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Chapterr 6 

Retirementt  and Health 

Chapterr 5 showed how labour supply and retirement decisions of elderly employees 
aree determined by income, preferences for leisure time, eligibility conditions, labour 
demandd factors, and health. Intuitively, health seems to be an important reason for 
retirement.. People with health problems have more trouble in performing labour 
thann healthy individuals. Health problems may raise the need for leisure time, 
butt leisure may also become less attractive when spend in less favourable health 
conditions.. At the same time, some doubts are cast about the role of health in the 
analysiss of chapter 5. Do reported health conditions represent true health levels 
thatt affect labour supply and retirement decisions? Is measured health consistent 
accrosss individuals, or do people with identical health conditions report different 
levelss of health? Is health correlated with working conditions or labour market 
statuss in a way that a simple analysis can not distinguish between these aspects? 
Thesee questions justify a separate treatment of the role of health in retirement 
decisions.. Many studies have already analysed the relationship between health and 
retirement,, but the extend to which health and retirement influence each other is 
stilll  open to discussion. 

Thee discussion in the literature has changed from a focus on the size of health 
effectss to the way in which health effects can be measured, and whether it can be 
treatedd as an independent factor that affects labour participation. Two closely re-
latedd aspects are of prime importance. Firstly, there is the question of how health 
cann be measured. Subjective health information obtained from individuals may 
containn a bias that is related to the employment situation. Consequently, it may 
bee inadequate to measure the true effect of health on retirement. Objective health 
informationn on the other hand, for example from medical reports, does not nec-
essarilyy reflect the kind of health problems that affect retirement decisions. The 
secondd aspect concerns the mutual influence of health and labour supply, or the 
endogeneityy of health and retirement. If investments in health are jointly deter-
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minedd with labour supply decisions, than health is not an independent variable 
thatt exogenously explains retirement behaviour. 

Thee present chapter discusses and illustrates both aspects and provides answers 
too the following questions: How does health develop over age? How can it be mea-
sured?? And how does it affect individual retirement decisions? The relation between 
healthh and retirement is discussed in section 6.1, first by a review of the health and 
retirementt literature, and next by an illustration of health measures in the CERRA 
data.. To account for endogeneity of health in life cycle retirement decisions, health 
profiless that depend on individual employment and retirement situations are es-
timatedd in section 6.2. These health profiles are applied in a life cycle dynamic 
programmingg model for retirement decisions in section 6.3, to measure the effect of 
healthh on retirement behaviour. Section 6.4 simulates the effects of improvements 
inn health conditions of individuals. Section 6.5 concludes. 

6.11 The Relation between Health and Retirement 

6.1.11 The Health and Retirement Literature 

Ass soon as retirement became a separate research topic, health became an obvious 
explanatoryy factor. Berkowitz and Johnson (1974) estimate the effect of health 
onn labour force participation by including several measures of health limitations. 
Theyy find significant negative effects on labour force participation for prime-age 
males,, but not for elderly males. In general however, most of the early studies find 
thatt health significantly affects participation decisions. Schemer and Iden (1974) 
forr example, find significant and strong disincentive effects of disability on labour 
supply. . 

Contraryy to Berkowitz and Johnson, Scheffler and Iden show that the inclusion 
off  health in a labour supply model reduces the magnitude of the coefficients for 
educationn and wage. The difference between both studies suggests that it is of 
primee importance which health measures are applied. In his model for dichotomous 
labourr force status, Quinn (1977) uses the question "Does your health limi t the kind 
orr amount of work or housework you can do?". He finds that the existence of health 
limitationss is the dominant explanation for retirement, with only a minor role for 
eligibilit yy for Social Security and other pensions. Since the health question is asked 
too both workers and retirees, later studies suggest that the effect simply reflects a 
systematicc tendency to report bad health as the reason for not working by those 
whoo actually prefer to retire early. Boskin and Hurd (1978) use a similar indicator 
forr health in their analysis of the effect of Social Security on early retirement, but 
usee health situations prior to retirement only. They argue that in this way, the 
estimatee is less likely to be the result of reporting errors, but they still find that 
workerss with self-reported health problems have almost twice the probability to 
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retiree than healthy workers. Bartel and Taubman (1979) note that most previous 
studiess measured health status either from an individual's self-evaluation of how 
welll  one feels, or from the time of work lost due to illness. They argue that for 
thee first measure, two individuals with identical illnesses do not necessarily rate 
theirr conditions identically, while for the latter measure, unhealthy individuals have 
somee discretion as to whether they work. They try to avoid these difficulties by 
estimatingg the effect of specific diseases that physicians diagnosed on wage rates 
andd hours worked. Gordon and Blinder (1980) find a substantial positive effect of 
healthh problems on retirement decisions. Health improvements over time should 
thereforee imply an increase in retirement ages, instead of the observed decrease. 
Theyy wonder whether people who want to retire for other reasons simply find "left 
lastt job for health reasons" a socially acceptable rationale for retirement. 

Too avoid criticism of bias that would result from a worker's desire to present 
sociallyy acceptable excuses for retirement, Burkhauser (1979) uses a health variable 
thatt does not depend on workers' judgements. In an analysis of pension acceptance 
decisionss by elderly workers, he controls for health by an indicator for the loss of 
55 or more weeks of work in the previous year, due to sickness. Again, health is 
foundd to be a significant and strong determinant for early pension acceptance. The 
resultt suggests that health is the primary factor for retirement, which is confirmed 
byy retrospective surveys of the Social Security Administration. To see whether 
economicc factors still influence the pension acceptance decision when persons are in 
il ll  health, Burkhauser estimates this decision separately for healthy and unhealthy 
individuals,, and finds no significant difference in the effect of financial variables. 

Parsonss (1980) extends the analysis by testing the proposition that economic 
incentivee effects are larger in absolute value for individuals in poor health. His 
basicc aim is to understand the decline in male labour force participation in the U.S. 
inn the 1960's and 1970's. If health is responsible for earlier retirement, the secular 
trendd in health conditions would induce increased instead of decreased labour force 
participation.. He estimates a Probit model for labour force participation in which 
healthh conditions are represented by a mortality index. The estimation results show 
aa significant negative relation between mortality as an objective measure of health 
andd labour force participation, with stronger disincentive effects for employment 
fromm Social Security and Welfare when health deteriorates. 

SubjectiveSubjective versus objective health measures 

Thee change from subjective to objective measures to estimate the impact of health 
onn retirement was substantiated by the observation that self-reported individual 
healthh conditions significantly explain early retirement decisions, without general 
healthh levels being able to explain the overall decline in participation. Parsons 
(1982)) argues that self-reported health measures are biased by the need to qual-
ifyy for health-conditioned transfer programmes, like the Social Security disability 
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programme.. He compares self-reported health conditions with early retirement and 
findss that non-participation and Social Security replacement ratios both show signif-
icantt positive impacts on the probability of declaring health problems. He suggests 
too use subsequent mortality in longitudinal data sets as an alternative to self-rated 
healthh measures. The estimation of male labour force participation with this objec-
tivee measure reveals strong work disincentive effects of Social Security replacement 
ratios,, which are not present when the model includes self-rated health. 

However,, objective measures of health are not necessarily good measures for 
healthh situations that are relevant for retirement decisions. Parsons (1982) already 
notess that the mortality index itself is not a perfect index for health problems that 
limi tt the performance of labour. Haveman and Wolfe (1984) argue that the mor-
talityy variable in Parsons' (1980) study is a weak proxy for work limitations. In 
addition,, they find the results to be unreliable for a number of reasons, most of 
whichh concern the inclusion of specific financial variables. In a redo, they include a 
self-reportedd measure of health and find hardly any effect of financial variables on 
labourr supply decisions. They claim that their subjective health variable measures 
thee severity of reported disability conditions, with reference to studies by Maddox 
andd Douglas (1973) and Waldron, Herold and Dunn (1982). These studies indi-
catee that self-reports of health are stable over time, highly correlated with medical 
doctorr reports, predict future medical evaluation better than early assessments by 
physicians,, and show no evidence of exaggeration of health problems related to 
beingg out of the labour force. 

Thee importance of the work by Parsons, and Haveman and Wolfe, is empha-
sisedd by Anderson and Burkhauser (1984), who contrast both studies. They show 
thatt large differences are found for labour participation equations, depending on 
thee inclusion of self-reported or objective measures of health, even when the same 
empiricall  specifications are used. They state that the major unsettled issue in the 
empiricall  literature on labour supply by elderly workers, is the appropriateness of 
measuress of health. Bazzoli (1985) tries to assess the reliability of different health 
measuress for retirement, and concludes that the effect of health on retirement as 
estimatedd in the majority of studies appears to be overstated. She presents evidence 
thatt there is a strong tautological relationship between retirement and self-reported 
health.. Her suggestion is to use (subjective) pre-retirement health measures to pro-
videe a better idea of the effect of poor health on retirement, until more objective 
healthh data come available. 

Mostt studies above suggest that the role of economic factors for retirement de-
cisionss is underestimated when subjective health measures are used. Anderson and 
Burkhauserr (1985) note that with self-reported health, wages seem to affect retire-
mentt only through the health measure. They argue that the estimated effects of 
subjectivee health are too large in general if individuals are socially conditioned to 
reportt health as a justification for retirement. Kerkhofs and Lindeboom (1995) 
confirmm that this justification, as assessed by a measure of misreport, is particularly 
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largee and systematic among Dutch respondents in the CERRA survey receiving dis-
abilityy benefits. Bound (1991) argues that financial incentives to identify oneself as 
disabledd are stronger for individuals for whom the relative rewards from continued 
workk are lower. This already biases the effect of economic variables, regardless of 
thee measurement of health itself. Rationalisation of retirement behaviour leads to 
ann overestimation of the subjective health effect, while non-comparability of these 
subjectivee judgements across respondents can be interpreted as measurement error, 
whichh leads to an underestimation of subjective health effects. But Bound also ar-
guess that objective health measures are poorly correlated with work capacity. The 
mainn reasons for death appear shortly before death, and mortality rates therefore 
hardlyy correlate with health limitations that may influence labour supply decisions. 
Hiss conclusion is that neither objective nor subjective measures of health are perfect 
explanatoryy factors for retirement behaviour, but suggests to use indicators that are 
closee to true working abilities. Anderson and Burkhauser (1985) suggest to use an 
healthh index created from information on several observable physical and mental 
problems,, but at the same time indicate that even this measure is not independent 
fromm labour market status when investments in health and labour market decisions 
aree jointly determined. 

EndogeneityEndogeneity of health and labour force status 

Andersonn and Burkhauser (1984) find that the impact of economic variables on the 
labourr participation of elderly men is significant when an objective measure of health 
iss used, but vanishes when a self-reported (subjective) health measure is included in 
thee analysis. From this they conclude that a more theoretically appropriate model 
shouldd allow work and health to be jointly determined rather than assume health 
too be exogenous to the work decision. Ten years earlier, a similar conclusion was 
drawnn by Scheffler and Iden (1974), who found strong interactions between health 
statuss and education1. They recommend to use a labour supply model in which 
healthh is an endogenous variable. 

Grossmann (1972) has introduced the idea that health levels can to a certain 
degreee be influenced by individuals through investments that produce an output of 
healthh capital. Individuals inherit an initial stock of durable capital called health, 
thatt depreciates with age. He states that more educated people are more efficient 
producerss of health, and since these people are more efficient producers of labour 
ass well, there is clearly a source of endogeneity between health status and labour 
supply.. Sickles and Taubman (1986) use this idea to estimate a model of self-
assessedd health and retirement, both of which are categorical dependent variables 
off  which the residuals are allowed to be correlated. The health stock is endogenously 

J o h n s onn (1977) points out that Scheffler and Iden (1974) use a disability measure for health 
thatt also indicates labour supply, and as such, the relationship between health and retirement is 
purelyy tautological. 
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determinedd by education and the ability to pay for health services, for which wages, 
assets,, pensions and Social Security benefits are included. The estimation results 
enablee them to analyse the degree to which the endogenously determined health 
statuss affects the probability of retirement. They find that retirement decisions 
aree strongly affected by health, and that after controlling for heterogeneity, there 
iss still a significant correlation between the equations for health and retirement 
status.. Stern (1989) estimates the effect of disability on labour force participation 
inn a simultaneous equations model, and finds that bias due to potential endogeneity 
iss small. The discussion about the endogenous determination of health and labour 
supplyy was temporary concluded by Bound (1991), who studies four sources of bias 
thatt result from using subjective health measures: (1) subjective health judgements 
aree not comparable accross respondents, which is a case of measurement error that 
leadss to an under-estimation of the health effect, (2) when retirement behaviour 
iss rationalised, the health effect is tautological and its magnitude therefore over-
estimated,, (3) if there are financial incentives to identify oneself as disabled, for 
examplee from benefit eligibility rules, there is an endogenous relationship between 
incomee and health, which leads to an over-estimation of the health effect, and (4) if 
thee health status is not independent from labour market outcomes, this endogeneity 
leadss to an over-estimation of the health effect. 

TheThe state-of-the-art in measuring the health effect 

Althoughh the discussion on subjective versus objective health measures, and the 
endogeneityy of health and labour market status has given clear insight in the ad-
vantagess and disadvantages of several measures of health, and in the direction and 
boundss of biases in estimated health effects, there is still no "best practice" for mea-
suringg the impact of health on retirement decisions. Bound, Schoenbaum, Stine-
bricknerr and Waidmann (1999) attempt to improve this situation by recognising 
thee dynamic relationship between health and retirement. They employ longitudinal 
data,, allow for interrelation between health, labour supply and the valuation of 
leisuree time, and take account of health shocks. They focus on measures of limi-
tationss in physical functioning. These measures assess respondents' difficulties in 
performingg 17 activities of daily living (ADLs) and instrumental activities of daily 
livingg (IADLs). Compared to traditional health measures, these variables contain 
lesss measurement error, are powerful predictors of self-assessed general health and 
are,, more plausibly, exogenous to the labour market status of individuals. They 
findd that poor health induces many elderly workers to withdraw from the labour 
force,, but that the earlier a health shock occurs, the less likely it leads to labour 
forcee exit. Dwyer and Mitchell (1998) use similar health indicators and find no 
endogeneityy of self-rated health and labour supply, and no correlation between self-
ratedd health and income. A fixed effect panel data health model that allows for 
endogeneityy between labour market behaviour and health, is estimated by Kerkhofs 
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andd Lindeboom (1997). They find that it is important to correct for the endoge-
nouss interrelation of health and labour market behaviour, and that panel data are 
requiredd to disentangle cohort effects from pure age effects. Their study is used in 
sectionn 6.2 to build a health model that produces dynamic health values for the 
retirementt model in section 6.3. 

6.1.22 Data on Health and Retirement 

Too see what kind of health measures can be used in the analysis of retirement 
behaviour,, a selection of health variables that are available in the CERRA survey 
iss presented here. It provides a general idea about the health condition of elderly 
workerss in the Netherlands, the suitability of health measures for further analysis, 
andd the differences in health levels between people of different ages and in different 
labourr market states. A distinction is made between subjective measures of health, 
objectivee measures of health, and work related measures of health. 

SubjectiveSubjective health measures 

Subjectivee health measures are assessed and provided by respondents. Therefore, 
thesee measures are not well suited for comparison between individuals. They may 
alsoo be correlated with labour supply decisions, when reported health problems are 
usedd as socially acceptable excuse for not working. The two most general subjective 
healthh measures in the CERRA data are questions about health in general and health 
comparedd to others of the same age. Table 6.1 shows percentages of respondents 
thatt report bad health, distinguished by labour market state2. It is clear from 
thee table that disabled people in particular report bad health conditions. Workers 
andd early retirees seem to be in good health. Remarkable is that respondents are 
pessimisticc about their health when they compare it to other people of the same age. 
Thiss could be explained by a lack of information about the exact health condition 
off  others. Developments in subjective health assessments by age are illustrated in 
figurefigure 6.1. There is only a small increase in the percentage of respondents in bad 
healthh between ages 44 and 64, with the sharpest increase around age 50. Due to 
naturall  selection, the increase in bad health declines after age 60, and 'survivors' 
aree more optimistic about their health if they compare it to other people of the 
samee age. 

Thee 1995 CERRA survey contains a question regarding the self-assessed life ex-
pectancyy and whether it is higher or lower than that of other people of the same 
age.. Hardly any variation is found by age or labour market status. The average 
lif ee expectancy in the sample is 76.5 years, with a lowest average value of 75.3 at 

22 Bad health is identified as the answers "Sometimes good and sometimes bad" and "Bad" to 
thee question "How is your health in general?", and "Worse" or "Much worse" to the question 
"Howw is your health compared to other people of your age?" 
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Tablee 6.1: Percentages of Respondents that Report Bad Health 

LabourLabour Market S ta tus 

Employees s 
Self-employed d 
Earlyy Retired 
Disabled d 
Unemployed d 

Al l l 

InIn General 

1993 1993 

5.1 1 
8.7 7 
4.0 0 

37.4 4 
12.1 1 

11.2 2 

1995 1995 

4.1 1 
2.8 8 
5.0 0 

38.3 3 

11.7 7 
10.3 3 

Compart Compart 

1993 1993 

7.5 5 

10.1 1 
7.0 0 

51.3 3 
16.7 7 

15.4 4 

dd to Others 

1995 1995 

6.8 8 
5.4 4 
8.3 3 

53.3 3 
16.1 1 

15.1 1 

agee 45, and a highest average value of 77.5 years for the unemployed. Hardly more 
informativee is the comparison to other people of the same age. Disabled individuals 
aree a littl e more pessimistic and early retirees a littl e more optimistic about their 
lif ee expectancy than workers or the unemployed. Interesting is that more respon-
dentss expect to live longer than others of the same age than shorter, even though 
respondentss on average find their health condition worse than that of others. This 
cann be understood if respondents include 'non-survivors' in their comparative as-
sessmentt of lif e expectancies. It makes this measure unsuited for the assessment of 
healthh that determines labour market decisions. 

oo i 1 1 1 1 ' 1 ' ' ' ' '  ' 
422 44 46 48 50 52 54 56 58 60 62 64 66 

AGE E 

Figuree 6.1: Bad Health by Age in the 1993 CERRA Data 
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ObjectiveObjective health measures 

Evenn though all survey information is obtained directly from respondents, some in-
formationn may still be considered objective. An example is straightforward statisti-
call  information like the number of doctor visits or the number of cigarettes smoked. 
Thee CERRA data contains information about the number of visits to a family doctor, 
specialist,, hospital, physiotherapist and psychotherapist in the 12 months previous 
too the survey. Figure 6.2 shows average numbers of visits by labour market state. 
Thee figure shows that disabled people make much more use of medical services than 
others,, while self-employed workers make the least use of medical provisions. Indices 
off  the number of visits by age are shown in figure 6.33. Most medical needs increase 
overr age. The number of visits to a specialist doubles between ages 44 and 64, and 
too a family doctor increases by 50 percent. The figure suggests that physiotherapy 
iss more and more replaced by hospital visits, although fluctuations between ages 
444 and 64 are small. The only medical provision that shows a significant reduction 
inn use when individuals become older is psychotherapy, with only half the visits at 
agee 64 of those at age 44. 

Figuree 6.2: Average Number of Medical Services Obtained by Respondents 

Otherr objective indicators for individual health are statistics on smoking, drink-
ingg and exercising, which are only available in the 1995 survey. These statistics 
indicatee (dis)investments in individual stocks of health. Figure 6.4 shows relative 

3Indicess are averaged over three subsequent ages and set equal to 1 for age 44. The visits took 
placee in a 12 months period previous to the CERRA survey in 1993. 
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propensitiess to smoke, drink and exercise, distinguished by labour market state. In 
1995,, 8.7 percent of all respondents smoked, but this percentage is more than twice 
ass high for self-employed individuals, and only half that value for employees and 
unemployedd individuals. Disabled individuals smoked more than average. 

S p e c i a l i s t t 

F a m i l yy d o c t o r 

H o s p i t a l l 

P h y s i o t h e r a p i s t t 

P s y c h o t h e r a p i s t t 

4 22 4 4 4 6 48 50 52 5 4 56 58 6 0 62 6 4 66 

AGE E 

Figuree 6.3: Index of the Number of Medical Services by Age (Age 44 = 1) 

a a 
B B 
Q Q 

s s 
3 3 

Employees s 
Self—— employed 
Earlyy retired 
Disabled d 
Unemployed d 

Smoking g Drinking g Exercising g 

Figuree 6.4: Relative Propensity to Smoke, Drink and Exercise 
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Thee number of respondents drinking alcohol is a lot higher than for smoking, 
withh a sample average of 84 percent. Employees and early retirees drink the most, 
disabledd individuals the least. Regular exercise is performed by 45 percent of all 
respondents,, with a slightly higher percentage for early retirees and a considerable 
lowerr percentage for disabled individuals. The question can be raised whether this 
iss a reason for, or a consequence of disability. Measures on smoking, drinking and 
exercisingg may help to explain or indicate health conditions, but they are too specific 
too represent health conditions that affects labour market decisions. 

SubjectivelySubjectively assessed objective health measures 

Ass suggested by Anderson and Burkhauser (1985), health indices created from in-
formationn on several observable physical and mental problems may overcome draw-
backss of straightforward subjective and objective health measures. Two of such 
healthh indices can be constructed from the CERRA data. One is based on a list of 
100 questions concerning a variety of daily activities, for which respondents must 
indicatee whether they have structural difficulties with them. The other is produced 
fromm answers to 57 questions concerning physical and mental symptoms, known as 
thee Hopkins Symptom Checklist (HSCL). A HSCL score is constructed by adding 
thee values of all answers, which vary from 0 (respondent does not suffer from a 
symptomm at all) to 3 (respondent suffers very much from a symptom). The total 
scoree thus varies between 0 (healthy) to 171 (very unhealthy). The HSCL measure 
iss well known for its internal consistency and stability, its high correlation with clin-
icall  judgements, its discriminating power between patients and non-patients, and 
itss ability to determine changes in true health conditions as a result of treatment, 
seee Luteijn, Hamel, Bouwman and Kok (1981). Figure 6.5 shows the distribution 
off  HSCL scores by labour market state. Working individuals have the lowest scores 
andd are therefore the healthiest individuals in the sample, followed by early retired, 
unemployedd and disabled individuals. The differences between labour market states 
aree evident, just like the increase in scores between 1993 and 1995 as a result of 
ageing.. The HSCL scores of unemployed individuals seem to decrease, but this can 
bee explained by a selective reduction of the number of unemployed respondents. 
Sectionn 6.2 provides an extensive illustration of HSCL scores and their variation 
withh age. 

HealthHealth and employment 

Thee CERRA survey contains questions that relate health conditions to the employ-
mentt situation. For instance, workers have been asked whether they (occasionally) 
stayy home from work because of health problems and whether they see their health 
conditionn as a reason for early retirement. Figure 6.6 shows that the percentage of 
peoplee who stay home for health reasons increases with age, but that the percentage 
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off  people that report health as a reason for expected early retirement declines with 
age.. Staying home from work may serve as a good indicator for the age related 
healthh situation that affects labour supply. At the same t ime, the indicator for 
healthh as a reason for expected early retirement suffers from selection bias, since 
earlyy retirement for health reasons directly affects the sample composit ion. 

--
DD 1993 
BB 1995 

--

--

--

= = 

--

-^~ -^~ 

--

--

Employeess Self-employed Early retired Disabled Unemployed 

Figuree 6.5: Score on Hopkins Symptom Checklist by Labour Market State 

(Occassionally)) staying home for health reasons 
Healthh as a reason for expected early retirement 

422 44 46 48 50 52 54 56 58 60 62 64 66 

Figuree 6.6: Work Absence and Expected Early Retirement for Health Reasons 
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Thee availability of panel data allows for testing whether health and retirement 
planss can predict future labour market decisions. Table 6.2 shows labour market 
statess of individuals in 1995 who were employed in 1993. Workers who report 
healthh problems in 1993 retire sooner, but not exclusively through the disability 
programme.. Reported health problems seem to be an indicator for preferences for 
retirementt in general. But relatively more people who explicitly give health as a 
reasonn for early retirement, retire through disability programmes. As a consequence, 
thesee people make less use of unemployment programmes. 

Tablee 6.2: Health, Expected and Actual Retirement (percentages of respondents) 

LabourLabour Market 
StateState in 1995 
Employees s 
Self-employed d 
Earlyy Retired 
Disabled d 
Unemployed d 
Al l l 

'Employee'Employee stays 
healthhealth reasons 

Occasionally Occasionally 
55.4 4 
0.0 0 

23.8 8 
11.5 5 
9.2 2 

100.0 0 

homehome for 
inin 1993' 

Never Never 
79.8 8 

1.1 1 
14.8 8 
1.2 2 
3.1 1 

100.0 0 

'Reasonn for expected early 
retirement retirement 

Health Health 
77.1 1 
0.0 0 

15.6 6 
5.4 4 
2.0 0 

100.0 0 

in in 1993' 1993' 
Other Other 
77.9 9 
1.2 2 

15.5 5 
1.6 6 
3.8 8 

100.0 0 

AA similar exercise is performed for respondents who report difficulties in per-
formingg their job because of health limitations. Figure 6.7 shows percentages of 
respondentss in the 1995 CERRA survey by labour market state, who in 1993 had 
somee difficulties, many difficulties or for whom performing their job had become 
impossible.. Health conditions that limi t the performance of labour are, already 
afterr two years, reasonable indicators for the probability of retirement, especially 
throughh the disability programme. The same conclusion can be drawn from table 
6.3,, which shows labour market states in 1995 of employees, distinguished by the 
levell  of health limitations in 1993. 

Thee percentage of respondents for whom health problems cause no difficulties 
inn performing their job steadily declines over age, from an average of 83 percent 
att age 44 to 50 percent at age 64. People that report difficulties generally have 
difficultiess in other jobs as well (73 percent). To see whether working conditions 
aree a reason for health problems, respondents have been asked about the cause of 
theirr health condition. More than 46 percent of all respondents report a reason 
thatt is independent from work. Only 10.3 percent of all respondents who report 
difficultiess performing labour in 1993, felt that their employer took their health 
conditionn seriously. In general, health conditions are regarded as one of the most 
importantt reasons for job exit and early retirement. Table 6.4 gives percentages of 
respondentss who give an affirmative answer to questions whether health conditions 
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nn Working has become impossible in 1993 
E22 Working has become very difficult in 1993 
SS Working has become difficult in 1993 

Employeess Self-employed Early retired Disabled 

LABOURR MARKET SITUATION IN 1995 

Unemployed d 

Figuree 6.7: Difficulties in Performing Job Because of Health Limitat ions 

aree one of several reasons, or the most important reason, for previous job exit or 
ret i rement.. I t is remarkable that 5.8 percent of all disabled respondents do not 
reportt health as a major reason for early retirement, and that for 21.5 percent of all 
disabledd respondents, health is not the most important reason for ret irement. This 
suggestss that disability programmes are also used as unemployment or retirement 
programme.. On the other hand, 12.5 percent of all unemployed respondents indi-
catee that their health condition is the most important reason for ret irement, which 
suggestss that access to disability programmes is not unlimited. Based on the health 
discussionn in the l i terature and the present overview of available health measures 

Tablee 6.3: Health Limitations and Retirement (percentage of respondents) 

LabourLabour Market 
StateState in 1995 
Employees s 
Self-employed d 
Earlyy Retired 
Disabled d 
Unemployed d 

JVone e 
79.8 8 
1.2 2 

15.1 1 
0.8 8 
3.1 1 

HealthHealth limitation in 1993 
Some Some 

76.3 3 
0.0 0 

14.7 7 
4.5 5 
4.5 5 

Large e 
61.4 4 
0.0 0 

21.4 4 
12.9 9 
4.3 3 

Complete Complete 
41.2 2 
0.0 0 

26.5 5 
17.6 6 
14.7 7 

Al l l 100.0 0 100.0 0 100.0 0 100.0 0 
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inn the CERRA data, the next section develops a model that enables the estimation 
off  health profiles over age. These profiles meet some the objections that are raised 
againstt health measures in previous retirement models. 

Tablee 6.4: Health Condition as Reason for Job Exit (percentage of respondents) 

LabourLabour Market State 
Employees s 
Self-employed d 
Earlyy Retired 
Disabled d 
Unemployed d 
Al l l 

One One ofof several reasons 
9.1 1 
7.7 7 

21.5 5 
94.2 2 
17.7 7 
38.9 9 

MostMost important reason 
5.5 5 
7.7 7 

11.0 0 
78.5 5 
12.5 5 
29.4 4 

6.22 Lif e Cycle Health Dynamics 

Fromm the discussion in section 6.1, it can be concluded that a measure of health is 
neededd that (1) is a reliable reflection of the health condition that truly influences 
labourr supply decisions, and (2) can sufficiently be corrected for endogeneity to the 
labourr market state. In addition, since the retirement analysis is performed in a 
lif ee cycle context, the health measure must preferably be dynamic and available 
forr all (retirement) ages. All work related and subjective health measures available 
inn the CERRA data may suffer from reporting errors that depend on the labour 
markett state of individuals. As a consequence, these measures are hard to correct 
forr endogeneity. Objective variables, like the number of doctor visits, may on the 
otherr hand not reflect health conditions that determine individual labour supply 
decisions.. In contrast, the HSCL score is known to have an excellent rate of internal 
consistency,, which means that scores are highly correlated with objective medical 
reportss on patients' true health conditions. Also, the HSCL score is consistent across 
respondents.. Compared to subjective or work related health measures, it suffers less 
fromm reporting errors that depend on labour market state. Still, the HSCL score may 
nott perfectly reflect health conditions that determine labour supply decisions, but 
ass a well balanced and validated health indicator, it performs better than objective 
measures.. Another advantage is that it is a continuous variable that enables the 
measurementt of (small) changes in health. Therefore, the HSCL score is well suited 
too reflect health dynamics over age and can consequently be used for a life cycle 
analysiss of retirement behaviour. 

Thee purpose of the present section is to produce individual health profiles over 
agee for the dynamic retirement model of section 6.3. First, HSCL scores of respon-



172 2 ChapterChapter 6. Retirement and Health 

dentss in the CERRA data are analysed to establish an appropriate model for health 
condit ions.. Next, this model is presented and estimated. The results are used to 
producee est imated health levels that depend on age and labour market state. 

6.2.11 A Model for Age Related Health Dynamics 

Healthh conditions vary considerably between individuals over t ime. Health is largely 
uncertainn and dynamic. Unforeseen events have sudden impacts on health. People 
cann be involved in accidents or may experience health shocks due to the onset of 
aa (chronic) disease. A model for the assessment of health conditions must take 
thiss into account. But health is not a purely probabilistic event. It can part ly be 
explainedd by individual characteristics. Grossman (1972) shows that people may 
increasee their durable stock of health by investments, which produce an output of 
healthyy t ime. Information on the amount of investments in health is not available 
inn most da ta sets like the CERRA survey, although there is some information on 
smoking,, drinking and exercising. However, the propensity to invest can be related 
too observables like gender, education, marital s tatus and labour market state. 

Thee functional form of the relationship between health and observables that rep-
resentt individual investments in health, needs to be established empirically. Figure 
6.88 shows the distr ibution of HSCL scores in the CERRA data for 1993 and 19954. 
Mostt observations are found at high levels of health (low HSCL scores), and the 
numberr of observations decreases approximately log-linearly with decreasing health 
levelss (increasing HSCL scores). This suggests a log-linear model for health as rep-
resentedd by the HSCL score. Following Kerkhofs and Lindeboom (1997) and using 
thee panel da ta character of the CERRA survey, with N individuals (i = 1, ..., N) 
observedd for T periods of t ime (t = 1, ..., T), a health model is specified as 

\nhit=X'\nhit=X'ititf3f3 + ai + eit (6.1) 

wheree ha is the HSCL score for individual i at t ime t plus one, to allow for HSCL 
scoress of zero, Xu is a vector of explanatory variables, j3 its associated parameter 
vector,, and en an independent and identically distr ibuted error term that represents 
unforeseenn health shocks which are independent of variables in Xu. The term at is 
ann unobserved individual t ime constant effect that exhibits elements of the initial 
stockk of health and decisions made in the course of lif e concerning labour market 
s ta tuss and health. The term a» may therefore be correlated with the labour market 
variabless in Xu. Since the sample is taken from an ongoing process, initial condition 
problemss may arise when a, is not orthogonal to the regressors in Xu. Since the 
mainn objective of this health model is the calculation of unbiased health profiles, 

4 I nn order to smooth the graph for lack of data on some of the values, the scores are divided in 
classess with length 3, which means that the number of observations are shown for HSCL scores 0 
too 1, 2 to 4, and so on. 
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thee individual effects a; are simply treated as unknown fixed effects. Effectively 
thiss means that the model is estimated conditional on the values of the individual 
effects,, which are calculated along with the other parameters of the model. This 
approachh requires no assumptions on the dependence structure of the regressors 
onn the right hand side of equation (6.1) and ai. To reduce the dimensionality of 
thee health level equation with individual specific constants, the first difference of 
equationn (6.1) is taken as 

AA In hit = AX'itP + Acti + Aeit 

==  A V > + e,-t (6.2) 

wheree A is the first difference operator, i.e. Alnh» = \nhit - ln/ i , | t_i. The vector 
AVuAVu contains first differences of all non-constant variables in Xit, to is its associated 
parameterr vector, and e,-*  a vector of randomly but independent and identically 
distributedd error terms. Consistent estimation of the parameters of interest does 
nott require specification of the dependency between Xit and a;. Simple Ordinary 
Leastt Squares estimates of (6.2) yield consistent estimates of u>. The hypothesis 
iss however that health is adequately described by equation (6.1), which means 
thatt health levels are only affected through time constant unobservables. As a 
consequence,, the remaining stochastic variation in equation (6.2), denoted by en, is 
independentt of Vu-

Figuree 6.8: Distribution of HSCL scores in the CERRA data 

Takingg first differences is convenient given the model assumptions, but it has the 
consequencee that along with a,, all time constant variables cancel from equation 



174 4 ChapterChapter 6. Retirement and Health 

(6.1).. This means that estimation of equation (6.2) alone does not allow for the 
assessmentt of the effects of for instance gender, birth cohort and education on the 
observedd level of health. That requires a second step in the estimation of health 
levels,, which is presented below. 

Beforee the model is implemented, the data available for estimation is reviewed. 
Tablee 6.5 and table 6.6 give overviews of means, standard errors, and percentages 
off  selected variables from the CERRA data. A sample is constructed by selecting all 
respondentss who are present in both the 1993 and 1995 survey, who have nonneg-
ativee HSCL scores, and have no missing information on labour market state, age, 
labourr experience and the amount of smoking, drinking and exercising. This results 
inn a sample of 1998 observations of individuals at two different moments in time. 
Respondentss are on average 55 years of age in 1993. The average respondent is born 
inn 1938, but table 6.6 shows that the majority is born between 1926 and 1935, and 
onlyy a few during the Second World War. This is the result of sample stratification 
(moree people aged 52 and older have been interviewed) and low fertility during the 
Secondd World War. 

Tablee 6.5: Means and Standard Errors of Selected Variables 

Va.ria.ble Va.ria.ble 

HSCLL Score 
Age e 
Yearr of Bir th 
Experiencee in Years s 
Percentagee of Lif e Employed 

NumberNumber of Observations 

mean n 

14.18 8 
55.11 1 
37.89 9 
31.52 2 
57.12 2 

1993 1993 

std.std. error 

17.59 9 
5.71 1 
5.71 1 

10.17 7 
17.05 5 

1998 8 

mean n 

15.12 2 
57.11 1 
37.89 9 
32.64 4 
57.19 9 

1995 1995 

std.std. error 

16.81 1 
5.71 1 
5.71 1 

10.36 6 
17.12 2 

1998 8 

Althoughh people are re-interviewed after 2 years, the average labour market 
experiencee increases by only 1.1 year, due to retirement of some of the respondents. 
Ann increase in the average value between 1993 and 1995 of the percentage of life that 
individualss have worked, indicates that the majority of respondents still increases 
theirr labour market experience in this period by continued employment. However, 
thee percentage of employed people (employees and self-employed) decreases from 
61.44 percent to 49.9 percent. Most of this change is caused by early retirement, 
withh only a few entrances into disability and unemployment programmes. The 
modestt decline in the percentage of disabled individuals between 1993 and 1995, can 
bee attributed to transitions into private pension programmes and reporting errors 
concerningg the exact labour market state, which are ignored in the analysis below. 
Labourr market experience and the percentage of life employed are both indicators 
forr the effort that has been put in labour, which may affect health conditions later in 

http://Va.ria.ble
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life.. Effects on health may also be expected from smoking, drinking and exercising. 
Dataa for these aspects are available in the 1995 survey only. Almost 17 percent of 
thee sampled respondents are heavy drinkers (more than 3 glasses of alcohol every 
day).. Less than 5 percent smokes. Exercising seems not to be a common activity 
forr elderly people, since the majority of respondents spends less than one hour 
exercisingg each week. 

Tablee 6.6: Characteristics of Individuals (sample percentages) 

Va.ria.bles Va.ria.bles 
Labourr Market Status 

Employees s 
Self-employed d 
Earlyy Retired 
Disabled d 
Unemployed d 

Smokingg (> 1 sigarette per day) 
Drinkingg (> 4 glasses per day) 
Exercisingg (> 1 hour per week) 
Supervisionn over other employees 

1993 1993 

54.2 2 
7.2 2 

13.1 1 
15.9 9 
9.6 6 

n.a. . 
n.a. . 
n.a.. n.a.. 
44.1 1 

JJ 995 

42.9 9 
7.0 0 

24.3 3 
15.7 7 
10.2 2 
4.5 5 

16.8 8 
43.1 1 
43.2 2 

Constants Constants 
Education n 

Nonee 2.5 
Primaryy General 16.3 
Primaryy Vocational 19.9 
Secondaryy General 13.1 
Secondaryy Vocational 16.0 
Higherr General 5.7 
Higherr Vocational 19.7 
Academicc 6.9 

Birthh Cohort 
19266 - '35 39.1 
19366 - '40 34.0 
19411 - '45 11.3 
19466 - '55 15.6 

NumberNumber of Observa-tions 

Female e 
Livingg with Partner 
Migrant t 
Sectorr Type 

Agriculturee and Fishing 
Mining g 
Heavyy Industries 
Lightt Industries 
Utilit yy Companies 
Construction n 
Catering g 
Transport t 
Financiall  Services 
Otherr Services 

16.7 7 
73.3 3 
5.4 4 

10.7 7 
0.2 2 
9.1 1 
8.9 9 
1.6 6 
8.7 7 

13.5 5 
5.5 5 
9.2 2 

32.7 7 
1998 8 

ii.a.. — variable not avaiiabJe 

AA typical factor that may reflect the propensity of individuals to invest in health 
iss the level of education. Higher educated people are expected to invest more in 
healthh as a result of more education and income. All educational levels are well 
representedd in the sample. Women are under-represented as the sample only con-

http://Va.ria.bles
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tainss heads of household. By definition these are household members with the 
highestt income level, which in 83.3 percent of all cases are men. Individuals living 
withh a partner (married or cohabiting) may have different health conditions than 
thosee who are not. This can be the result of care provided by partners, or due 
too characteristics that are typical for people who also have relatively high partner 
probabilities.. The same may be true for migrants, who in addition have different 
backgroundss of inherited health. Finally, working conditions like sector type, com-
panyy size, public sector and the amount of supervision over other employees, may 
alsoo influence health conditions. Table 6.6 reports percentages for sector type and 
supervision,, as these factors play a role later in the analysis. 

Tablee 6.7: Average HSCL Scores by Age, Labour Market State and Year 

Labourr Market State 4040 to 50 5151 to 55 
Age Age 

5656 to 60 6161 to 70 All All 

1993 1993 

Employees s 
Self-employed d 
Earlyy Retired 
Disabled d 
Unemployed d 

Al l l 

10.32 2 
8.68 8 

33.35 5 
25.32 2 

11.78 8 

11.97 7 

10.93 3 
11.75 5 
32.36 6 
24.38 8 

15.64 4 

11.17 7 
12.76 6 
9.00 0 

26.42 2 
17.09 9 

15.31 1 

7.70 0 
13.12 2 
9.33 3 

24.14 4 
15.29 9 

13.22 2 

10.98 8 
11.20 0 
9.28 8 

27.48 8 
19.16 6 

14.18 8 

1995 1995 

Employees s 

Self-employed d 
Earlyy Retired 
Disabled d 
Unemployed d 

Al l l 

10.17 7 

9.42 2 
7.00 0 

29.93 3 
24.94 4 

11.63 3 

12.23 3 
13.94 4 
10.33 3 

40.91 1 
26.96 6 

16.62 2 

11.31 1 
10.92 2 
11.85 5 

28.35 5 
19.06 6 

15.42 2 

10.35 5 
12.87 7 
13.17 7 
26.56 6 

14.40 0 

15.99 9 

11.09 9 

11.73 3 
12.74 4 
28.94 4 

18.75 5 

15.12 2 

Too obtain better insight in the distribution of health levels, table 6.7 presents 
averagee HSCL scores by age, labour market state and year. The table shows a large 
variancee in HSCL scores between individuals, resulting in very different averages 
overr subgroups in the total sample. The health condition appears to be the worst 
forr people aged 51 to 55, which may be a birth cohort effect. In general, disabled 
individualss have by far the highest HSCL scores and (self-)employed individuals 
thee lowest. The table illustrates that an appropriate health model must distinguish 
betweenn age and birth cohort effects, and that it should account for stochastic 
variationn in health levels between individuals at different moments in time. 
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6.2.22 Model Implementation and Results 

Estimatess for the panel data model parameters for health are obtained using a two 
stagee estimation procedure that treats individual fixed effects as unknown (nui-
sance)) parameters. Individual fixed effects are incorporated to account for possible 
simultaneityy between individual labour market histories and health. In the first 
stage,stage, the nuisance parameters are eliminated by taking first differences from equa-
tionn (6.1). The result is estimated by Ordinary Least Squares. Since apart from 
individuall  effects, all time constant variables in Xit cancel out, the first stage esti-
matess are used in a second stage to calculate individual fixed effects from 

didi = \nhi-VlCj (6.3) 

wheree hi and V{ are the average values over 1993 and 1995. See for instance Hsiao 
(1986).. Next, these computed fixed effects are regressed on a vector of time constant 
variabless Z, that are excluded in the first stage: 

aaii = Z'i6 + vi (6.4) 

wheree the vector Z, includes time constant variables like gender, birth cohort and 
education.. Ordinary Least Squares provide unbiased and consistent estimates for 
thee parameters in <5, but with incorrect error terms. Since equation (6.3) is used to 
calculatee d,- instead of the correct specification given by 

ototii = \Tihi-ViU-€i (6.5) 

thee error term of the second stage regression satisfies 

ViVi =  Ui + Vl{ut-Cj) + u (6.6) 

withh f» Lui. The error term i/, represents three sources of uncertainty that enter 
thee second stage regression. These are the unexplained part ut- of the true model 
o,-- = Z[b + Ui, and two terms that follow from the difference between a; and its 
estimatee that is obtained from equation (6.3). Defining w = e + u, it follows that 

COV(V)COV(V) = <T11N + VCOV(U)V' (6.7) 

wheree I;v is the identity matrix with rank equal to the number of observations N. 
Followingg Kerkhofs and Lindeboom (1997), a consistent estimate of er̂  is 

99 w'w - tTace(V'MzVCov(Üj)) .. D, 
(T(T = — — (O .o) 

N-Kz N-Kz 
wheree w = a - Z6, Mz = Ijv — Z(Z'Z)~XZ' and I<z is the rank of the matrix 
Z.Z. Equations (6.7) and (6.8) are used to obtain an expression for the variance-
covariancee matrix 

Cov(<5)) = {Z'ZylZ'Cov(u)Z(Z'Z)-1 (6.9) 
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fromm which the correct standard errors for 6 are derived. 
Thee result of the two stage estimation procedure with corrected standard errors 

iss reported in table 6.8 (Two Stage OLS), along with the result from an Ordinary 
Leastt Squares estimation of equation (6.1) (OLS), in which the individual fixed 
effectss c*i are assumed to be equal to zero. With both age and year of birth included 
inn the analysis, no constant can be identified for the OLS estimation. As a result, the 
agee effect is much stronger than in the Two Stage OLS procedure. Both procedures 
showw a decline in HSCL scores at early ages, followed by an increase. For the OLS 
procedure,, the minimum HSCL score is found at age 48, while the Two Stage OLS 
proceduree estimates the minimum score at age 30. The latter seems to provide a 
moree consistent health profile for the age bracket under consideration (44 to 64). 
Bothh procedures show that females and individuals living with a partner experience 
slowerr increases in HSCL scores. This either suggests that partners are good for 
one'ss health, or that healthy people find partners easier. 

Thee most important differences between the two estimation procedures, which 
illustratee the significance of the individual effects a; and their correlation with 
individuall  characteristics in Xu, ave found for labour market states. According to 
thee Two Stage OLS results, there is a slight decrease in HSCL scores once individuals 
becomee self-employed or early retired, a slight increase when becoming disabled, and 
aa large decrease when entering unemployment. The results in the OLS procedure, 
wheree individual effects are ignored, are rather different. Becoming self-employed 
wouldd decrease the HSCL score much stronger, early retirement and unemployment 
wouldd lead to an increase in HSCL scores instead of a decrease, and disability would 
boostt HSCL scores to high levels. Apparently, labour market states are correlated 
withh individuals effects, which explain a large part of the variation in health levels. 
Workerss who become disabled or unemployed particularly seem to have individual 
characteristicss that cause HSCL scores to be high. Not controlling for these effects 
biasess the estimates for the influence of labour market states on health levels, which 
showss the need for a two stage estimation procedure. The lack of significance of all 
parameterss in the first stage of the Two Stage OLS procedure, shows the relative 
importancee of the stochastic component in the difference equation. This is confirmed 
byy the low corrected R? of 0.01. Nevertheless, the results are still applied in the 
remainderr of this chapter. 

Thee variables that are used in the second stage of the Two Stage OLS procedure 
showw much more similarity between the two estimation procedures. Higher educa-
tionn leads to lower HSCL scores and therefore better health conditions, consistent 
withh the idea that higher education and income levels enable better investments in 
health.. Health levels are also affected by sector type. Employees of utilit y compa-
niess and in the transport sector have better health conditions, all else being equal. 
Thee percentage of life that individuals have been employed has a positive effect on 
healthh levels. Working more may lead to higher health investments. The difference 
inn health levels between birth cohorts is significantly represented by a quadratic re-
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Tablee 6.8: Estimation Results for the Health Equation 

Va.ria.ble Va.ria.ble 

OLS OLS 
estimate estimate error error 

TwoTwo Stage 
estimate estimate 

OLS OLS 

error r 

(first(first stage) 

Age e 
Agee Squared 

Femalee x Age 

Livin gg with Par tner 
Labourr Market Sta te 

Self-employed d 

Ear lyy Ret ired 
Disabled d 

Unemployed d 
Labourr Market State Two Years Earlier 

Self-employed d 
Earlyy Ret i red 

Disabled d 
Unemployed d 

Cons tant t 
Educat ion n 

Pr imaryy Vocational 
Secondaryy General 
Secondaryy Vocational 

Higherr General 
Higherr Vocational 

Academic c 
Sectorr Type 

Util it yy Companies 
Transport t 

Noo Supervision 
Percentagee of Lif e Employed 

Yearr of B i r t h 
Yearr of Bir t h Squared 
Female e 
Migrant t 
Smokingg (> 1 cigarette per day) 
Drinkingg (> 4 glasses per day) 
Exercisingg (> 2 hours per week) 

Correctedd R* for In hu 
Correctedd R2 for A In hu 

Correctedd R2 for Qi 

*.-- significant at the 5 percent level; 

-0.373* * 

0.004' ' 
-0.020* * 

-0.148* * 

-0.216 6 
0.012 2 
0.401* * 
0.123 3 

0.152 2 

0.010 0 
0.536* * 
0.120 0 

-0.183* * 

-0.158* * 
-0.195* * 
-0.215* * 
-0.188* * 

-0.096 6 

-0.432* * 
-0.155* * 

0.065* * 
-0.349* * 

0.512* * 
-0.006* * 
1.304* * 
0.289* * 

-0.010 0 
0.042 2 

-0.041 1 

0.086 6 
0.001 1 

0.008 8 

0.048 8 

0.164 4 

0.078 8 
0.120 0 
0.096 6 

0.163 3 
0.086 6 

0.119 9 
0.100 0 

0.055 5 
0.062 2 

0.059 9 
0.083 3 
0.058 8 
0.081 1 

0.137 7 
0.075 5 

0.037 7 
0.129 9 
0.100 0 

0.001 1 
0.447 7 

0.076 6 
0.082 2 
0.046 6 
0.035 5 

0.14 0.14 

#.--

-0.108 8 

0.002* * 

-0.036 6 
-0.089 9 

-0.026 6 

-0.087 7 
0.011 1 

-0.326* * 

-0.273 3 
0.187 7 

0.399* * 
-0.136 6 

(secondd s 

-6.622 2 

-0.228* * 

-0.246* * 
-0.276* * 
-0.344* * 
-0.355* * 

-0.319* * 

-0.521* * 
-0.212* * 

0.091 1 
-0.991* * 

0.442 2 
-0.005 5 
2.292 2 
0.284* * 

0.015 5 
0.035 5 

-0.078 8 

0.110 0 
0.001 1 

0.030 0 
0.083 3 

0.176 6 

0.073 3 
0.130 0 
0.107 7 

0.281 1 

0.198 8 
0.209 9 
0.173 3 

ta.ge) ta.ge) 

14.890 0 

0.074 4 
0.086 6 
0.081 1 
0.119 9 

0.092 2 
0.134 4 

0.176 6 
0.097 7 
0.066 6 
0.276 6 

0.532 2 
0.004 4 

3.401 1 
0.099 9 

0.105 5 
0.062 2 
0.049 9 

0.01 0.01 

0.54 0.54 

significantsignificant at the 10 percent level 

http://Va.ria.ble
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lation.. Individuals who were born during the Second World War have significantly 
lowerr health levels (higher HSCL scores) than individuals who were born before or 
welll  after the war. The cohort which turns out to have the least favourable health 
condition,, was born in 1947, right after the war, when a baby boom took place 
whilee (medical) provisions were still limited. Females initially have lower health 
levelss than males (higher HSCL scores), but the decrease in female health levels 
overr age is lower, eventually explaining higher life expectancies for women. For 
migrants,, both estimation procedures find approximately the same negative effect 
onn health. Finally, the information on smoking, drinking and exercising does not 
explainn much of the differences in HSCL scores. Although the signs from the Two 
Stagee OLS procedure are plausible, with a negative effect on health levels from 
smokingg and drinking and a positive effect from exercising, the impacts are very 
smalll  and not significantly different from zero. It is concluded that individual health 
conditionss are mainly explained by unobserved individual effects, education, gender, 
birthh cohort, labour market state and age. 
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Figuree 6.9: Actual and Estimated Log HSCL Score Distributions 

Thee corrected R? value for the OLS estimation shows that 14 percent of all vari-
ationn in observed HSCL scores is explained by variation in the included explanatory 
variables.. Differences in HSCL scores between 1993 and 1995 are mainly explained 
byy error terms. The variance in the computed individual effects di is for 54 percent 
explainedd by variation in the included explanatory variables. To analyse the fit of 
thee health model, estimated HSCL scores from the two stage estimation procedure 
aree compared with observed scores. Figure 6.9 shows distributions of actual and 
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estimatedd log HSCL scores5. The small number of respondents with low HSCL 
scoress is evident. The estimates smooth out these fluctuations in observations and 
fitfit  the true distribution rather well. This distribution strongly resembles the log-
linearr distribution. The average actual and estimated log HSCL scores by age are 
graphedd in figure 6.10. Again, the fit  of the model proves to be rather well. 
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Figuree 6.10: Actual and Estimated Average Log HSCL Scores by Age 

Itt is interesting to see whether 1993 survey respondents who do not participate 
inn the 1995 survey, have significantly different health conditions from those who 
do.. The health equation in (6.1) is estimated on a larger sample of 1993 survey 
respondentss with an indicator for sample attrition in 1995. Variables like smoking, 
drinkingg and exercising are excluded from the equation as they are only available 
inn the 1995 survey. The parameter for the attrition indicator turns out to be 
insignificantlyy different from zero, which implies that the reason for individuals not 
too participate in the 1995 survey is not correlated with health. 

6.2.33 Est imation of Lif e Cycle Health Profiles 

Noww that the health model is estimated, health profiles can be calculated by age 
forr different labour market careers. These health profiles are meant as input in 
thee dynamic retirement model of section 6.3, to estimate the effect of health on 
retirementt behaviour. Since the dynamic programming model does not allow for 

55 The true distribution of log HSCL scores in the sample is approximated by the number of 
observationss in each of 30 equally sized categories between the log HSCL values 0 and 5.2. 
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unobservedd heterogeneity in health levels or retirement behaviour, the main purpose 
off  these health profiles must be to represent individual health levels as closely as 
possible.. There are a number of ways in which health profiles can be specified: 

FixedFixed effect equal to the observed sample average: 

hhltlt = exp ( v ^ + ( in*  - £ £ f = 1 K ^ ) ) (6-10) 

FixedFixed effect equal to the estimated fixed effect: 

ktkt = exp (v?tw + di) = exp {y(tQ + Z[b) (6.11) 

FixedFixed effect equal to the sample average of calculated fixed effects: 

hhitit = exp {V!tü +Ö) = exp (yltCo + £ £ f = 1 ^ ) (6.12) 

FixedFixed effect equal to the individually calculated fixed effect: 

huhu = exp(V£w + at) = exp (Vtfw + (in hi - K/w)) (6.13) 

FixedFixed effect equal to the calculated fixed effect in 1993: 

hhitit = exp (v;-;<2+ (\nhi{1993} - Vi'{1993}̂ )) (6.14) 

Twoo main issues determine the choice for the specification of individual health 
profiles.. The first issue is that estimated health profiles may be endogenous to labour 
markett decisions. The profiles in equations (6.10) to (6.14) suffer to an increasing 
extendd from endogeneity. Estimated health levels in equation (6.10) only vary by 
variabless from the difference equation and are therefore the least endogenous to 
individuall  labour histories. Equation (6.14) on the other hand produces estimates 
off  health levels such that the estimated value for 1993 is equal to the observed 
value.. This health level may be the result of simultaneous decisions about labour 
supplyy and investments in health, and therefore endogenously determined. The 
developmentt of health by age, as calculated by equation (6.14), is however exogenous 
too labour supply decisions in the past. 

Thee second issue is that actual health conditions are influenced by unobserved 
shockss that are independent of labour supply decisions. These shocks can lead 
too large differences in health conditions between individuals, which can not be 
explainedd by the explanatory factors in the health model, or by labour supply 
decisionss in the past. If these unobserved individual effects are of prime importance, 
thenn equation (6.14) most closely represents individual health levels and equation 
(6.10)) the least. 
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Ideally,, estimated health profiles must include individual fixed effects that are 
completelyy exogenous to labour market decisions in the past. Equation (6.11) is 
ann approximation of this situation if all labour related variables are left out of Z,. 
However,, this specification limits the variation in estimated health levels. Inclusion 
off  these health estimates in a model of retirement decisions, biases the absolute 
valuee of the estimated health parameter downwards as a result of measurement 
error.. The same problem applies to the specifications of health in equations (6.12) 
andd (6.13). The health measure in equation (6.14) offers the largest amount of 
heterogeneity,, which is important for the identification of health effects. It also 
iss the most accurate measure of health if unobserved individual fixed effects are 
considerablyy stronger than the influence of endogenous labour market decisions. As 
aa result, the health profile specifications that are used in the retirement model of 
sectionn 6.3 are equations (6.11) and (6.14). 

3 5 5 

3 0 0 

7 5 5 

2 0 0 

15 5 

10 0 

5 5 

--

--

--

--

--

—— — 1945 Cohort, Moles 
19555 Cohort, Moles 

 — 1935 Cohort, Males 

„-- ^_^ 
____^,, «*̂ -

__ — — — — " 
_ . _ _  — -

^ ^ ^ 

__ — 

/ / 

/ / 
/ / 

// ' 
/ / // ' 

--

--

--

--

--

400 42 44 46 48 50 52 54 56 58 60 62 64 66 

AGE E 

Figuree 6.11: Estimated Average Health Profiles by Birth Cohort and Gender 

Figuress 6.11 and 6.12 show estimated health profiles based on the average HSCL 
scoree in the sample. They vary only by age, birth cohort, gender and labour market 
state,, according to equation (6.14). Health deteriorates with age, but this process 
iss stronger for men than for women, who initially have higher HSCL scores. The 
effectt of the Second World War on health conditions is evident from the difference in 
healthh profiles between birth cohorts. All other things being equal, health conditions 
aree best for people who remain unemployed. Once individuals start to work, it is 
bestt to remain employed, since both disability and early retirement cause HSCL 
scoress to rise, even though early retirement has an initial positive effect on health. 
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Employedd until age 65 
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Figuree 6.12: Est imated Average Health Profiles by Different Careers 

6.33 A Lif e Cycle Retirement Model 

Inn this section, a lif e cycle retirement model is presented in which health profiles 
aree explicitly incorporated. The model is similar to the model in chapter 5, except 
t hatt the choice framework is not limited to one single transit ion, but includes all 
labourr supply and retirement decisions from age 41 on. First, data available for 
thee analysis are presented. Next, a detailed specification is given of the dynamic 
programmingg model. The section ends with the presentation and discussion of the 
est imat ionn results. 

6.3.11 Data 

Thee data for the analysis is taken from the CERRA survey, which was discussed in 
chapterr 3. Since the lif e cycle retirement model analyses retirement decisions by 
respondentss for each year between age 41 and the last age at which respondents 
aree interviewed, full use is made of the surveys held in 1993 and 1995. For most 
respondents,, the surveys provide information on labour market histories until 1995. 
Unfortunately,, the data do not contain information on retirement decisions in each 
andd every year. However, under the assumption of retirement as a permanent 
(absorbing)) state, it is sufficient to know at which date or age retirement actually 
takess place. For example, if a respondent of 62 years old has retired at age 57, it is 
assumedd that (s)he chose to continue employment at all ages between 41 and 57, and 
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thatt his or her last labour market decision took place at age 57. The assumption 
off  permanent retirement is motivated by the small number of job transitions and 
re-entrancess to the labour market among elderly employees in the CERRA data, 
andd by the modest search activities of elderly people, as illustrated in chapter 3. 
Iff  respondents have not retired in 1995, it is concluded that they have chosen to 
continuee employment at all ages since their 40th birthday. 

Fromm a total of 4727 heads of household in the CERRA data, only a limited num-
berr is selected for the analysis of retirement decisions in this chapter. Respondents 
mustt have been employed at age 40 and must be between 41 and 64 years of age 
att the time of observation, either in the 1993 or 1995 survey. A further selection is 
madee to exclude (retired) self-employed respondents. Respondents with real wage 
levelss below the minimum wage or above 150,000 Dutch guilders per year, are elimi-
natedd from the sample to avoid the influence of outliers. Selection by the availability 
off  data on sector type, smoking, drinking and exercising, and on HSCL scores, fur-
therr reduces the sample size. Together, this leaves 1697 heads of household for the 
analysiss of life cycle retirement behaviour. Table 6.9 shows numbers of observations 
byy age and retirement route. The decline in the number of total observations by 
agee is the result of observing respondents up to a certain age. 

Thee distinction between quits and layoffs in table 6.9 is identical to that in 
chapterr 5. Quits are initiated by workers, while layoffs are initiated by employers. 
Thee most important reason for retirement, as reported by respondents, determines 
whetherr retired individuals have quit or have been laid off. An overview of these 
reasonss is given in table 5.4 of chapter 5. Here it is noted that 27 percent of all 
retirementss are involuntary, and that they are unevenly distributed over retirement 
routes:: 25 percent of all early retirees, 15 percent of all disabled, and 57 percent of 
alll  unemployed are laid off. 

Forr the dynamic decision process as described by the life cycle retirement model 
inn this chapter, the explanatory variables must describe individual circumstances 
att all elderly stages in life. Since future circumstances are not known, assumptions 
mustt be made regarding future values of these factors. For wages and pensions, in-
dividuall  profiles are constructed in chapter 4, based on observed wages and (labour) 
characteristics.. These profiles depend on retirement decisions, both with regard to 
statee and age. Other explanatory factors for retirement are based on their value in 
1993,, 1995 and 1991 if available6. Some variables are constants, for example educa-
tion,, gender and birth cohort, or vary in a deterministic way, like age, labour market 
experiencee and tenure. Most other explanatory variables can be considered time 
dependent.. For these variables, additional assumptions have to be made. Working 
conditionss and sector type are assumed to remain constant, since not many job 
changess take place at the ages under consideration (see chapter 3). For the remain-

6Dataa from the 1993 survey contains information on several variables in 1991, due to a number 
off  retrospective questions. 



1866 Chapter 6. Retirement and Health 

Tablee 6.9: Number of Observations by Age Used for Estimation 

Early Early 
AgeAge Working Retired Disabled Unemployed Quits Layoffs Total 
41 1 
42 2 
43 3 
44 4 
45 5 
46 6 
47 7 
48 8 
49 9 
50 0 
51 1 
52 2 
53 3 
54 4 
55 5 
56 6 
57 7 
58 8 
59 9 
60 0 
61 1 
62 2 
63 3 
64 4 

Total l 

1690 0 

1679 9 

1660 0 

1608 8 

1547 7 

1488 8 

1419 9 

1333 3 

1271 1 

1202 2 

1148 8 

1092 2 

1030 0 

898 8 
763 3 
627 7 
478 8 
358 8 
224 4 
85 5 
46 6 
25 5 
10 0 
6 6 

21687 7 

1 1 
0 0 
1 1 
0 0 
1 1 
1 1 
2 2 
4 4 
3 3 
9 9 
7 7 
7 7 
8 8 
20 0 
37 7 
36 6 
86 6 
64 4 
100 0 
119 9 
34 4 
8 8 
7 7 
2 2 
557 7 

6 6 
8 8 
12 2 
9 9 
14 4 
12 2 
13 3 
12 2 
16 6 
21 1 
13 3 
21 1 
15 5 
23 3 
13 3 
14 4 
11 1 
7 7 
2 2 
3 3 
0 0 
0 0 
0 0 
0 0 
245 5 

0 0 
3 3 
6 6 
4 4 
6 6 
2 2 
8 8 
7 7 
8 8 
7 7 
6 6 
5 5 
12 2 
10 0 
12 2 
17 7 
9 9 
5 5 
4 4 
1 1 
0 0 
2 2 
0 0 
0 0 
134 4 

7 7 
10 0 
11 1 
9 9 
15 5 
15 5 
19 9 
18 8 
19 9 
24 4 
21 1 
20 0 
16 6 
35 5 
39 9 
44 4 
75 5 
50 0 
81 1 
108 8 
28 8 
8 8 
5 5 
2 2 
679 9 

0 0 
1 1 
8 8 
4 4 
6 6 
0 0 
4 4 
5 5 
8 8 
13 3 
5 5 
13 3 
19 9 
18 8 
23 3 
23 3 
31 1 
26 6 
25 5 
15 5 
6 6 
2 2 
2 2 
0 0 
257 7 

1697 7 

1690 0 

1679 9 

1621 1 

1568 8 

1503 3 

1442 2 

1356 6 

1298 8 

1239 9 

1174 4 

1125 5 

1065 5 

951 1 
825 5 
694 4 
584 4 
434 4 
328 8 
208 8 
80 0 
35 5 
17 7 
8 8 

22623 3 

ingg explanatory variables, information from both the 1993 and 1995 wave of the 
CERRAA survey is used to construct lif e cycle profiles. Typically, values before 1991 
aree taken equal to the value in 1991, and values after 1995 are taken equal to the 
valuee in 1995. Values in 1992 and 1994 are either taken equal to the average of the 
adjacentt years, or to the 1993 value. Examples are the labour market state of part-
ners,, company size, the distinction between private and public sector, and the level 
off  supervision of individual employees. All unknown future values are assumed to 
equall  the last known value, under the assumption that there is not a more reliable 
predictorr for the future than the most recent situation. Variables for the determina-
tionn of pensions, benefits and time dependent eligibility for retirement programmes 
aree based on imputed values for age, tenure and labour market experience. Further 
descriptionss of all relevant variables are given in appendix 6.A. 
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6.3.22 Model Specification 

Similarr to chapter 5, retirement is expressed as the choice for an optimal age to 
stopp working, with ages denoted by an index t. Actual decisions are denoted by the 
sequencee of control variables 

,,kk _ ƒ 1 if alternative k is chosen at age t ,„  1 _v 
**  |̂  0 otherwise 

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

££ dk
t = 1, V*  (6.16) 

keD, keD, 

meaningg that only one of the alternatives can be chosen from the choice set Dt} 

whichh includes employment and retirement options for which individuals are el-
igible.. It is assumed that choices are made once every year at the birthday of 
individuals.. Apart from retirement ages, four major choice alternatives or states k 
aree distinguished. They are given by7 

kk = W 
kk = ER 
kk = DI 
Jbb = UE 

employment t 
earlyy retirement 
disability y 
unemployment t 

Itt is assumed that all retirement alternatives are absorbing states, which is formally 
expressedd by 

d**  = 1 = > df+1 = 1, ke {ER, DI, UE} 

Absorbingg retirement states reduce the retirement problem to an optimal stopping 
process,process, where employees choose the optimal moment for permanent retirement. El-
igibilit yy constraints for early retirement programmes are incorporated in the model 
byy the construction of individual and age specific choice sets Dt. These choice sets 
aree based on information about exact requirements. It is assumed that individuals 
remainn eligible once these requirements are met. Although participation in disabil-
ityy programmes is formally restricted by health limitations, no such restrictions are 
imposedd in the model. In case of unemployment, benefit programmes are assumed 
too be generally accessible. Identical to chapter 5, involuntary retirement is indicated 
by y 

__ ƒ 1 if retirement is involuntary at age t , . 
' ~~ I 0 otherwise 

7Forr the empirical analysis, a fift h alternative is added, which is identical to unemployment, 
butt with an income level equal to zero. This way, estimated preferences for income are not only 
basedd on differences, but also on absolute levels. 
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andd is made dependent on observed characteristics of employers and employees, 
representedd by a vector Zt, and on unobserved characteristics, denoted by \ix. Using 
thee same distributional assumptions as in chapter 5, the probability of involuntary 
retirementt or the layoff risk at age t is represented by the Logit probability 

„„  = P ( s , = 11 n.) = ™p{Zji] 8] (6.18) 
11 + exp {Zt0) 

wheree 6 is a vector of behavioural parameters that express the effects of employer 
andd employee characteristics. Utilit y levels Uf for work and retirement are sepa-
ratedd additively into a deterministic and a stochastic part as 

UfUf = V\ + £k
t (6.19) 

Itt is assumed that workers are uncertain about future drawings of the stochastic 
partt £t but not about current values, while researchers have no information on both 
futuree and current values of e*. A convenient specification for the stochastic utilit y 
valuess is that they assume an independent but identical Extreme Value (Type I) 
distribution.. It then follows that two-period expected value functions for retirement 
alternativess ib € {ER, Dl, UE}  are given by 

VVtt
kk = Ük

t + A 17,(7 + ^ + 1) + 4 (6.20) 

wheree A is the time discount rate for utility , 174 the survival probability in period t 
conditionall  on survival up to period t, 7 is Euler's constant and V ^ = Vt+1+£t+1. 
Iff  employees choose to remain employed, their decision process involves future eval-
uationss of employment and retirement opportunities, which can be interrupted by 
involuntaryy separations from employment. The value function for work is therefore 
moree complicated, since it has to account for multiple future alternatives, and is 
allowedd to depend on the risk of being laid off, denoted by ir t. The age t specific 
valuee functions for work are written as 

VVtt
ww = U™ + Ar ; ( ( l -7 r t ) (7 + ln( £ exp(K{ + l ) ) ) 

j '60 11 + i 

++ Xnt ,r« (7 + ln( £ exp(F j+ 1) ) ) + ef (6.21) 
>€{/> ii  + i \ { w } } 

Jtt k JL 

Itt is clear from equations (6.20) and (6.21) that known values of Vt+li  Ut and et 
f.f. i t 

solvee the two-period optimisation problem, producing values for Vt . Since Ut is 
expressedd in observables, only the unknown values of e\ prevent the problem from 
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havingg a solution. Under the assumption that ek takes on stochastic values from 
thee Extreme Value (Type I) distribution, the model is derived to equal 

P(dP(dkk = 11 n( ) = ^ P ^ ' ) (6.22) 
E j e B «e xP (v «) ) 

Thee dynamic programming retirement model thus reduces to a standard Logit model 
withh the dynamic value functions (6.20) and (6.21) as its arguments. Finally, the 
deterministicc part of the utility value is specified as 

UUkk
tt - ak + dk \n{Yk) + V*  A, + (**)'/?*  (6-23) 

wheree Yk is the income level that depends on age and labour market status, ht the 
healthh level as derived in section 6.2, and Xk a vector of personal characteristics 
forr alternative k at age t that affect the valuation of leisure Lk. The corresponding 
parameterss dk, rpk and /?*, and the constant term ak, are allowed to vary by alter-
nativee k. The inclusion of log income is motivated by the assumption that utilit y 
iss increasing and concave in wages, pensions and benefits. 

Importantt extensions of this model compared to chapter 5, are the inclusion 
off  age and labour market state dependent health levels ht to obtain a less biased 
estimatee of health effects on retirement decisions, and the inclusion of all labour 
supplyy and retirement decisions between age 40 and the age at which respondents 
aree observed last. How this affects the estimation results is reported below. 

6.3.33 Estimation Results 

Thee model in equations (6.15) to (6.23) is estimated by Maximum Likelihood. The 
likelihoodd function is given in appendix 6.B. Identical to chapter 5, the parameter 
AA is fixed at a value of 0.95 for simplicity. For health, five different specifications 
havee been tested. First, estimation results for a model with estimated HSCL scores 
fromm equation (6.14) are presented in table 6.10. Except for income, all parameters 
forr the employment decision are normalised to zero. This means that all reported 
parameterss for variables other than income measure the effect on retirement rel-
ativeative to the choice for continued employment. This is a necessary condition for 
identificationn of the dynamic programming Logit model. 

Thee estimation results are consistent with the estimation results from the single 
transitionn retirement model in chapter 5. Main determinants of retirement decisions 
aree income, absolute preferences for leisure time and health. However, in chapter 
55 showed that wages are the main determining source of income, while the present 
analysiss shows that retirement income dominates earnings. Early retirement pen-
sionss are preferred best, followed by unemployment benefits. Disability benefits are 
thee least appreciated. These relative values show preferences for different retirement 
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Tablee 6.10: Estimation Results for the Retirement Model 

Variable e 

Logg of Wage Income 

Vann a We 
Cons tant t 

Logg Ret i rement Income 
Age/10 0 
Bi r t hh Cohort 

19366 - 1940 
19411 - 1945 

19466 - 1955 
Female e 

Par tnerr Working 
HSCLL Score/ ioo 

Sectorr Type 
Industr ies s 

Const ruct ion n 
Cater ing g 

Publ icc Sector 
Occupat ionall  Level 

Bluee Collar High 
Whi tee Collar Low 

Whi tee Collar High 

Mediumm Supervision 
Physicall  Exert ion 
Exhaust ingg Labour 

Variaa hie 

Cons tant t 
Age/10 0 
Mediumm Educat ion 

Higherr Educat ion 
Livin gg with Par tner 

Sectorr T y pe 
Heavyy Industr ies 
Lightt Industr ies 
Construct ion n 

Occupat ionall  Level 
Bluee Collar High 

Whi tee Collar Low 

Whi tee Collar High 
Experience/10 0 
Tenure/10 0 

EarlyEarly Retirement 

estimate estimate 

0.307 7 

0.203* * 
-0.101 1 

-0.258* * 
-0.254 4 

-0.660* * 
0.217* * 

-0.092 2 
0.438* * 

0.127* * 
0.219* * 

0.243* * 
-0.039 9 

-0.283* * 
-0.060 0 

-0.116* * 
0.106* * 

0.041 1 
0.151* * 

error error 

0.443 3 

0.057 7 

0.065 5 

0.052 2 
0.232 2 

0.125 5 
0.087 7 

0.062 2 
0.181 1 

0.068 8 
0.096 6 

0.121 1 
0.054 4 

0.083 3 
0.081 1 

0.069 9 
0.053 3 

0.059 9 
0.050 0 

Employment Employment 
estimate estimate 

-0.025 5 

error r 

0.038 8 

Disabil i ty y 
estimate e 

-1.517* * 

0.069* * 
-0.135* * 

-0.104* * 
-0.036 6 

-0.124* * 
0.092* * 

-0.072* * 
0.627* * 

0.085* * 
0.150* * 

0.090* * 
0.039 9 

-0.108* * 
-0.012 2 

-0.077* * 
0.090* * 

0.107* * 
0.098* * 

error error 

0.227 7 

0.035 5 
0.036 6 

0.025 5 
0.050 0 

0.057 7 
0.037 7 
0.031 1 
0.125 5 

0.033 3 
0.040 0 

0.052 2 
0.026 6 

0.047 7 
0.040 0 

0.033 3 
0.026 6 
0.027 7 
0.027 7 

Layoff Layoff 
estimate estimate 

-16.308* * 
2.495* * 
0.190 0 

-0.332* * 
-0.307* * 

0.250 0 
0.152 2 
0.102 2 

-0.129 9 

-0 .391* * 

-0.214 4 
-0.013* * 
-0.005 5 

error r 

0.768 8 
0.145 5 
0.148 8 

0.171 1 
0.133 3 

0.188 8 
0.186 6 
0.244 4 

0.257 7 

0.214 4 

0.158 8 
0.004 4 
0.005 5 

UnemploymenUnemploymen t 

estimate estimate 

-2.376* * 

0.123* * 
-0.254* * 

-0.041 1 
-0.068 8 

-0.118* * 
0.164* * 

-0.105* * 
0.797* * 

0.065* * 
0.128* * 

-0.043 3 
-0.001 1 

-0.086 6 
0.008 8 

-0.055 5 
0.081* * 

0.054* * 
0.091* * 

error error 

0.295 5 

0.027 7 
0.045 5 

0.030 0 
0.057 7 

0.062 2 
0.041 1 
0.038 8 
0.206 6 

0.038 8 
0.048 8 

0.078 8 
0.031 1 

0.056 6 
0.045 5 

0.038 8 

0.031 1 
0.032 2 
0.031 1 

* :: significant at the 5 percent level; * :: significant at the 10 percent level 
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programmess in case benefits levels would be identical. It implies that disability pro-
grammess are mainly used in the absence of early retirement eligibility and because 
benefitss are higher than for unemployment programmes. 

Relativee preferences for retirement programmes are also shown by the baseline 
valuationn of leisure time, expressed by the estimated constants for each retirement 
alternative.. The valuation of leisure spend in early retirement is positive, but small 
andd insignificant, while leisure spend in disability or unemployment is significantly 
valuedd negatively. Moreover, the parameters for age show that this negative valu-
ationn increases over age for all retirement programmes. These results again imply 
thatt employees like to retire as soon as possible, but preferably through the early 
retirementt programme. Later retirement is valued less, especially through disabil-
ityy and unemployment. Only high benefit levels or special circumstances make 
employeess want to retire through disability of unemployment. 

Speciall  circumstances are captured in the model by birth cohort, gender, working 
partners,, health conditions, sector type, public versus private sector, occupational 
level,, supervision, physical exertion, tiring work, and layoffs. The estimation results 
showw preferences for retirement programmes for different birth cohorts, relative 
too employees who were born between 1926 and 1935. This cohort retires at an 
earlierr age than all younger groups, other things being equal. However, looking at 
statisticall  significance, it is clear that the World War Two generation also retires 
att a relative early age. Under equal circumstances, the results for birth cohorts 
suggestt an autonomous trend towards later retirement, with a shift from early 
retirementt to unemployment programmes. But circumstances are not equal. For 
instance,, income levels have increased by cohort (see chapter 4), resulting in earlier 
retirement.. Compared to male workers, female workers retire sooner. If respondents 
havee a partner who works, they have significant lower probabilities of retirement, 
especiallyy through unemployment and disability. These results are consistent with 
earlierr empirical studies, which show that partners take joint retirement decisions, 
seee for example Henkens and Siegers (1991b) and Henkens (1998). 

Workerss in the industrial sector, construction sector, and in catering have higher 
retirementt probabilities by age than workers in other sectors. For early retirement, 
thiss can not be attributed to differences in the availability of early retirement pro-
grammes,, since this is already accounted for in the model. Relatively high retire-
mentt probabilities for disability and unemployment programmes can point at more 
relaxedd entry conditions for workers in these sectors. Public sector employees do 
nott seem to have different retirement probabilities than private sector employees. 
Chapterr 5 shows higher probabilities for entry into early retirement and disability 
programmess by public sector workers. Differences between occupational levels show 
thatt high skilled employees have lower retirement probabilities, especially blue col-
larr workers. In addition to occupational level, employees who supervise between 5 
andd 49 other employees, have significant higher retirement probabilities, regardless 
off  retirement route. Working conditions also significantly influence preferences for 
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retirement.. Labour that is physically demanding increases retirement probabilities, 
especiallyy through disability. Since clear physical health problems make employees 
eligiblee for disability programmes, this effect could be tautological. Tiring work 
causee employees to retire earlier, with higher preferences for early retirement pro-
grammess than for disability or unemployment. No significant impact on retirement 
behaviourr is found for education, marital status, company size, and working condi-
tionss like stress and mental exertion. In order to restrict computational complexi-
ties,, these variables are left out of the final model. 

Similarr to the estimation results for the retirement model in chapter 5, the 
layofff  rate is mainly determined by age and labour experience. The risk of being 
laidd off increases dramatically with age, but decreases with labour experience. It is 
temptingg to explain these results as an argument for the theory that less productive 
workerss are laid off first. It is generally assumed that productivity declines with 
agee and increases with experience. As a consequence, the estimates would indicate 
thatt productivity is relatively large for employees with a high level of education, 
forr employees with a partner, and for white collar employees. But it must be 
emphasisedd that the results are based on a limited number of observations and a 
veryy simple functional specification, which does not include CERRA data from the 
labourr demand side. Still, the estimation results enable the reproduction of relative 
layofff  risks that influence individual labour supply and retirement decisions, which 
iss the main purpose of including them in the dynamic retirement model. 

Thee influence of health conditions on retirement decisions is significant. If health 
deteriorates,, preferences for retirement grow. The importance of health as a rea-
sonn for retirement is higher at lower income opportunities and proportional to the 
accessibilityy of retirement programmes. Apparently, people in bad health want to 
retiree soon and prefer immediate retirement above income. The influence of health 
onn retirement is further investigated by comparing estimation results for models 
withh different health measures. The preferred HSCL profile from equation (6.14) 
iss compared with the less endogenous HSCL profile from equation (6.11), with an 
objectivee measure of health representing the number of visits to a family doctor in 
thee 12 months prior to the CERRA survey, a subjective measure indicating whether 
respondentss feel unhealthy, and a work related health measure representing the re-
strictionn of working abilities, identical to the health measure in chapter 5. Table 
6.111 shows the main estimation results, health elasticity's and measures of fit  for 
modelss with these health measures. 

Basedd on log likelihood values, the work related measure of health performs 
best,, followed by the subjective health measure, the preferred measure from equa-
tionn (6.14), the health measure from equation (6.11), and the objective health 
measure.. The model fit  is an indication for the extend to which these measures 
representt health conditions that truly influence labour supply and retirement deci-
sions.. Therefore, the number of family doctor visits is a poor measure for explaining 
retirementt behaviour. The health measure from equation (6.11) produces results 
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whichh imply that health problems reduce retirement probabilities, which is coun-
terintuitivee and opposite to the results of all other models. Since equation (6.11) 
specifiess health profiles that are hardly influenced by individual heterogeneity, it fol-
lowss that individual deviations from general health levels instead of average health 
levelss strongly influence labour supply and retirement decisions. Since individual 
heterogeneityy in health conditions is best captured by the preferred HSCL profile, 
thee subjective health measure, and the work related health measure, these measures 
performm relatively well. 

Tablee 6.11: Comparison of Models with Different Health Measures 

HealthHealth Measure Equation Equation 
(6.14) (6.14) 

Equation n 

(6.11) (6.11) Objective Objective Subjective Subjective 
Work Work 

Related Related 

HealthHealth Elasticity's^ 

Earlyy Ret i rement 

Disabil ity y 
Unemployment t 

0.023* * 
0.038* * 
0.047* * 

-0.092* * 
-0.024* * 
-0.051* * 

0.027* * 
0.029* * 
0.023* * 

0.007* * 

0.011* * 

0.008* * 

0.015* * 
0.035* * 
0.020* * 

IncomeIncome Parameters 

Employment t 

Earlyy Ret i rement 

Disability y 
Unemployment t 

Constants Constants 

Earlyy Ret i rement 
Disability y 
Unemployment t 

-0.025 5 
0.203* * 

0.069* * 

0.123* * 

0.307 7 
-1.517* * 
-2.376* * 

0.034 4 

0.176* * 

0.064* * 

0.118* * 

-1.591* * 
-1.543* * 
-2.427* * 

-0.028 8 

0.199* * 
0.053 3 

0.122* * 

0.452 2 
-1.765* * 
-2.508* * 

-0.031 1 
0.191* * 
0.068* * 
0.125* * 

0.337 7 
-1.989* * 
-2.643* * 

-0.056 6 
0.208* * 

0.070* * 

0.126* * 

0.166 6 
-2.228* * 
-2.697* * 

AgeAge Parameters 
Earlyy Ret i rement 
Disabil ity y 
Unemployment t 

Logg likelihood 

-0.101 1 
0.135* * 
0.254* * 

-3119.57 7 

0.304* * 
0.187* * 
0.301* * 

-3129.18 8 

-0.125* * 
0.198* * 
0.280* * 

-3140.56 6 

-0.099 9 
0.227* * 
0.301* * 

-3113.03 3 

-0.094 4 
0.241* * 
0.292* * 

-2896.88 8 

* :: elasticity's determined at the sample average and at age 57 
*:*:  significant at the 5 percent level * : significant at the 10 percent level 

Comparedd to the subjective and work related health measures, the preferred 
measuree from equation (6.14) does not represent working ability as well, but it allows 
forr a better measurement of differences in health conditions between individuals and 
betweenn ages, while being consistent across both8. As a result, the health elasticity's 
aree stronger and the parameters for constant and age-dependent leisure valuations 

8HSCLL profiles are continuous and therefore able to measure differences more accurate than 
thee dummy variables for subjective and work related health conditions. 
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smaller.. Since constant and age-dependent leisure valuations do not really explain 
retirementt behaviour, the explanatory power of the model with a health measure 
fromm equation (6.14) is larger, even though the fit is worse. It is concluded that 
thiss model serves best to explain labour supply and retirement decisions, but that 
aa model with a work related health measure is a reasonable approximation, which 
alsoo results in a better model fit. Since this work related health measure was applied 
inn chapter 5, the present analyses strengthens the significance of those estimation 
results.. No evidence is found for endogeneity in applying preferred HSCL profiles 
orr work related health measures. The income parameters are rather constant across 
alll  model specifications, and health elasticity's are largest for the preferred and the 
objectivee measure. 

Tablee 6.12: Measures of Fit for the Retirement Model 

Model Model 

Fulll  Dynamic Model 
Restr ic tedd Ret i rement Choice 
Restr ic tedd Layoff Rate 
Fullyy Restr ic ted 
Wi thoutt Heal th Variable 
Fulll  Stat ic Model 

NumberNumber of 
Restricted Restricted 
Variables Variables 

0 0 
55 5 
12 2 
67 7 
3 3 
0 0 

Log Log 

Likelihood Likelihood 
Value Value 

-3119.57 7 
-3428.86 6 
-3306.42 2 
-3684.90 0 
-3156.78 8 

-3029.52 2 

Likelihood Likelihood 
RatioRatio Value 

309.29 9 
186.85 5 
565.33 3 
37.21 1 

Critical Critical 
XX Value 

76.88 8 
21.03 3 

91.02 2 
7.81 1 

Thee estimated retirement model with the preferred health measure from equa-
tionn (6.14) serves as a reasonable approximation of observed voluntary and invol-
untaryy retirement patterns. Most of the included variables improve its explanatory 
power.. Evidence for this is given in table 6.12, where log likelihood values are pre-
sentedd for different specifications of the model. Associated Likelihood Ratio values 
testt the explanatory power of parts of the model9. The Likelihood Ratio values 
showw that the full dynamic model explains individual retirement decisions better 
thann the restricted alternative specifications. For example, a model specification 
inn which health conditions of individuals are ignored is rejected by the Likelihood 
Ratioo test. However, it is shown in table 6.11 that alternative health measures may 
increasee the model fit. Also, a static specification of the model, in which employees 
aree assumed to be myopic in their retirement choice, turns out to explain individual 
retirementt decisions better than the full dynamic model. Since this result was not 

Byy comparing log-likelihood values of models in which some of the parameters are restricted to 
zero,, with the log-likelihood value of the full dynamic model, the explanatory power of restricted 
partss of the dynamic model are tested. Restricted parts are significant explainers if the Likelihood 
Ratioo value is larger than the corresponding critical x2 value. 
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Figuree 6.13: Comparison of Estimators for Employment 
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Figuree 6.14: Comparison of Estimators for Early Retirement 
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Figuree 6.15: Comparison of Estimators for Disability 
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Figuree 6.17: Comparison of Estimators for Quits 
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Figuree 6.18: Comparison of Estimators for Layoffs 
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foundd in chapter 5, it is concluded that the extension from a transitional framework 
too a life cycle specification suffers from measurement error, as a results of a lack 
off  information for variables in non-survey years. This shows the need for more ac-
curatee longitudinal information on individual and labour characteristics. From the 
logg likelihood values in table 6.12, an overall pseudo-/?2 is constructed for the full 
model,, which is equal to 0.15. This means that the full dynamic model statistically 
explainss 15 % of observed retirement behaviour. 

Thee fit of the model by age is graphed in figures 6.13 to 6.18. A comparison 
iss made between results from the Maximum Likelihood estimator and results from 
aa Non-parametric Estimator10. The figures show that up to age 59, the dynamic 
programmingg model reasonably reproduces conditional probabilities of retirement. 
Fromm age 60 on, retirement is overestimated and continued employment underesti-
mated,, which can mainly be attributed to the low number of retirement observations 
afterr age 60. The model therefore extrapolates information for ages 42 to 60 to the 
agee bracket 60 to 65, resulting in a conditional retirement peak at age 63. It is 
nott clear whether the model misses crucial information to explain retirement af-
terr age 60, or whether the few available retirement observations after age 60 are 
representativee for true retirement probabilities. 

6.44 Simulated Health Effects on Ret irement 

InIn this section, the estimation results from the life cycle retirement model are used 
too further analyse the impact of health on retirement decisions. Using model sim-
ulations,, two different individual health situations are investigated and compared 
withh the observed situation in the CERRA data. First, a situation is simulated in 
whichh all individuals are in perfect health, effectuated by setting HSCL scores equal 
too zero. Next, health states are set at levels that are normally observed 10 years 
later. . 

Tablee 6.13 shows conditional probabilities of retirement at selected ages in the 
observedd situation (1) and in the absence of health problems (2). Health clearly has 
aa negative effect on participation11. In the absence of health problems, there are less 
reasonss for early retirement. As a consequence, the probability of employment is 
higherr at every age, and retirement is reduced at every age. Exits trough disability 
aree affected relatively strong, with a reduced entry of more than 50 percent at every 
age.. A large fraction of retirees uses disability programmes for health reasons, 
butt the same amount uses them without significant health problems. These are 

100 The Non-parametric Estimator is used to give a close description of conditional retirement 
probabilitiess which are derived directly from the data. It allows for smoothing the probability 
distributionn at places where large fluctuations exist, for example due to lack of information at 
specificc ages. 

111 Still , based on the log likelihood values in table 6.12, variation in health conditions explains 
onlyy 1.2 percent of all variation in labour supply and retirement behaviour. 
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mostt likely individuals who, for example after a layoff, are not yet eligible for early 
retirementt benefits, and for whom unemployment benefits are less attractive. 

Tablee 6.13: Effect of Perfect Health on Conditional Retirement Percentages 

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

Employment Employment 

(V (V 
99.0 0 
98.0 0 
96.0 0 
91.5 5 
81.4 4 
52.9 9 
9.1 1 

(2) (2) 
99.4 4 
98.6 6 
97.0 0 
92.7 7 
83.1 1 
56.0 0 
20.0 0 

EarlyEarly Retirement 

(V (V 
0.1 1 
0.2 2 
0.6 6 
3.5 5 

11.6 6 
40.0 0 
62.8 8 

(2) (2) 
0.1 1 
0.2 2 
0.6 6 
3.3 3 

10.6 6 
36.8 8 
58.9 9 

Disability Disability 

(1) (1) 
0.7 7 
1.2 2 
2.1 1 
2.8 8 
3.2 2 
2.9 9 
8.8 8 

(2) (2) 
0.3 3 
0.5 5 
1.0 0 
1.3 3 
1.6 6 
1.5 5 
3.3 3 

Unemployme Unemployme 

(1)(1) (2) 
0.22 0.2 
0.66 0.6 
1.22 1.5 
2.33 2.8 
3.77 4.7 
4.22 5.7 

19.33 17.7 

(1):(1): Observed situation; (2): Situation in which everyone is in perfect health 

Thee improved health situation causes less people to enter early retirement pro-
grammes,, but more people to enter unemployment programmes. A closer look at 
thiss result reveals that the number of voiuntary entrances into unemployment de-
cliness as a result of improved health situations, but that this decline is more than 
compensatedd for by layoffs into unemployment, caused by the higher number of em-
ployeess at every age. Again this illustrates the importance of distinguishing between 
quitss and layoffs. 

Tablee 6.14: Effect of Reduced Health on Conditional Retirement Percentages 

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

Wort t 

(V (V 
99.0 0 
98.0 0 
96.0 0 
91.5 5 
81.4 4 
52.9 9 
9.1 1 

(2) (2) 
98.3 3 
96.7 7 
94.0 0 
89.0 0 
78.0 0 
50.4 4 

1.6 6 

EarlyEarly Retirement 

(1) (1) 
0.1 1 
0.2 2 
0.6 6 
3.5 5 

11.6 6 
40.0 0 
62.8 8 

(2) (2) 
0.1 1 
0.3 3 
0.7 7 
3.9 9 

13.2 2 
41.3 3 
61.1 1 

Disability Disability 

(1)(1) (2) 
0.77 1.3 
1.22 2.2 
2.11 3.5 
2.88 4.1 
3.22 4.3 
2.99 3.5 
8.88 13.6 

Unemployment Unemployment 

(1) (1) 
0.2 2 
0.6 6 
1.2 2 
2.3 3 
3.7 7 
4.2 2 

19.3 3 

(2) (2) 
0.3 3 
0.8 8 
1.8 8 
3.1 1 
4.6 6 
4.9 9 

22.5 5 

(1):(1): Observed situation; (2): Health status equal to the observed health status 10 years later 

AA simulation in which health conditions are set equal to expected health condi-
tionss ten years later, implies a strong deterioration of health. It results in a labour 
participationn decrease and retirement increase at every age. Table 6.14 shows that 



200 0 ChapterChapter 6. Retirement and Health 

employeess who are confronted with earlier health problems, retire sooner. But the 
consequencess are very different for each of the retirement programmes. Eligibilit y 
conditionss prevent people from collecting early retirement benefits much sooner. 
Therefore,, most additional retirement is through disability and unemployment pro-
grammes,, with unemployment programmes becoming particularly attractive after 
agee 57. This can be attributed to the absence of strict eligibility conditions for 
unemploymentt benefits after age 57 ,̂ and the perceived simplicity of entrance into 
unemployment.. Although the probability of retirement increases at every age with 
aa deterioration of health conditions, the number of involuntary retirees declines. 
Thiss is explained by the lower number of employees who are at risk for being laid 
offf  at every age. 

6.55 Conclusions 

Thiss chapter presented an empirical analysis of individual health conditions and 
theirr influence on individual life cycle labour supply and retirement decisions. It 
startedd with an overview of the health and retirement literature, which shows a 
changee from concern about the importance of health relative to income for the re-
tirementt decision, to concern about the correct measurement of health conditions, 
andd its implications for the estimated effects of health on retirement. Information 
inn the CERRA data was presented to discuss its usefulness for the empirical analysis. 
Usingg individual scores from the Hopkins System Checklist (HSCL), which cap-
turee individual physical and mental health symptoms, a life cycle model for health 
dynamicss was presented and estimated. The results were used to calculate individ-
uall  health conditions for different ages and labour market states. These estimated 
healthh conditions were included in a dynamic programming model for individual 
labourr supply and retirement decisions. The model is similar to the model in chap-
terr 5, except that it allows for yearly labour supply decisions between age 40 and 
64,, instead of one retirement decision only. 

Thee purpose of this chapter was to determine how health develops over age, 
howw it can be measured, and how it affects retirement decisions. Information about 
thee development over age is necessary to analyse the role of health in a life cycle 
frameworkk for retirement decisions. The measurement of health determines whether 
i tt represents true health levels that affect labour supply and retirement decisions, 
whetherr it is consistent across individuals, and the extend to which it is correlated 
withh working conditions or labour market states which also determine labour supply 
andd retirement decisions. 

Thee estimation results for the dynamic health model show that health condi-
tionss deteriorate with age and are influenced by labour market status. Health is 
alsoo endogenous to the labour market states. Not controlling for this endogeneity 
wouldd cause biased estimates of true health conditions. Individual health conditions 
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cann mainly be explained by unobserved individual effects, education, gender, birth 
cohort,, labour market state and age. 

Thee life cycle retirement model that includes health profiles that are based on the 
dynamicc health model, produces results similar to the single transition retirement 
modell  in chapter 5. The main determinants of retirement decisions are income lev-
elss that differ between retirement routes, absolute preferences for leisure time that 
differr between individuals depending on personal and work-related characteristics, 
andd health. Again, the results show that disability programmes are mainly used 
inn the absence of early retirement eligibility and because benefits are higher than 
forr unemployment programmes. The estimated constants and age parameters show 
thatt employees like to retire as soon as possible, but preferably through the early 
retirementt programme. Later retirement is valued less, particularly through dis-
abilityy and unemployment. Only high benefit levels or special circumstances make 
employeess want to retire through one of these programmes. The risk of being laid 
offf  is mainly determined by age and experience, similar to chapter 5. The layoff 
ratee increases rapidly with age, but decreases with labour experience. Even though 
controllingg for layoffs is essential in obtaining unbiased estimates of labour supply 
andd retirement behaviour, it only explains a minor part of observed retirement. 

Speciall  attention was paid to the influence of health on retirement decisions, 
whichh is significant. If health deteriorates, preferences for retirement grow. People 
inn bad health want to retire soon and prefer immediate retirement over income. 
AA comparison of model results with different measures of health provides answers 
too the appropriateness of these different measures. An objective measure of the 
numberr of family doctor visits is a poor measure to explain retirement behaviour. 
AA measure that specifies health by a general profile which, contrary to most other 
measures,, is hardly influenced by individual heterogeneity, gives counterintuitive 
resultss for the influence of health on retirement. It is concluded that individual 
deviationss from general health levels, rather than average health levels, influence 
labourr supply and retirement decisions. Compared to subjective and work related 
healthh measures, the preferred HSCL profile does not represent working ability as 
well.. But it allows for a better measurement of differences in health conditions 
betweenn individuals and between ages, while being consistent across both. For both 
thee model with the preferred and the work related health measure, no evidence is 
foundd for endogeneity with income variables. The dynamic retirement model with 
thee preferred health measure therefore serves best to explain changes in labour 
supplyy and retirement decisions. However, the retirement model with the work 
relatedd health measure is a reasonable approximation, which results in a better 
modelmodel fit. Since this work related health measure was used in chapter 5, chapter 6 
hass strengthened the significance of those estimation results. 



202 2 AppendicesAppendices to Chapter 6 

Appendicess t o Chapter  6 

6.AA Variabl e Definition s 

Al ll  variables that are used in chapter 6 are defined in this appendix in alphabetical 
order.. Dummy variables equal one if respondents possess the relevant characteris-
tics,, and zero otherwise. For most variables, data are available for 1993 and 1995. 
Thee value for 1994 is taken equal to that in 1993, except for time-varying variables 
likee age. All unknown future values are assumed to equal the last known value, 
exceptt when explicitly stated otherwise. 

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

Birt hh Cohort - Year of birth of the respondent, classified into 4 groups: born 
betweenn 1926 and 1935, born between 1936 and 1940, born between 1941 and 
1945,, and born between 1946 and 1955. 

Drinkin gg - Dummy variable indicating whether the respondent drinks at least 4 
glassess of alcohol a day. 

Educat ionn - Dummy variables indicating the highest completed level of school-
ing,, either Lower education (elementary school, primary vocational and sec-
ondaryy general), Medium education (secondary vocational and higher general) 
orr Higher education (higher vocational and academic). In the model for age 
relatedd health dynamics, the more detailed distinction in educational level is 
used. . 

Exercisingg - Dummy variable indicating whether the respondent spends at least 1 
hourr per week exercising. This includes activities like walking, fitness, jogging, 
tennis,, squash, cycling, swimming, golf, yoga, and team sports. 

Exhaustingg Labour  - Dummy variable indicating whether the respondent reports 
hiss or her work to be tiring, whether overtime work is expected, or when working 
hourss are irregular. 

Exper ience-- 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,, and by zero otherwise. 

Femalee - Dummy variable indicating whether the respondent is female. 

HSCLL  Score - Hopkins Symptom Checklist score, index variable that expresses the 
healthh status of the respondent, based on 57 questions with regard to physical 
andd mental health symptoms. The score ranges from 0 to 171. Higher scores 
expresss lower health levels. 

Labourr  Marke t Status - Dummy variables indicating whether the respondent is 
ann Employee, Self-employed, Early Retired (not employed and collecting early 
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retirementt benefits), Disabled (not employed and collecting disability benefits) 
orr Unemployed (not employed and collecting unemployment benefits). 

Livin gg wit h Partner  - Dummy variable indicating whether the respondent is 
marriedd or cohabits with a partner. 

Migran tt  - Dummy variable indicating whether the respondent is born outside of 
thee Netherlands. 

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

Partnerr  Workin g - Dummy variable indicating whether the respondent is married 
orr cohabits with a partner who is employed. 

Percentagee of Lif e Employed - Labour market experience of the respondent as 
aa percentage of the number of years since the respondent's 15th birthday. 

Physicall  Exertion - Dummy variable indicating whether the respondent reports 
hiss or her job to demand large physical efforts, heavy liftin g or much bending. 

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

Retirementt  Income - Income from the retirement programme that is chosen by 
thee respondent: early retirement pensions, disability benefits or unemployment 
benefits. . 

Sectorr  Type - Dummy variables indicating the industrial sector in which the 
respondentt 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), 
Miningg (1), Heavy Industries (2), Light Industries (3), Utilit y Companies (4), 
Constructionn (5), Catering (6), Transport (7), Financial Services (8), and Other 
Servicess (9). 

Smokingg - Dummy variable indicating whether the respondent smokes at least 1 
cigarettee a day. 

Supervisionn - 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 the worker decides to continue employment, and by zero 
otherwise. . 

Wagee Income - Estimated yearly net real wages from chapter 4. 
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Yearr  of Birt h - The year in which the respondent is born. 

6.BB The Likelihood Function 

Thee life cycle retirement model in section 6.3 describes the labour supply and retire-
mentt choice of employees from their 40th birthday to the last moment of observation 
inn 1995. Similar to chapter 5, the likelihood function requires a distinction between 
employeess who choose to remain employed or voluntarily decide to retire through 
onee of the available retirement routes, and employees who are forced to retire after 
beingg laid off. The probability of observing individuals i choosing alternative k at 
timee t, is given by 

P{dP{dkk
itit = 1, Si,t-i | Qit) = P(Siit-i | Qit) P{dk

it = 1 | n,-t, Si.t-i) (6.24) 

Forr voluntary choices this is equal to 

p (44 = i,sM -i = o|at) = (i-ir,-,*-i ) p (4 = i|n«) (6.25) 

andd for retirement after being laid off equal to 

p(dp(dhh
tt = i,sltt-1 = \\nit) = *,-,,_! p(dk

t = i\nit) (6.26) 

Ann important difference with the retirement model of chapter 5 is that all labour 
supplyy and retirement decisions since the respondent's 40th birthday are included in 
thee analysis. Therefore, an additional distinction is made in the likelihood function 
betweenn individuals who are observed to be employed and individuals who are 
observedd to be retired in 1995. Denoting the minimum of the observed age in 
19955 and the age of retirement for individual i by Tt, the likelihood function is 
thee product of retirement probabilities of individuals i E {1,. . ., N} in time periods 
tt £ {̂ o,  For employed individuals in 1995 this results in 

NNcc Ti 

i e ^ n i ll  ( l-TM-i) ' 1-5" 1-0 P(d?t = l\Qit)
d» (6.27) 

11 = 1 t=t0 

Individualss who are observed to be voluntary retired through retirement programme 
kk since T,- have 

uu = r i ( ( I - ^T . - I ) ( I - 5 ' ' T - - I ) n p(dm=II*W* T< ) 
**  = 1 \ * € ( Z ? T , \ W) / 

T . - l l 

xx J] ( l - j r i , , _1) ( 1- s' ^ )p (C= l |a t )d : r (6.28) 
tt  = t0 
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Finally,, for individuals who are observed to be involuntary retired through retire-
mentt programme it since Xi, the likelihood function is written as 

LUU = n (KT.-I) 5^- 1 n ^ (^= I I« . -T ^ ) 
ii  = l \ ke{DTt\w) ) 

xx n ( l - ^ . i - i ) ( 1 " S M - l ) ^ ( r f " = 1 i a - t ) " " (6-29) 
t= l 0 0 

Takenn together, the likelihood function for the dynamic programming retirement 
modell  in chapter 6 is equal to 

LL = f[  [(7rl>Tl_1)
5^.-1(l-7rl.Ti_1)

(1-S" r'-l ) [ ] P{d}Ti = l\niTif
T*  ) 

i=ll  \ keDT, / 

xx n ( l - ^ - i ) 0 " 5 " ' - ' ^ ^ ^ ! ! ^ (6-30) 
t = tn n 




