measurable output, it must then 
alsoo be concluded that elderly people are (perceived as) relatively unproductive. 

Employerr opinions do not seem to influence individual layoffs. The only signif-
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icantt effect has a counterintuit ive sign. If leadership is important, than i t would 
bee expected that elderly people have a lower instead of a higher chance to be laid 
off.. The positive effect suggests that elderly employees are an obstacle for younger 
employeess in their promotion ambitions. Explanatory power is almost absent for 
employerr measures to keep elderly workers, but two significant effects have to be 
noticed.. Employers who allow part- t ime work lay off more workers. As concluded 
before,, part - t ime work does not appear to be a gradual path towards retirement. 
I tt rather seems to be a facility that employers want to reserve for younger workers. 
Andd the provision of special facilities for elderly employees has a negative effect 
onn the number of layoffs, suggesting that these measures are an indication for the 
valuationn of elderly workers by employers. 

Tablee 5.5: Est imation Results for Individual Layoff Probabilit ies 

Variaa bie 
GeneralGeneral Indicator 

estimateestimate error 
StrictStrict Indicator 

estimateestimate errc 

Constant t 0.940 0 8.267 7 29.540 0 

PricePrice of Labour 

16.042 2 

Wagee Income 
Earlyy Ret i rement Scheme 

Flexiblee Pension Scheme 
Pre-Ear lyy Ret i rement Scheme 

-2.201* * 
-1.448 8 

-0.825 5 
-1.952* * 

0.536 6 
1.535 5 
0.740 0 

0.809 9 

-4.488* * 
-1.698 8 
-2.520* * 
-2.238* * 

2.270 0 

1.337 7 
0.941 1 
0.969 9 

HumanHuman Capital 

Educat ion n 
Medium m 

High h 
Training g 
Exper ience e 

Tenure e 
Changess in Required Skills s 

EmployerEmployer Characteristics 

Companyy Size 
Medium m 

Large e 
Publicc Sector 
Workingg Condit ions 

Stress s 
Physicall  Exert ion 

Inputt Measurable 
O u t p utt Measurable 
Forcedd Work Pace 

-1.026 6 

1.573* * 

-0.146 6 
0.062 2 
0.497* * 

-0.928 8 

-1.778 8 
-1.672 2 
-0.003 3 

1.357* * 
-2.496* * 
-1.994* * 
2.468* * 
0.134 4 

0.796 6 

0.875 5 
1.358 8 
0.286 6 

0.160 0 
0.744 4 

1.668 8 
1.563 3 
0.707 7 

0.816 6 
1.003 3 
0.890 0 

1.053 3 
0.753 3 

-2.075* * 

0.131 1 
1.059 9 
0.154 4 

-0.031 1 

-1.271 1 

-1.055 5 
-1.412 2 
2.686* * 

0.331 1 
-0.699 9 
-0.751 1 
2.923* * 

-1.252 2 

1.063 3 

1.088 8 
2.186 6 

0.380 0 
0.220 0 
0.965 5 

2.599 9 
2.261 1 
1.152 2 

1.167 7 
1.343 3 
0.971 1 
1.302 2 
0.960 0 

* :: significant at the 5 percent level; * :: significant at the 10 percent level 
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Controll ingg for worker characteristics results in a number of plausible outcomes. 

Thee decreasing probabil i ty of layoffs by functional level reflects the effect of human 

capitall  on labour demand. Early retirement eligibilit y has a strong positive effect 

onn layoffs, indicating that employers want to end labour contracts as soon as it is 

sociallyy acceptable to do so. And bad health conditions are significant reasons for 

employerss to lay off workers as well. 

Tablee 5.5 continued 

Va.ria.ble Va.ria.ble 
GeneralGeneral Indicator 

estimatee error 

StrictStrict Indicator 
estimateestimate error 

EmployerEmployer Opinions 
Elderlyy More 111 
Adjustmentss for Elderly 
Elderlyy Less Good 
Leadershipp Impor tant 

Experiencee Impor tant 
Difficul tt to Fill Vacancies 

Measuress to Keep Elderly 

Adjustmentt of Working T imes 

Allo ww for Par t - t ime Work 
Elderlyy Care 
Speciall  Elderly Facilities 

Moree Breaks 
Ai dd with Work 
Ex t raa Vacation Days 
Lowerr Product iv i ty Demands 

Changee of Function 
Educat ionn or Training 

WorkerWorker Characteristics 

Age e 
Female e 
Occupat ionall  Level 

Whi tee Collar High 

Whi tee Collar Low 
Bluee Collar High 

Earlyy Ret i rement Eligibilit y 
Yearss until Eligibilit y 

Badd Health Condi t ion 

-0.523 3 
0.585 5 

0.024 4 
2.848* * 

-0.255 5 
-0.709 9 

0.451 1 

1.892* * 
-0.345 5 
-2.750* * 

1.067 7 
0.367 7 

-0.314 4 

-0.839 9 
-0.714 4 
0.738 8 

2.387* * 
-1.730 0 

-2.873* * 
-1.841 1 

-0.180 0 
1.826* * 

0.654 4 
0.831* * 

0.820 0 
0.975 5 

0.893 3 
0.879 9 

0.740 0 

0.817 7 

0.846 6 

0.978 8 

0.766 6 
0.977 7 

0.895 5 

0.794 4 
0.946 6 
0.829 9 

0.930 0 
0.805 5 

1.331 1 

1.282 2 

1.177 7 

1.148 8 
1.133 3 
0.932 2 
0.855 5 

0.276 6 

0.038 8 

-3.314* * 

0.312 2 
-1.183 3 

4.824* * 
0.937 7 

0.642* * 

1.502 2 

1.949 9 

1.379 9 
1.529 9 

1.364 4 
1.024 4 
0.313 3 

Numberr of observations 

Pseudoo R2 

372 2 
0.596 6 

372 2 
0.598 8 

* :: significant at the 5 percent level; * : significant at the 10 percent level 

http://Va.ria.ble
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Theree are only a small number of differences between the estimated effects of the 
generall  and the strict layoff indicator. The strict indicator has stronger negative 
wagee and flexible pension scheme effects, no effect from tenure, a positive effect 
fromm working in the public sector, and no effects from physical exertion and stress. 
Sincee the difference between the two indicators is a group of people who are more or 
lesss forced to retire but still had a choice to do so, the differences reflect retirement 
behaviourr by people with these characteristics. 

Evenn though layoffs in both equations are for almost 60 percent explained by 
thee included variables, most variables from the CERRA employer survey do not sig-
nificantlyy affect these probabilities. The main determinants are wage levels, health 
conditionss and eligibility for retirement benefits, which can be obtained from the 
householdd survey. Since the number of valid observations is reduced considerably 
byy linking both surveys, the analysis of retirement behaviour and the distinction 
betweenn quits and layoffs is henceforth based on data from the CERRA household 
surveyy alone. 

5.44 A Single Transitio n Ret irement Model 

Inn this section, a model is developed and estimated to explain individual retirement 
decisions.. The theoretical starting point is the choice between consumption and 
leisuree that takes place over the life cycle as presented in chapter 2. First, a dynamic 
programmingg solution is presented for the life cycle retirement problem. Next, 
dataa to estimate the model are presented. Empirical aspects that may influence 
retirementt decisions are discussed in the empirical specification of the model. The 
sectionn ends with estimation results. 

5.4.11 The Dynamic Programming Framework 

InIn chapter 2, retirement was presented as the result of a decision process that takes 
placee over a sequence of discrete time periods. In each period, workers choose 
whetherr to retire or to continue employment. The decision to stop or to continue 
employmentt depends on preferences for current and future wages, pensions and 
benefits,, versus leisure. Since workers may face several distinct retirement pro-
grammes,, which differ in income level and accessibility, retirement can be seen as a 
choicee for the optimal exit date and route. Choices are optimal if the combination 
off  income and leisure generates maximum utility . Choice specific utility values may 
dependd on past choices, and current choices may restrict the availability of future 
opportunities.. For example, workers who expect to become eligible for an attrac-
tivee retirement programme in the future may postpone retirement. The influence of 
futuree retirement opportunities on current decisions can be captured by including 
futuree utilit y values and institutional restrictions in the model specification. These 
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considerationss led in chapter 2 to equation (2.15), in which labour supply and re-
tirementt decisions were formulated as the solution to the following optimisation 
problem: : 

oo o 

m a x E [ ^ (ll  + p ) - ^ S, £ tf*(y,*,L{)d;  \Qt]  (5.4) 
dd'' s=t k£Ds 

wheree the utilit y value ) depends on the valuation of income Yk and leisure 
LLkk for choice alternative k in period s. D$ reflects the choice set that results 
fromm labour market restrictions and eligibility rules of Social Insurance and early 
retirementt schemes, and may therefore differ between periods. Actual choices are 
basedd on all relevant and available information at the beginning of each decision 
periodd t, captured by ftt. The extend to which future income and leisure is valued 
relativee to current income and leisure is expressed by the factor of time preference 
p.p. Using mortality rates by age, the survival probability in period s conditional on 
survivall  up to period s is given by TJ$ . Actual decisions are denoted by the sequence 
off  control variables 

LL f 1 if alternative k is chosen in period s , , .^ 
**  [̂  0 otherwise 

forr work and non-work states k. In each period, choices are mutually exclusive or 

££ dk = 1, Vs (5.6) 
k£D, k£D, 

meaningg that only one of the alternatives can be chosen from the choice set Ds in 
eachh year. Maximisation of equation (5.4) is accomplished by the optimal choice of 
ddkk.. The sequence of control variables is the solution to a multidimensional problem 
characterisedd by irreversible actions. A convenient tool for reducing the dimension 
off  this optimahsation problem is given by Bellman (1957), who developed a recursive 
solutionn that consists of a sequence of two period problems, which is known as the 
dynamicdynamic programming method. By this method, the retirement problem at period 
tt can be expressed as a function of the optimal retirement decision at period t + 1. 
Startingg with an optimal solution for the final period T, solutions for all previous 
periodss t < T can be obtained by recursive optimahsation. 

Somee notational simplifications need to be made before presenting this method 
moree formally. The time discount rate is denned by A = (1 + p)~l and utilit y 
valuess for each period s are written as U, = Uk(Ys

k,Lk
s). The objective function in 

equationn (5.4) can then be written as the so called vaiue function Vt at time t: 

oo o 

VVtt - max E [  £ As" (
 Vt £ Uk dk

s\Qt]  = max £ Vf dk (5.7) 
d '' s=t k€D, di k£Dt 
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withh tho dynamic programming equation 

VVtt
kk = Uf + Xr)tE[Vt+l \d

k = l]  (5.8) 

VVkk expresses the value of alternative k in period f as a function of the expected 
valuee of making the optimal choice in period t + 1, given the choice of alternative k 
inn period t. The derivation of the dynamic programming equation is presented in 
appendixx 5.B. For the final period T, the value function is given by 

VTVT = max ^2 UTdT 
ddTT k€DT 

Givenn a solution for dT and VT, the retirement problem of period T — 1 can be 
solvedd by maximalisation of the value function 

VVTT-i-i  = max V (UT_X + \nT-iE[VT\dT_l = l ] ) 4 - i 
ddkk *~^ 
r - ii  keDT-i 

Thiss recursive optimization process is continued until period t, producing a sequence 
off  controls (dT,..., dk) that indicate the decision to work or retire for each and every 
periodd s € {t,...,T}. The empirical implementation of the dynamic programming 
frameworkk requires specification of the utilit y function Uk(-), determination of the 
choicee set Dt for each period t, and determination of all available information at t, 
summarisedd by Qt. Most of this information is obtained directly from the CERRA 
surveyy and is discussed below. 

5 .4 .22 D a t a 

Thee dynamic programming framework provides a very appealing method to deal 
withh economic decision making. It however requires sufficient information on cur-
rentt and future individual choice sets, including eligibility conditions, wage devel-
opments,, benefit and pension levels, and all other characteristics of individuals that 
mayy affect the choice between work and retirement at present and in the future. 
Thiss chapter focuses on one single transition in the labour market. With a model 
thatt depends on age, data is needed for two subsequent age levels to identify whether 
workersworkers retire or not. Therefore, data is used of individuals in the 1993 wave of the 
CERRAA survey, who were employed in 1992. This information is available from ret-
rospectivee questions that reproduce detailed labour market histories back to 1991. 
AA selection is made of individuals who were between 41 and 64 years of age in 1993, 
andd who were either employed, early retired, disabled or unemployed. Age 41 is 
thee youngest age in the 1993 survey and age 64 is the final age at which retirement 
decisionss are made, due to the mandatory retirement age of 65. Observations with 
extremee or inconsistent wage values or labour histories are deleted from the sample. 
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Ass a result, the sample for estimation consists of 2418 observations for which a 
completee set of explanatory variables is available. Table 5.6 shows the distribution 
off  observations over employment and retirement programmes. 

Tablee 5.6: Number of Observations Used for Estimation 

19931993 Status 

Employed Employed 
EarlyEarly Retired 

Disabled Disabled 
Unemployed Unemployed 

Total Total 

AllAll  Observations 

## % 
21222 87.8 

2022 8.4 
233 1.0 
711 2.9 

24188 100.0 

Q Q 
# # 

139 9 
20 0 

18 8 
177 7 

nits nits 

% % 

78.5 5 
11.3 3 

10.2 2 

100.0 0 

Layoffs Layoffs 

# # 

63 3 

3 3 
53 3 

119 9 

% % 

52.9 9 

2.5 5 
44.5 5 

100.0 0 

Workerss in the sample are people who are employed in 1993, early retirees are 
peoplee who receive private or employer provided early retirement benefits, and dis-
abledd individuals are people who receive disability benefits. All other individuals are 
consideredd unemployed, regardless of participation in the labour market (searching 
forr a job or not). The distinction between "quits" and "layoffs" is made to correct 
forr retirement decisions that are not made voluntarily. When modelling the indi-
viduall  choice between employment and retirement, it must be taken into account 
thatt some of the observed retirements would not have been realised if no labour 
markett restrictions would have been present. As discussed in section 5.3, quits are 
initiatedd by workers and layoffs by employers. Information on whether individuals 
aree restricted by labour demand aspects is taken from a question in the CERRA 
surveyy regarding the most important reason for retirement. Table 5.4 in section 
5.33 provided an overview of these reasons as reported by individual respondents, 
andd whether they identify respondents as having quitted or being laid off. In the 
dynamicc programming analysis of retirement decisions, only the general definition 
off  layoffs is used. 

AA dynamic model for a life cycle decision process requires explanatory variables 
thatt describe individual circumstances at all (future) stages in life. Since future 
circumstancess are not known, assumptions must be made regarding their values. 
Forr wages, benefits and pensions, individual life cycle profiles were constructed in 
chapterr 4, based on observed wages and (labour) characteristics. These profiles are 
usedd in a dynamic way: income levels depend on retirement decisions, both with 
regardd to exit route and age. Other explanatory factors for retirement are based 
onn their value in 1993. Some variables are constant, for example education, gender 
andd cohort, or vary in a deterministic way, such as age, labour market experience 
andd tenure. Most explanatory variables are time dependent in a stochastic manner. 
Healthh for example is rather unpredictable, although an attempt will be made in 
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chapterr 6 to capture its dynamics by estimating health profiles. In the present 
chapter,, health is assumed to be constant and equal to its value in 1993. The 
mainn argument for this procedure is that not a more reliable indication for future 
healthh conditions exists than the current health condition. Working conditions and 
sectorr type are also assumed to be constant, since only a few job changes take place 
att the ages under consideration (see chapter 3). For the remaining explanatory 
variables,, information from the 1995 wave of the CERRA survey is used to predict 
futuree values. Examples are the labour market status of the partner, company size, 
thee distinction between the private and public sector, and the level of supervision. 
Again,, all unknown future values are assumed to be equal to the last known value, 
underr the assumption that not a more reliable predictor for the future exists than the 
mostt recent situation. Finally, variables for the determination of pensions, benefits 
andd time dependent eligibility for retirement programmes are based on imputed age, 
tenuree and labour market experience profiles. Definitions of all relevant variables 
aree given in appendix 5.A. 

5.4.33 Empirical Specification 

Retirementt is expressed as the choice for the optimal age to stop working. Conse-
quently,, the dynamic programming model is specified in terms of retirement ages. 
Thiss means that every period t is interpreted as age t with length one. It is assumed 
thatt choices are made once every year at the birthday of individuals. Apart from 
thee retirement age, four major choice alternatives or states, denoted by k, can be 
distinguishedd as3 

kk = W : employment 
kk = ER : early retirement 
kk — DI disability 
kk — UE : unemployment 

Thee availability of alternatives is restricted by three major institutional constraints. 
First,, labour market opportunities for elderly individuals are limited. In chapter 3 
itt was shown that once retired, the probability of re-entrance into employment is 
almostt zero for elderly people in the Netherlands. It is therefore assumed that all 
retirementt alternatives are absorbing states, which is formally expressed by 

ddkk
tt = 1 =  rff+1 = 1, k € {ER, DI, UE} 

Absorbingg retirement states reduce the retirement problem to an optimal stopping 
process,process, where workers choose the optimal moment for permanent retirement. The 

3Forr the empirical analysis, a fifth alternative is added identical to unemployment, but with 
ann income level equal to zero. This way, estimated preferences for income are based on relative 
differencess and absolute levels. 
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assumptionn that retired individuals no longer have any alternatives to choose from, 
considerablyy reduces the dimension of the intertemporal decision problem. This 
makess estimation of the model much more tractable. 

Thee second institutional restriction that affects the retirement choice is imposed 
byy eligibility constraints. For early retirement programmes, there are vesting rules 
basedd on age and tenure. Eligibilit y is incorporated in the model by the construc-
tionn of individual and age specific choice sets Dt. These choice sets are based on 
informationn about exact eligibility requirements. It is assumed that individuals re-
mainn eligible once these requirements are met. Although participation in disability 
programmess is formally restricted by health limitations, no such restrictions are 
imposedd in the model. The information available in the 1993 CERRA survey does 
nott allow the inclusion of eligibility rules or the estimation of inflow probabilities. 
Thee absence of health restrictions for entry into disability programmes in the model 
doess not seem unreasonable, given the easy access to disability benefit programmes 
inn the past (see chapter 4 and Aarts and de Jong, 1990). In case of unemployment, 
benefitt programmes are generally accessible, except to individuals who have been 
employedd less than 52 days in the 5 years prior to retirement. It is assumed that 
thiss restriction does not occur for workers in the sample. 

Finally,, choices are restricted because involuntary retirement can be forced upon 
workerss by employers. The choice set Dt must then be adjusted to exclude work as 
ann alternative, but it is assumed that all retirement programmes remain available 
ass long as individuals meet the eligibility conditions. Involuntary separation rates 
aree assumed to be determined outside the labour supply process and hence are 
exogenouss to the retirement decision. This does not mean that workers do not take 
accountt of the risk of being laid off in evaluating their employment opportunities. 
Thee model incorporates involuntary separation rates by means of adjusted expected 
valuee functions (see below). Involuntary retirement is indicated by 

„„  _ ƒ 1 if retirement is involuntary at age t ,
11 | 0 otherwise 

andd is made dependent on observed characteristics of workers and employers, repre-
sentedd by a vector Zt, as well as on unobserved characteristics, denoted by jj, t. The 
sourcee of this unobserved heterogeneity is unknown, both to the individual worker 
andd to the researcher, but it is assumed that its value is stochastic and generated by 
ann Extreme Value (Type I) distribution. The probability of involuntary retirement 
orr layoff risk at age t is therefore represented by the Logit probability4 

„„  = P(s, = 1|0,)=, 7 ( ^ M (5.10) 
11 + exp \Z\b) 

wheree 6 is a vector of behavioural parameters that express the effects of the worker 
andd employer characteristics in Zt. 

*Seee appendix 5.C for a derivation of the Logit model. 



5.4.5.4. A Single Transition Retirement Model 133 3 

Thee distinction between observed and unobserved determinants is also made 
forr the utilit y levels that determine the value functions of retirement. Income and 
leisuree values are not completely certain. It is assumed that utilit y can be separated 
additivelyy into a deterministic and a stochastic part as 

UUkk = V\ + ek (5.11) 

Assumptionss regarding the nature of the unobserved values of ek determine the 
structuree of the statistical retirement model. For instance, if it is assumed that 
workerss have perfect foresight about future retirement opportunities, and ef is only 
usedused to account for optimisation errors or utilit y specific shocks that are known to 
thee worker but not to the researcher, then the model boils down to a single opti-
misationn problem at age t. An example of such a model can be found in Fields 
andd Mitchell (1984a). The perfect foresight assumption may however be too strong, 
eitherr because of uncertainty concerning income, health or other personal character-
istics,, or because more information about the institutional situation (i.e. retirement 
opportunitiess and constraints) becomes available as time evolves. In order to take 
accountt of this, it is important to be precise about sources of uncertainty in the 
decisionn process. In the present study, it is assumed that future retirement oppor-
tunitiess are perfectly foreseen, but that income levels and preferences for leisure 
aree not completely certain. In particular, it is assumed that workers are uncertain 
aboutt future drawings of ek but not about current values, while researchers have 
noo information on both future and current values of e\. A convenient specification 
iss that the unknown utilit y values ek assume an independent but identical Extreme 
Valuee (Type I) distribution. These assumptions produce a model that is similar 
too the dynamic programming optimal stopping model of Daula and Moffit t (1995), 
withh closed form solutions for choice probabilities and expectations of maximum 
futuree utility . These solutions are derived in appendix 5.C. 

Givenn these specifications, the two period expected value functions for retirement 
alternativess k G {ER, Dl, UE}  are given by 

VfVf = Vk
t + \Vt E[ max £ Vf+1 d{ +1 | rff = 1 ] + ek 

==  Ük
t + Aifc( 7 + F j+ 1) + ek (5.12) 

wheree 7 is Euler's constant and Vt
k
+1 = Vt+l  4- ek

+1. If workers choose to remain 
employed,, their decision process involves future evaluations of work and retirement 
opportunities,, which can be interrupted by an involuntary separation from employ-
ment.. The value function for work is therefore more complicated, since it has to 
accountt for more future alternatives and is allowed to depend on the risk of being 
laidd off through the expected value of voluntary and involuntary future retirement. 
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Usingg the closed form solution of the expectation of maximum future utility , as 
givenn in appendix 5.C, the age t specific value functions for work can be written as 

VVtt
ww =U™ + XntE[max £ V>+14+1 \ d? = l,St] 

== Z7t
W + XritP{St=0\Qt)E[uiBX Yl Vt

j
+ld.{+1\d? = l,St = 0] 

++  XrjtP(St = l\Qt)E[max V ) V?+1 4+1 \ d? = 1, 5, = 1 ] + ef 

== V™ + XVt(l-Tt)(y+\u( £ exp(F ;+ 1) ) ) 
j€Dj€Dii  + i 

++ XVt nt ( 7 + ln( £ e x p ( v { + 1 ) ) ) + ef (5.13) 
;€{£><+l \{w} } } 

££ —& , 
I tt is clear from equations (5.12) and (5.13) that known values of Vt+1, Ut and zt 

j .. jt 

wil ll  solve the two period optimisation problem, producing values for Vt. Since Ut 

iss expressed in observables, only the unknown values of e\ prevent the problem to 
havee a deterministic solution. The only information about e\ is the assumption 
thatt it takes on stochastic values from the Extreme Value (Type I) distribution. 
Therefore,, the model can only produce probabilistic choices, which are derived in 
appendixx 5.C as 

P(d**  = i | n t ) =
 e * p ( ^ ) _ , (5.i4) 

Thee dynamic programming retirement model thus reduces to a standard Logit model 
withh the dynamic value functions (5.12) and (5.13) as its arguments. 

—k k 

Finally,, the deterministic part of the utilit y value Ut needs to be further spec-
ified.. In the intertemporal optimisation problem of equation (5.1), utilit y from 
alternativee k at age t is generated by income level Yt

k and leisure L\. It is assumed 
thatt the valuation of leisure varies with personal characteristics like health, working 
conditionss and the presence of a partner or dependants. Denoting these personal 
characteristicss for alternative k at age t by the vector X* , the utilit y function is 
specifiedd as 

ÜÜkk
tt = ak + (XÏ)'0k + ^ l n ( y (

f c ) (5.15) 

wheree the parameters ak) /?*  and -dk are allowed to vary with alternative A:. Utilit y 
iss linear in its arguments by assumption, since there are no clear reasons for using 
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aa different functional form. The logarithmic specification of income is motivated 
byy the expectation that utility is increasing but concave in wages, pensions and 
benefits. . 

Thee most important features of the model are the incorporation of intertemporal 
decisionss in the expected value functions by means of future utilit y values, and the 
modellingg of the institutional structure by means of individual choice sets and in-
comee levels. It extends the dynamic programming retirement models of for example 
Stockk and Wise (1990), Berkovec and Stern (1991) and Daula and Moffit t (1995), 
byy modelling the optimal choice between current and future retirement jointly with 
thee choice between several retirement programmes, taking account of demand side 
restrictions. . 

5.4.44 Estimation Results 

Thee single transition dynamic programming model for retirement behaviour of el-
derlyy employees in the Netherlands is estimated by Maximum Likelihood (see ap-
pendixx 5.D for details). The parameter A is fixed at a value of 0.95 for simplicity5. 
Tablee 5.7 shows the estimation results. Except for income, all parameters for the 
employmentt decision are normalised to zero. This means that all reported parame-
ters,, other than for income, measure the effect of variables on retirement relative to 
thee choice for continued employment. This is a necessary condition for identification 
off  the dynamic programming Logit model. 

Sincee income is choice specific, its effect on retirement choices can be identified 
forr each choice separately. This way, preferences are expressed in choice specific 
valuationss of income. The influence of wage income is strong and significant. With 
risingg wage profiles, employment becomes more and more attractive, but other 
circumstancess induce people to eventually retire. Consequently, these other cir-
cumstancess must vary over time. Early retirement pensions and disability benefits 
turnn out not to influence retirement decisions significantly. This can be explained 
byy the small amount of variation in benefit levels, and by the presence of eligibility 
conditions.. People turn out to choose for early retirement or disability benefits as 
soonn as they become eligible, regardless of the benefit level This either points at 
generouss benefits or at high relative values for leisure if enjoyed in combination with 
thesee retirement programmes. Unemployment benefits do significantly influence re-
tirementt decisions, but only seem to be attractive for employees who are not eligible 
forr other retirement programmes. 

Thee parameters for age show that preferences for each of the retirement pro-
grammess decline over the life cycle. This does not mean that employees do not 
wantt to retire when they get older, but that they prefer to retire as soon as possible. 

55 A value of 0.95 for A implies that consumption or leisure a year later is valued at 95 percent 
off  immediate consumption or leisure. Other values for X have not been tested. 
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Tablee 5.7: Estimation Results for the Retirement Model 

Variaa We 

Logg of Wage Income 

Variable e 

Constant t 
Logg Ret i rement Income 

Age/10 0 
Healthh Limitat ions 

Sectorr Type 
Construct ion n 
Otherr Services 

Publ icc Sector 
Companyy Size 

Medium m 

Large e 

Workingg Condi t ions 
Stress s 
Mentall  Exert ion 
Physicall  Exert ion 

Tir in gg Work 

Variable e 

Constant t 

Age/10 0 
Publicc Sector 
Companyy Size 

Medium m 

Large e 
Noo Supervision 
Occupat ionall  Level 

Whi tee Collar 
Experience/10 0 
Tenure/10 0 

EarlyEarly Retirement 

estimate estimate 

6.152* * 
0.012 2 

-0.765* * 
0.090 0 

-0.116 6 
-0.081 1 
0.219* * 

-0.296 6 

-0 .362# # 

0.099 9 
0.066 6 
0.111 1 

-0.046 6 

error r 

1.060 0 
0.096 6 

0.133 3 
0.099 9 

0.104 4 
0.114 4 
0.109 9 

0.225 5 

0.215 5 

0.067 7 
0.100 0 
0.101 1 

0.073 3 

Employment Employment 
estimate estimate 

0.246* * 

error error 

0.068 8 

Disability Disability 

estimate estimate 

0.772 2 
0.121 1 

-0.129* * 
0.289* * 

0.117 7 
-0.240* * 

0.186* * 

-0.210* * 

-0.015 5 

0.005 5 
0.089 9 
0.099 9 

0.073 3 

error error 

0.575 5 
0.093 3 

0.072 2 
0.083 3 

0.079 9 
0.101 1 
0.087 7 

0.116 6 

0.092 2 

0.061 1 
0.073 3 
0.070 0 
0.072 2 

Layoff Layoff 
estimate estimate 

-3.009* * 
0.628* * 

-0.571* * 

-0.834* * 
-0.761* * 

0.337* * 

0.363* * 
-1.560* * 
-0.081 1 

error error 

1.415 5 
0.257 7 

0.231 1 

0.395 5 

0.372 2 

0.204 4 

0.208 8 
0.119 9 
0.097 7 

Unemployment Unemployment 

estimate estimate 

1.534* * 
0.127* * 

-0.223* * 
0.099 9 

0.070 0 
-0.127 7 
0.045 5 

-0.047 7 

-0.009 9 

-0.028 8 
-0.011 1 
-0.016 6 

0.010 0 

error error 
1.415 5 
0.042 2 

0.049 9 
0.083 3 

0.062 2 
0.081 1 
O.073 3 

0.084 4 
0.077 7 

0.049 9 
0.055 5 
0.053 3 
0.050 0 

* :: significant at the 5 percent level; * :: significant at the 10 percent level 



5.4.5.4. A Single Transition Retirement Model 137 7 

Thiss is confirmed by the constants for each of the retirement programmes. They 
showw strong preferences for leisure, in particular when receiving early retirement 
benefits.. Preferences for leisure decrease with age, but at a declining rate. Since 
expectedd present values of income are increasing with the age of retirement, the 
optimall  retirement age is determined by the maximum sum of income and leisure. 
Statedd differently, preferences for leisure are such that early retirement is preferred 
fromm an early age on, but people continue to work to profit from a rise in expected 
wagess and benefits, and because people are simply not eligible for benefits at early 
ages. . 

Evidencee for the importance of eligibility conditions in retirement decisions is 
obtainedd from a model in which eligibility rules for early retirement are ignored. 
Estimationn results in table 5.8 show significant and positive effects of early retire-
mentt benefits on the probability of early retirement in the absence of eligibility 
constraints.. In addition, the coefficients for age and leisure show low initial pref-
erencess for leisure, but a strong increase with age. The model without eligibility 
conditionss therefore explains entry into early retirement by an increase in benefit 
levelss and a rising valuation of leisure time, instead of by eligibility for early retire-
mentt benefits. This confirms that benefits and leisure are highly valued in the early 
retirementt programme, but ignores that this valuation is already strong at an early 
age. . 

Tablee 5.8: Comparison of Estimation Results for the Early Retirement Decision 

Variable Variable 
Cons tant t 

Logg of Ret i rement Income 
Age / io o 

Model Model with with 
EligibilityEligibility  Constra,ints 

estimate estimate 

6.152* * 

0.012 2 
-0.765* * 

error error 
1.060 0 
0.096 6 
0.133 3 

Model Model 

Eligibility Eligibility 
estimate estimate 

-1.360* * 
0.148* * 
0.160* * 

without without 
Constraints s 

error error 
0.449 9 

0.048 8 
0.058 8 

* :: significant at the 5 percent level 

Inn general, employees prefer retirement through an early retirement programme 
andd are willin g to wait until the age of eligibility. If they have no access to such 
aa programme, or special circumstances substantially increase their preferences for 
leisure,, the disability programme is financially a next best alternative, but it re-
quiress recognition of some health problem. The unemployment programme only 
seemss to function as a financial backup. An example of special circumstances that 
mayy increase preferences for leisure and make workers choose the less attractive dis-
abilityy programme, is the onset of a serious health problem. In general, unhealthy 
peoplee prefer retirement to employment. Health problems make workers eligible 
forr disability programmes, which explains the strong positive effect of health on re-
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tirementt through disability. Since disability programmes absorb all employees with 
seriouss health problems, health does not significantly influence retirement through 
unemploymentt programmes. Chapter 6 includes a more detailed discussion about 
thee role of health in retirement decisions, illustrated by an empirical analysis. 

Severall  working conditions have been included in the model to see whether differ-
encess between jobs and functions may explain differences in retirement behaviour. 
Nonee of the included self-reported working conditions turn out to have a signifi-
cantt effect on retirement. It is particularly remarkable that none of the working 
conditionss affects entrance into disability programmes. The same is true for dif-
ferencess in retirement behaviour between sectors of industry. One would expect 
that,, for instance, physical working conditions in the construction industry would 
bee responsible for the relatively high entry of employees into disability programmes. 
Thee estimation results do show that construction workers have higher preferences 
forr disability programmes, but the effect is not significant. Apparently, entry into 
disabilityy programmes by construction workers is better explained by serious indi-
viduall  health problems than by sector circumstances. The only significant sector 
effectt is found for employees in non-financial services, who have smaller probabilities 
too enter disability programmes. 

Publicc sector workers show higher preferences for leisure and early retirement 
thann private sector workers. Since the model takes differences in income and re-
tirementt opportunities into account, this can only be explained by differences in 
workingg conditions. These may include tradition, work ethic or commitment to 
thee employer6. The size of the company seems to be a minor but significant de-
terminantt of retirement behaviour. Workers in large companies have lower than 
averagee preferences for early retirement and workers in medium sized companies 
havee lower than average preferences for disability programmes. No significant effect 
onn retirement behaviour is found for gender, birth cohort, education, marital status, 
labourr market status of partners, occupational level and level of supervision. These 
variabless are left out of the model to limi t the empirical work. 

Too identify the layoff risk, only a small number of observations is available. 
Nevertheless,, many parameters turn out to be significant. The strongest and most 
significantt effect is found for labour market experience. This variable shows that 
thee longer workers have been employed, the smaller the probability of being laid off, 
orr the higher the probability that the worker may quit him or herself. Tenure does 
nott significantly influence the layoff rate, but age does. These results mean that 
labourr market experience reduces the risk of being laid off, while becoming older at 
thee same time increases this risk. 

Otherr factors that influence the layoff probability are the size of the company, 
sectorr of industry, the amount of supervision and occupational level. Medium and 

66 In addition, some government sectors provide very early retirement opportunities, for example 
thee army and the police force. 
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largee sized companies show the smallest layoff rates, which means that relatively 
mostt involuntary retirements take place at small companies. Public sector workers 
havee significantly smaller probabilities of being laid off. Again, this can not be 
attributedd to better retirement opportunities, since the model already takes account 
off  these. Public sector workers retire earlier, even though they are less forced to do 
so.. Finally, white collar workers and employees who do not supervise other workers 
havee higher probabilities of being laid off. 

AA comparison of models that do and do not account for involuntary retirement, 
showss that the layoff rate is correlated with the level of labour income and health. 
Tablee 5.9 shows that the influence of wages and health is over-estimated when invol-
untaryy retirement is not included in the model. This implies that employers prefer 
too layoff workers with health limitations, or that employees with health limitations 
soonerr report their retirement as being involuntary. Workers with lower wages 
havee higher probabilities of being laid off, or they sooner indicate that their re-
tirementt was involuntary. Another result from the model that ignores layoff rates, 
iss that the age effect on entry into disability and unemployment programmes is 
under-estimated,, and on entry into early retirement over-estimated. Apparently, 
involuntaryy retirees have higher preferences for early retirement and lower prefer-
encess for disability and unemployment programmes than voluntary retirees. The 
explanationn is that involuntary retirees compare early retirement with disability 
andd unemployment, while voluntary retirees compare all retirement routes to em-
ployment.. This crucial difference is included in the retirement model to estimate 
truee preferences for income, health and leisure time. 

Tablee 5.9: Comparison of Estimation Results with and without a Layoff Rate 

—— — 

Variable Variable 
Logg of Wage Income 
Effectt of Health Limitations on 

Earlyy Retirement 
Disability y 
Unemployment t 

Age/io o 
Earlyy Retirement 
Disability y 
Unemployment t 

Model Model with with 
LayoffLayoff Rate 

estimate estimate 

0.246* * 

0.090 0 
0.289* * 
0.099 9 

-0.765* * 
-0.129* * 
-0.223* * 

error error 

0.068 8 

0.099 9 
0.083 3 
0.083 3 

0.133 3 
0.072 2 
0.049 9 

Model Model without without 
LayoffLayoff Rate 

estimate estimate 

0.299* * 

0.065 5 
0.369* * 
0.197* * 

-0.852* * 
-0.006 6 
-0.087* * 

error error 

0.047 7 

0.110 0 
0.094 4 
0.089 9 

0.082 2 
0.054 4 
0.029 9 

significantsignificant at the 5 percent level 

Thee full dynamic retirement model serves as a reasonable approximation of 
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observedd voluntary and involuntary retirement patterns. Most of the included vari-
abless improve its explanatory power. Evidence for this is given in table 5.10, which 
presentss some measures of fit. These measures test the explanatory power of parts 
off  the model by restricting the parameters to zero. The likelihood value of the re-
strictedd model is then compared with that of the full dynamic programming model. 
Eachh restricted part of the full model turns out to be statistically significant. The 
Likelihoodd Ratio values are in each case higher than the corresponding critical \ 2 

value.. A comparison between the dynamic retirement model and its static equiva-
lent,, in which workers are assumed to be myopic in their retirement choice, shows 
aa lower absolute likelihood value for the dynamic model, and therefore a better 
explanationn for workers' retirement decisions than the static model. A model that 
ignoress the layoff rate is also rejected by the Likelihood Ratio test. Finally, from 
thee likelihood values in table 5.10, one can construct an overall pseudo-/?2 for the 
fulll  model, which is equal to 0.52. This implies that the model statistically explains 
522 percent of the observed retirement behaviour. 

Tablee 5.10: Measures of Fit for the Retirement Model 

Model Model 
Fulll  Dynamic Model 
Restr ic tedd Ret i rement Choice 

Restr ictedd Layoff Rate 
Fullyy Restr icted 
Wi thoutt a Layoff Rate 
Fulll  Stat ic Model 

NumberNumber of 
Restricted Restricted 
Va.ria.bles Va.ria.bles 

0 0 
37 7 
8 8 

45 5 
9 9 
0 0 

Likelihood Likelihood 

Vaiue e 

-560.55 5 
-838.68 8 
-850.42 2 
-1160.43 3 
-612.21 1 
-592.13 3 

Likelihood Likelihood 
RatioRatio Vaiue 

278.13 3 
289.87 7 

599.88 8 
51.66 6 

Critical Critical 

XX22 Vaiue 

55.17 7 
15.51 1 
64.91 1 
16.92 2 

Thee fit of the model to observed retirement behaviour by age is shown in figures 
5.11 to 5.6 for each retirement alternative. A comparison between results of the 
Maximumm Likelihood estimator and results of a Non-parametric Estimator7 shows 
thatt the dynamic programming model is able to closely reproduce the average con-
ditionall  probabilities in the data. Al l graphs show a slight deterioration in the fit 
afterr age 60 as a result of the small numbers of observations. The figures also clearly 
indicatee that the estimated layoff rate does not provide a very good representation 
off  involuntary retirement at advanced ages. As a result, the model under-estimates 
conditionall  retirement probabilities for workers older than 59. 

7Thee Non-parametric Estimator is used to give a close description of conditional retirement 
probabilitiess that can be derived directly from the data. It allows for smoothing the probability 
distributionn at places where large fluctuations exist, due for example to a lack of data. 

http://Va.ria.bles
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Figuree 5.1: Comparison of Estimators for Work Choice 
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Figuree 5.2: Comparison of Estimators for Early Retirement 
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Figuree 5.3: Comparison of Estimators for Disability 
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Figuree 5.4: Comparison of Estimators for Unemployment 
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Figuree 5.5: Comparison of Estimators for Quits 
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Figuree 5.6: Comparison of Estimators for Layoffs 
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5.55 How Choice Constraints Affect Ret irement 

Thee effect of choice constraints on retirement behaviour by elderly employees can 
bee further investigated by using the estimated dynamic retirement model in simula-
tions.. In this section, three simulations are performed for the following situations: 
aa complete relaxation of early retirement eligibility constraints, a reduction of layoff 
probabilitiess to zero, and a rise in the age of mandatory retirement from 65 to 67. 

Tablee 5.11 shows estimated conditional retirement probabilities at selected ages 
forr the observed situation in the CERRA data (1), and in the absence of early retire-
mentt constraints (2). The probabilities are expressed in percentages of employees 
byy age. It is clear that early retirement programmes are very attractive. In the 
absencee of eligibility requirements, employees choose this option from a very early 
agee on, even though wages and early retirement benefits still rise with the age of re-
tirement.. Again, this shows that with financially generous retirement programmes, 
eligibilit yy rules are very important in the determination of retirement decisions. 
Thee substitution from disability and unemployment programmes is also evident. It 
confirmss that many employees choose these benefit programmes as next best al-
ternativee only, for example when people are laid off and not yet eligible for early 
retirementt benefits. 

Tablee 5.11: Effect of Eligibilit y Constraints on Conditional Retirement Percentages 

Age Age 

43 3 
47 7 

51 1 

54 4 
57 7 

60 0 

63 3 

Employment Employment 

(1) (1) 
94.3 3 
97.7 7 

96.1 1 
95.0 0 
88.3 3 

60.3 3 
79.9 9 

(2) (2) 
15.9 9 
22.0 0 

31.2 2 
40.6 6 
52.8 8 

51.4 4 
72.7 7 

EarJyy Re 

(1) (1) 
0.0 0 
0.0 0 

0.9 9 
4.5 5 
9.5 5 

36.3 3 
18.3 3 

tirement tirement 

(2) (2) 
84.1 1 
78.0 0 

68.8 8 
59.4 4 
47.0 0 

47.8 8 
26.0 0 

Disability Disability 

(V (V 
0.8 8 
0.2 2 

0.6 6 
0.8 8 
1.0 0 
0.9 9 

0.6 6 

(2) (2) 
0.0 0 
0.0 0 

0.0 0 

0.0 0 
0.2 2 
0.2 2 

0.4 4 

UnUn em ploy me 

(1)(1) (2) 
4.99 0.0 
2.11 0.0 

2.44 0.0 

3.33 0.0 
1.22 0.1 
2.55 0.5 

1.22 1.0 

(l):(l):  Observed situation; (2): Situation where no early retirement eligibility constraints exist 

Resultss for the case with no layoffs are illustrated in table 5.12. Conditional 
probabilitiess of continued employment become higher at all ages. People who are 
noo longer forced to retire were distributed over all retirement programmes. In the 
absencee of involuntary retirement, each worker is able to optimise his or her retire-
mentt age, given financial situations, health, working conditions etc. More people 
stayy in the labour force until they reach eligibility for early retirement benefits, 
whichh is reflected by an increase in the conditional probability for early retirement 
att age 63. Again this confirms that for most people, early retirement programmes 
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aree by far the most attractive retirement option, regardless of retirement age. 

Tablee 5.12: Effect of Layoff Risks on Conditional Retirement Percentages 

Age Age 

43 3 
47 7 
51 1 
54 4 
57 7 
60 0 
63 3 

Employment Employment 

(1) (1) 
94.3 3 
97.7 7 

96.1 1 
95.0 0 
88.3 3 
60.3 3 
79.9 9 

(2) (2) 
98.5 5 
99.7 7 

98.8 8 
98.8 8 
94.7 7 
83.7 7 

92.2 2 

Voluntary Voluntary 
EarlyEarly Retirement 

0) 0) 
0.0 0 
0.0 0 
0.9 9 
0.7 7 

4.9 9 
16.5 5 
6.7 7 

(2) (2) 
0.0 0 
0.0 0 
0.6 6 
0.6 6 
4.9 9 

15.7 7 
7.1 1 

Voluntary Voluntary 
Disability Disability 

(1) (1) 
0.6 6 
0.1 1 

0.2 2 
0.3 3 
0.5 5 
0.2 2 

0.4 4 

(2) (2) 
0.3 3 
0.0 0 
0.1 1 

0.2 2 
0.3 3 
0.2 2 
0.3 3 

Voluntary Voluntary 
Unemployment Unemployment 

(1) (1) 
2.4 4 
0.9 9 
0.6 6 
0.9 9 
0.4 4 

0.4 4 
0.5 5 

(2) (2) 
1.2 2 
0.3 3 
0.5 5 
0.5 5 
0.1 1 

0.5 5 
0.4 4 

(1):(1): Observed situation; (2): Situation where no layoffs exist 

Thee third simulation concerns a situation in which the age of mandatory retire-
mentt is increased from age 65 to 67. Table 5.13 shows a comparison of conditional 
retirementt probabilities for these situations. It is clear that the effects are very 
small.. Only a slight decrease in voluntary retirement up to age 60 is found, which 
iss compensated by increased voluntary retirement probabilities after age 60. The 
majorityy of employees who are eligible for early retirement benefits enter this pro-
grammee immediately, regardless of the age of mandatory retirement. An increase 
inn the age of mandatory retirement therefore mainly affects the well-being of people 
whoo do not have access to generous retirement programmes. 

Tablee 5.13: Mandatory Retirement Effect on Conditional Retirement Percentages 

Age Age 

43 3 
47 7 

51 1 
54 4 
57 7 
60 0 
63 3 
65 5 

Employment Employment 

(1) (1) 
94.3 3 
97.7 7 

96.1 1 
95.0 0 
88.3 3 
60.3 3 
79.9 9 

0.0 0 

(2) (2) 
94.4 4 
97.8 8 
96.1 1 
95.0 0 
88.4 4 
60.6 6 
79.1 1 
99.0 0 

Voluntary Voluntary 

Retirement Retirement 

(1) (1) 
3.0 0 
1.0 0 
1.7 7 

1.9 9 
5.8 8 

17.1 1 

7.6 6 
0.0 0 

(2) (2) 
2.9 9 
1.0 0 
1.7 7 
1.8 8 
5.7 7 

16.9 9 
8.5 5 
0.5 5 

Inn voluntary 
Ret Ret 

(1) (1) 
2.7 7 
1.3 3 
2.2 2 
3.2 2 
5.8 8 

22.5 5 
12.5 5 
0.0 0 

irement irement 

(2) (2) 
2.7 7 
1.3 3 

2.2 2 
3.2 2 
5.8 8 

22.5 5 
12.5 5 
0.5 5 

(1):(1): Observed situation; (2): Situation with mandatory retirement at 67 instead of 65 
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5.66 Conclusions 

Thiss chapter has presented an empirical analysis of individual retirement decisions 
byy elderly employees, with emphasis on retirement incentives and choice constraints. 
Incentivess consist of income sources like wages and benefits, individual specific char-
acteristics,, social circumstances, labour market histories, job characteristics, age 
andd health. Choice constraints considered in this chapter are eligibility conditions 
forr early retirement benefits and labour market conditions summarised in the prob-
abilityy of a layoff. A single transition model for individual retirement decisions 
wass presented and estimated. The model includes the structure of Social Insurance 
andd private pensions schemes, eligibility conditions for early retirement benefits, 
andd allows for the estimation of layoff probabilities. Individual retirement choices 
aree specified by age and retirement programme. The dynamics in the model al-
loww it to depend on future conditions and changes in future conditions that result 
fromm current decisions. The analysis was completed with simulations that use es-
timatedd parameter values to assess the influence of hypothetical changes in choice 
constraints. . 

Thee main objectives of this chapter were threefold: to assess the effects of finan-
cial,, social and workplace incentives on retirement, to determine the factors that 
constrainn retirement decisions, like benefit and pension eligibility and labour market 
conditions,, and to show the feasibility of estimating a dynamic programming model 
withh only limited information from a single cross-sectional survey. 

Thee estimation results showed that the main determinants of retirement deci-
sionss are wages, absolute preferences for leisure time, health conditions and choice 
constraints.. A high valuation of leisure induce employees to prefer retirement from 
ann early age on, but earnings are valued such that retirement is postponed un-
ti ll  these earnings can be replaced by similar income levels from early retirement 
programmes.. These benefits are however restricted by eligibility conditions, which 
turnn out to be essential in retirement decisions. The optimal retirement process is 
changedd by circumstances that alter the relative preferences for income and leisure, 
orr rule out work as a choice alternative. Examples are a sudden deterioration of 
healthh or layoff by the employer. If eligibility conditions restrict the availability of 
earlyy retirement benefits, disability programmes are used as a next best alternative. 
Mostt people with health problems retire through early retirement and disability 
programmes.. Unemployment programmes only seem to serve as a financial fall 
backk option. 

Thee importance of eligibility constraints in retirement decisions was confirmed 
byy two separate analyses with the model. When eligibility conditions are ignored, 
preferencess for early retirement are attributed to rising preferences for leisure by age 
andd increasing benefit levels, which are both correlated with eligibility conditions. 
Simulationss in which eligibility constraints are completely absent showed that the 
majorityy of employees prefer to retire early, particularly at lower ages. Therefore, 



5.6.5.6. Conclusions 147 7 

ann important reason for people to remain employed, is the presence of eligibility 
ruless that restrict early retirement benefits. Substitution from disability and unem-
ploymentt to early retirement programmes in the absence of eligibility constraints, 
confirmm that disability and unemployment benefits are chosen as next best solutions 
byy workers who prefer, or are forced, to retire. 

Anotherr constraint that was modelled in the analysis is the probability of a 
layoff.. Employers prefer employees who are both experienced and young. Elderly 
employeess with few experience therefore have the highest probabilities of being laid 
off.. Factors that decrease the layoff rate are the size of the company, whether 
workerss are part of the public sector, and whether they supervise other workers. 
Layoffss are positively related to health limitations and wages. Simulation of a 
situationn in which no layoffs take place provided evidence that people prefer to 
continuee to work until they become eligible for early retirement benefits. This 
showss that layoffs change the optimal retirement process and lead to sub-optimal 
retirementt decisions. 

Thee role of health in the analysis may however be problematic for three reasons. 
Firstly,, health may pick up correlated effects of working conditions. Secondly, the 
healthh variable may be an approximation for eligibility conditions that exist for 
disabilityy programmes, but which can not be included in the model by lack of 
information.. And thirdly, reported values of health may already be affected by 
thee labour market state of respondents. This can lead to an over-estimation of the 
effectt of health in retirement decisions. Since health is an important determinant 
off  retirement, chapter 6 elaborates on the measurement of health and its inclusion 
inn a dynamic model for retirement decisions. 

Thiss chapter has succeeded in showing the feasibility of estimating a dynamic 
programmingg model for retirement decisions with limited information only. It turns 
outt to be possible to integrate a complete structure of retirement alternatives and 
choicee constraints in a dynamic framework and to estimate model parameters, based 
onn the observation of only one labour supply decision per worker. The dynamic 
modell  is able to explain this decision better than a static model, in which workers 
aree myopic in their decision process and thus look at present circumstances only. 
Thee fit of the model to actual behaviour is good for all choice alternatives and for 
mostt ages. From age 60 on, the fit  slightly deteriorates, especially for layoffs, but 
theree are only a few available observations for these ages. Still, the model explains 
522 percent of all variation in observed retirement behaviour. 
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Appendicess to Chapter 5 

5.AA Variable Definitions 

Al ll  variables that are used in chapter 5 are defined in this appendix in alphabetical 
order.. Dummy variables equal one if respondents or company possess the relevant 
characteristics,, and zero otherwise. For most variables, data is available for 1993 
andd 1995. The value for 1994 is taken equal to that in 1993, except for time-varying 
variabless such as age. All unknown future values are assumed to equal the last 
knownn value, except when explicitly stated otherwise. 

Absentee ismm - Fraction of work-time that has been lost to absenteeism at the 
companyy in 1993. 

Agee - Age of respondent, denoted by t in the retirement model. 

Capitall  Deepening Dummy variable indicating whether the company has in-
vestedd in capital deepening in 1993. 

Capitall  Replacement - Dummy variable indicating whether the company has 
investedd in capital replacement in 1993. 

Changess in Required Skill s - Dummy variables indicating whether required 
skillss for jobs at the company change frequently or not, and whether these 
changess are accompanied by education for employees, or by a change in the 
compositionn of the work force. 

Companyy Size - Dummy variables indicating the number of employees working at 
thee respondent's company, classified into 3 groups: Small (1 to 5 employees), 
Mediumm (6 to 50 employees), and Large (more than 50 employees). 

Earl yy Retirement Eligibilit y - Dummy variable indicating whether the respon-
dentt meets the age and tenure conditions of employer provided early retirement 
schemess (VUT) . 

Earl yy Retirement Scheme - Dummy variable indicating whether the company 
hass an early retirement (VUT) scheme (Vervroegde Uittreding) available for 
employees. . 

Educationn - Dummy variables indicating the highest completed level of schooling, 
eitherr Lower education (elementary school, primary vocational and secondary 
general),, Medium education (secondary vocational and higher general) and 
Higherr education (higher vocational and academic). 

Exi tt  Rate - Number of elderly employees (aged 50 and older) who leave the 
companyy in 1993 as a fraction of all elderly workers employed at that company 
ass of January 1st, 1994. 
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Experiencee - Number of years that the respondent has been employed. The value 
off  this variable increases by one for every year the worker decides to continue 
employment. . 

Femalee - Dummy variable indicating whether the respondent is female. 

Flexiblee Pension Scheme - Dummy variable indicating whether the company 
hass a flexible pension scheme available for employees. 

Forcedd Wor k Pace - Dummy variable indicating whether workers in typical jobs 
forr elderly employees at the company have a forced work pace. 

Fractionn Elderl y Worker s - Number of elderly workers (aged 50 and older) as a 
fractionn of the total number of contract workers at the company. 

Fractionn High Educat ion- Fraction of elderly workers (aged 50 and older) at the 
companyy who have high levels of education (higher vocational and academic 
education). . 

Fractionn Medium Education - Fraction of elderly workers (aged 50 and older) 
att the company who have medium levels of education (secondary vocational 
andd higher general education). 

Fractionn Part-t im e Worker s - Number of part-time workers as a fraction of the 
totall  number of contract workers at the company. 

Fractionn of Vacancies - Number of vacancies in 1993 as a fraction of the total 
numberr of contract workers at the company. 

Fractionn of Wage Costs - Fraction of total labour costs in the production costs 
off  the company. 

Fractionn wit h Trainin g - Fraction of elderly workers (aged 50 and older) at the 
companyy which has received some kind of company training. 

Grosss Wage Level - Average gross wage level for the most typical job in which 
elderlyy workers are employed at the company. 

Badd Health Condition - Variable indicating the respondent's health status, 
basedd on the HSCL score (see chapter 6). Higher scores indicate worse health 
conditions. . 

Healthh Limitation s - Dummy variable indicating whether the respondent reports 
healthh problems that explicitly restrict working abilities in present or other job. 

Inpu tt  Measurable - Dummy variable indicating whether the input of workers in 
typicall  jobs for elderly employees can be easily monitored at the company. 

Labourr  Agreement - Dummy variables indicating whether labour conditions at 
thee company are subject to central labour agreements for some or all employees. 

Layofff  Rate - Number of elderly employees (aged 50 and older) who leave the 
companyy involuntarily in 1993 as a fraction of all elderly workers employed at 
thatt company as of January 1st, 1994. 
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Layofff  Risk - Number of elderly employees (aged 50 and older) who leave the 
companyy involuntarily in 1993 as a fraction of all elderly employees who ieave 
thee company in 1993. 

Measuress to Keep Elderl y - Dummy variables indicating whether certain mea-
suress are taken by the company to keep elderly workers employed for a longer 
periodd of time. 

Negativee Expectat ions - Dummy variable indicating whether the company ex-
pectss negative trading results in 1994. 

Negativee Tradin g Results - Dummy variable indicating whether the company 
showss negative trading results in 1993. 

Numberr  of Contract Worker s - Total number of contract workers at the com-
panyy in 1993. 

Occupationall  Level - Dummy variables indicating the respondent's type of oc-
cupation,, classified into 4 combined categories: Blue and White Collar for 
physicall  and mental work, and High and Low, depending on the skills needed. 
Thee distinction is based on the CBS (1984) occupational classification. 

Opinionss for  Typical Job - Variables indicating certain opinions of the company 
aboutt elderly workers in a typical job for elderly employees. Opinions are: 
elderlyy are more il l than younger workers, elderly workers cost more than they 
producee (Productivity < Wages), elderly workers produce more than they cost 
(Productivityy > Wages), special adjustments are needed for elderly workers in 
orderr for them to do their job, elderly workers have lower productivity's than 
youngerr workers (Elderly Less Good), leadership is important, it is difficult to 
fillfill  vacancies, and the optimal number of years of experience to perform these 
typicall  jobs. 

Outpu tt  Measurable - Dummy variable indicating whether the output of workers 
inn typical jobs for elderly employees can be easily monitored at the company. 

Pre-Earl yy Retirement Scheme - Dummy variable indicating whether the com-
panyy has a retirement scheme available that starts earlier than regular early 
retirementt schemes. 

Publi cc Sector  - Dummy variable indicating whether the respondent's most recent 
jobb is in the public sector, regardless of industrial sector type. 

Qui tt  Rate - Number of elderly employees (aged 50 and older) who leave the 
companyy voluntarily in 1993 as a fraction of all elderly workers employed at 
thatt company as of January 1st, 1994. 

Retirementt  Income - Income from the retirement programme that is obtained by 
thee respondent: early retirement pensions, disability benefits or unemployment 
benefits. . 
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Sectorr Type - Dummy variables indicating the industrial sector in which the re-
spondentt holds his or her most recent job. Based on the CBS (1994c) 1 digit 
sectorr classification, a distinction is made between Agriculture and Fishing 
(0),, Mining (1), Heavy Industries (2), Light Industries (3), Utilities (4), Con-
structionn (5), Catering (6), Transport (7), Financial Services (8), and Other 
Servicess (9). 

Supervis ionn - Dummy variables indicating the respondent's degree of supervi-
sion,, expressed in the number of supervised employees. Four categories are 
distinguished:: None, 1 to 4 employees, 5 to 49 employees, and more than 49 
employees. . 

Tenuree - Number of years that the respondent has been employed with the same 
employerr in his or her most recent job. The value of this variable increases 
byy one for every year workers decide to continue employment with the same 
employer. . 

Trainin gg - Dummy variable indicating whether the respondent has participated in 
anyy form of job training in the previous two years. 

Wagee Income - Estimated yearly net real wages from chapter 4. 

Work ingg Conditions - Dummy variables indicating self-reported working condi-
tionss of the respondent. A distinction is made between Stress (not being able 
too work at own pace or being too busy), Mental Exertion (dangerous work, 
workingg with dangerous materials, large mental effort or concentration), Physi-
call  Exertion (job demands large physical effort, heavy liftin g or much bending) 
andd Tiring Work (work is tiring, overtime work is expected or working hours 
aree irregular). 

Yearss unti l Eligibilit y - Number of years before the respondent meets the age 
andd tenure conditions of employer provided early retirement schemes (VUT) . 

5.BB The Dynamic Programming Equation 

Thee value function in section 5.4 represents the multidimensional optimisation prob-
lem m 

oo o 

V,, = m a x £ [ £ A - % £ Uk dk
s \Qt]  (5.16) 

dd''  s = t k€D, 

wheree A is the time discount rate, T}S the survival probability in period s conditional 
onn survival up to period s, Uk the utilit y value of alternative k in period s that 
dependss on income Ya

k and leisure Lk
s, and Qt a representation of all relevant infor-

mationn for the decision process that is known up to period t. The control variables 
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ddkk indicate whether alternative k is chosen from the choice set Ds in period s. Using 
thee dynamic programming method of Bellman (1957), this multidimensional prob-
lemm is simplified to a sequence of two-dimensional problems (see also Eckstein and 
Wolpinn (1989) for various discrete choice applications). First, the value function is 
rewrittenn as 

oo o 

VVtt = max £ [ £ > < -< 7?, £ Uk dk
5 \ Qt } 

ss = t k£D, 

00 0 

== max E[ £ Uf dk + £ A'"« fj. £ Uk dk \ Qt ] 
dd'' keDt s-t+i keD, 

oo o 

==  max( £ t t f d f + m a x £[ £ A'"*  ^ £ Ukdk\Qt}) 
dd**  k^Dt d' s=t+i *ei>. 

== max( £ l / * d f + 
dd'' k£Dt 

oo o 
A i f c£ [max£[[  £ A - ^ 1 ^ , £ t/*  dj | "«+i, d*  = 1 ]] ) 

d**  s=t + l *€£>. 

== max( V 17* d*  + XntE[Vi+ i \ df = 1 ] ) (5.17) 
ddkk *—^ 

wheree f}s = r\sr] s-i. The th i rd equality follows from the max imum of current and 
futuree choices being equal to the max imum of the current choice plus the m a x i m um 
off  all future choices, given the current choice. Since the max imum current choice 
iss not known prior to opt imisat ion, the fourth equal i ty shows that future ut i l i t y is 
givenn by the expectat ion over all possible current choices. Using Bel lman's definition 
off  the dynamic programming equation, given by 

VVtt
kk = Ut

k + XtitE[Vi+1 | dj = l ] (5.18) 

thee value function is expressed by the dynamic p rogramming problem 

V,, =max V Vkdk (5.19) 
ddkk ^^ **  k£Dt 

Thiss problem can be solved by recursive optimisation of a sequence of dynamic 
programmingg equations, once the utility level for some future period is known. 
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5.CC The Extreme Value (Type I ) Distributio n 

Thee assumption in chapter 5 that the error terms t\ and \it are both identically 
andd independently distributed, means that they are generated by the same distri-
bution,, but that they are not correlated. The assumed Gumbel or Extreme Value 
distributionn is given by 

FF (E) = P (e < e) = exp ( - exp (-(e - 0 / 0 )) (5-20) 

withh mean E[e] — £ + 7#, where 7 = 0.577216 is Euler's constant. In addition, the 
Typee I Extreme Value distribution assumes for the location parameter that £ = 0 
andd for the variance parameter that 0 = 1, such that E[e]=y. For the dynamic 
programmingg model, these assumptions imply that the model reduces to a simple 
Logitt model with a closed form solution for the dynamic programming equation. 
Define e 

177 = max T V>+14+1 (5.21) 

andd VJ+1 = F (+ 1 + E{+1, then the distribution of U is derived as 

P(UP(U <e) = P{ei+l  < c-VJ
t+1) V j € A + i ) 

== n e xp( - e xPH e-^+ i ) ) ) 

== exp ( - exp (-e) ^2 e xP ( ^ t + i )) 

== exp ( -exp ( - ( c - I n ( £ exp(V^+ 1) ) ) ) (5.22) 

Thee second equality follows from the assumption that the error terms et + 1 are 
independentlyy and identically distributed. From equation (5.22) it can be concluded 
thatt U is Extreme Value distributed with parameters 

00 = 1 and £ = l n ( £ e x p ( F ; )) 

j€Dt j€Dt 

Ass a consequence, the expected maximum of future utility is given by 

E[maxE[max Yl Vt\idUi) = E[U]  = 7 + ln( £ exp(7;+ 1)) (5.23) 
ddUiUi  j€Dt + i j€Dt + 1 
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Thee probability of choosing alternative k from a choice set Dt, where choices are 
determinedd by the decision rule 

lklk__ ƒ i if v;*  > v?, V j e D ( 
<?? = 00 otherwise 

(5.24) ) 

cann be expressed as a closed form solution, using the assumption of identically and 
independentlyy Extreme Value (Type I) distributed error terms e\. Note that the 
probabilityy of generating maximum utilit y with alternative k is equal to 

P(diP(di = l\Qt) = P(Vt
k> Vt

j, V;G Dt) 

rrrk rrrk 
== Ptf) I I Ptë<ekt+Vt-V't) 

je{Dje{Dtt\k] \k] 

==  expt f) [ ] e x p ( - e x p ( - (£ f + F f - V j " ) ) ) (5.25) 
jeDjeDt t 

whichh is a known up to the value of z\. Integration over all possible values of et 

produces s 

//

COO . k 

exp(4)) exp( -exp (-(ef) £ exp( V{  - V, )) def 
-- oo ,\i- r> 

'T/JJ 77*  \ \ - l ==  ( ^ e x p ( ^ - ^ ) ) -

jEDjEDt t 

xexp(-expp (-(£f ) ^ e x p ^ - V , ) ) 

== ( ^exp^ ' -F f ) ) -1 

== (expt-V7" ) ^ e x p C F j ) ) "1 

exp(Tf) ) 
T7-7 7 

E j € D t
e xP ( ^ «) ) 

(5.26) ) 

whichh is a standard Logit model with the dynamic programming equations Vt
3 as 

arguments.. For the layoff risk, the arguments are Z't6 for involuntary separations 
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fromm employment and zero otherwise, resulting in 

P ( S,, = l | n , ) = " P ^ f f (5.27) 
11 + exp \Z\b) 

5.DD Th e Likelihoo d Function 

Thee dynamic programming model in section 5.4 describes the labour supply and 
retirementt decisions of employees in 1993. For the likelihood function, a distinction 
iss made between employees who choose to remain employed or voluntarily decide 
too retire through one of the available exit routes, and employees who are forced 
too retire after being laid off. The probability of observing individuals i choosing 
alternativee k at time t, is given by 

P(dP(dkk
tt = 1, Si.,-1 |fi,-t) = P(Silt-i \Qit) P{dk

it = 1 |n.-,, SM _i) (5.28) 

Forr voluntary choices this is equal to 

P(dP(dkk
tt = 1, Si%t-i = 0 I On) = (1 - *i,t-i)  P{dk

it = 1 | nit) (5.29) 

andd for retirement after a layoff equal to 

p(dftt = 1 ,5^-1 = 1 in,-,) = *,•,,-! p(d?i = i | a - t ) (5.30) 

Thee likelihood function is the product of these cases for all individuals i £ {1,..., N], 
andd can simply be written as 

N N 

LL = Y[ (TT,,,.!)5"'- 1 (1 - 7r i,,_1)(
1-s—) 1] p(dk

t = 1 I tlaf'  (5-31) 
ii = l k€Dt 




