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Chapterr  4 

Incomee Patterns of the 
Elderl y y 

Onee of the most obvious determinants of elderly labour force participation is income. 
Ann economic analysis of retirement from the labour force can not be conducted 
withoutt a good measure of the financial opportunities and incentives with which 
workerss are confronted. Not only at the time of actual retirement, but also before 
andd after this decision. Relevant questions are therefore: How do wages develop 
withh age for elderly workers? Which financial opportunities for retirement can be 
identified?? What is the structure and level of benefit levels? And how do they 
dependd on labour market history and wage income? 

Thiss chapter provides an empirical analysis of income patterns of elderly indi-
vidualss under different circumstances and labour supply decisions. It starts with 
aa wage equation that is used to construct wage profiles between ages 40 and 65. 
Thesee estimates not only serve as compensation profile for employment, but also as 
basicc input for benefit and pension programmes in case of retirement. The struc-
turee and level of the main benefit and pension programmes are treated in section 
4.2.. Estimated income profiles for different retirement situations, and retirement 
incentivess from the structure of wage, benefit and pension profiles, are presented in 
sectionn 4.3. 

4.11 Wages and Labour Participation 

Inn microeconomic studies of retirement, the dominant role of income is evident. 
Mostt studies use wage rates and either retirement benefits or replacement rates to 
representt financial incentives for retirement decisions. However, observed micro-
dataa on income are censored in at least two ways. Firstly, retirement considerations 
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off  workers do not only depend on observed wages, but also on unobserved (future) 
retirementt benefits. Since benefits are in most cases some function of earned wages, 
retirementt decisions involve wages beyond the observed time period. Secondly, 
individualss observed as retired may have different potential wage and benefit levels 
thann individuals observed as employed. Careful estimation of wage and benefit 
levelss should therefore account for this endogenous relationship between income 
andd labour participation. 

Whenn estimated values of wages and benefits are used as key determinants for 
retirementt behaviour, special attention should be given to growth rates. Wage 
growthh does not only affect the opportunity costs of leisure, but also determines 
thee level of retirement benefits, both which affect the retirement decision. For 
instance,, non-linearity's in the wage profile, and therefore non-linearity's in the 
patternn of expected retirement benefits, result in financial incentives for retirement 
att particular ages. In this chapter, these considerations are incorporated in the 
estimationn of a three period wage equation for elderly workers. 

4.1.11 Determinants of Wages 

Thee first determinant of wage levels that comes to mind, is investment in human 
capitall  through education or training. More education leads to higher productivity, 
whichh in a competitive labour market leads to higher wages. Human capital in the 
formm of knowledge and skills has a role that is similar to that of physical capital in a 
productionn function. Becker (1964) made a distinction between general human cap-
ital,, which is transferable between occupations, and specific human capital, which 
consistss of job specific knowledge that can be lost with a change in jobs. Human 
capitall  can be approximated by the level of schooling, which largely determines 
thee starting age and starting wage in the labour market, and by the amount of 
on-the-jobb training, experience in the labour market, tenure, and age. 

Mincerr (1974) gave the human capital theory its empirical foundation by esti-
matingg age-earnings profiles. From a theory of optimal investments in schooling, 
inn which the amount of schooling is chosen such that its marginal rate of return is 
equall  to that on other investments, he showed that investments in human capital 
leadd to lower initial earnings but also to a higher growth in earnings from then 
on.. This way, more educated workers eventually have higher earnings than less 
educatedd workers, although they start to work later in life. Mincer called this the 
overtakingovertaking effect. In general, earnings grow over the first part of the life cycle as 
moree human capital is accumulated, but this growth decreases as the optimal level 
off  investments decreases. Towards retirement, earnings could even fall if the rate 
off  investments falls below the depreciation of the existing stock of human capital. 

Thee estimation of the return to investments in human capital by the estimation 
off  earnings profiles is not straightforward. Mincer and Jovanovic (1981) point out 
thatt in the presence of job mobility, both labour market experience and tenure must 
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bee considered at the same time. Tenure picks up the returns to specific human 
capitall  accumulation and labour market experience the returns to general human 
capitall  accumulation. However, tenure may also pick up the effect of an increased 
qualityy of the match between the employer and the employee. Bartel and Borjas 
(1981)) emphasise different causes of job mobility to explain differences in wage 
growth.. They point out that one has to be cautious in interpreting the estimated 
valuess of several variables together. Tenure and job mobility are correlated, and so 
aree the amount of schooling and labour market experience thereafter. Moreover, 
Altonjii  and Shakotko (1987) point out that individual characteristics that induce 
wagee growth might also induce longer tenure, causing spurious correlation between 
thee two. 

Inn a reinterpretation of the Mincer human capital earnings function, Willi s 
(1988)) points out that it is based on the perhaps overly restrictive assumption of 
equalityequality of comparative advantage. This assumption states that individual learning 
abilitiess and opportunities, which determine the amount of investments in school-
ing,, are identical up to a factor of proportionality. In addition, it assumes that 
thesee factors are exogenous to the wage level. Willi s argues that differences in indi-
viduall  abilities and opportunities are not only responsible for differences in human 
capitall  investments, but also affect wage levels directly. He points at selection into 
thee most preferred alternative that individuals have available. This either causes 
censoredd observations when not all available choice opportunities are observed, or 
biasedd comparisons between individuals when income variables are endogenous to 
thiss selection process. 

Apartt from the human capital theory, there are other arguments for including 
educationn in the wage equation. Filer, Hamermesh and Rees (1996) suggest that a 
diplomaa may work as a sheepskin, where more educated workers receive higher pay 
evenn if education per se has no effect on worker productivity. Education may also 
servee as a screening device in cases of asymmetric information, to indicate skills like 
self-disciplinee and motivation, or as a signalling device for unobserved abilities. A 
basicc assumption of the signalling theory is that education is more costly to obtain 
forr low ability individuals than for high ability individuals (see for instance Arrow, 
1973).. Following Card (1994), the relation between log wages and years of schooling 
iss linear. Evidence for this in case of elderly workers is shown in figure 4.11. Most 
wagee growth due to investments in education is likely to occur at earlier ages. 

CompensatingCompensating wage differentials 

Thee term compensating wage differentials is used to denote the amount to which 
wagess have to be increased to compensate workers for unpleasant job attributes. 
Rosenn (1974) showed that with different values for these attributes by workers, and 

11 Most profiles and distributions in this section are illustrated by non-parametric estimates, for 
whichh a Normal kernel is applied with band-widths that are chosen for illustrative purposes only. 
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Figuree 4.1: Non-parametric Estimates of Earnings Profiles by Level of Education 

differentt abilities to offer combinations of pay and working conditions by employers, 
eachh disamenity has a price in the labour market by an increase in wages. Dangerous 
andd unpleasant job conditions most clearly influence the utilit y value of the job 
andd must therefore be compensated for to attract workers. Job attributes may 
bee represented by sector types, since sectors differ by the requirements for skills, 
theirr economic performance, the pay-off from investments in human capital, and 
thee organisational structure, all affecting the extend to which differences between 
demandd and supply of labour are compensated for. 

EfficiencyEfficiency wages 

Thee human capital theory is based on the notion that differences in productivity 
resultt in differences in wage levels. The efficiency wage theory, explained by for 
examplee Akerlof and Yellen (1986), uses the opposite notion and argues that wage 
growthh induces growth in productivity levels. Efficiency wages induce workers to 
choosee the proper amount of effort and avoid situations in which they quit, shirk 
orr otherwise interfere with production (Alchian and Demsetz, 1972). Becker and 
Stiglerr (1974) show that steep earnings profiles over tenure may act as incentive 
schemess to avoid shirking, as they make outside opportunities less attractive. Since 
largerr companies have more difficulties in monitoring their employees, they are 
expectedd to offer higher wages to defer workers from shirking. Figure 4.2 offers 
evidencee for this. Higher wages raise welfare levels, may attract higher quality 
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jobb applicants and minimise turnover costs, which consist of search costs, loss of 
productionn and loss of specific human capital. Krueger and Summers (1988) find a 
strongg negative relation between industry wages and turnover, suggesting that high 
payingg industries reduce their turnover costs. 
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Figuree 4.2: Non-parametric Estimates of Earnings Profiles by Company Size 

Too encourage workers not to quit too soon, firms may offer wages that are lower 
thann the marginal product early in a worker's career, and higher than the marginal 
productt later in a career. This compensation scheme is attractive to employees if 
thee resulting lifetime earnings are at least as high as the alternative (Montgomery, 
Shaww and Benedict, 1992). Lazear (1979) used this idea to explain the existence 
off  pensions and the need for mandatory retirement. In the efficiency wage theory, 
changess in wages do not necessarily reflect changes in the marginal productivity of 
workers,, and therefore allows for an implicit contract theory instead of a basic spot 
markett assumption. Beaudry and DiNardo (1991) find that an implicit contract 
modell  with free mobility describes the relation between wages and past labour 
markett experience better than a spot market model. 

Cohort,Cohort, time and gender 

Differencess in wage levels can also partly be attributed to differences in year of birth 
(cohort),, differences between times at which wages are observed, and gender differ-
ences.. Since cohorts vary in size, they vary in labour market power. Hanoch and 
Honigg (1985) argue that different cohorts experience the same (economic) shocks at 
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differentt moments in life, explaining part of the wage differentials. Economic condi-
tionss lead to wage differences between periods. For instance, higher unemployment 
mayy reduce the return to labour, since lower wages are required to prevent work-
erss from shirking. With high market profits, an upward pressure on wages exists. 
Businesss cycle indicators may therefore explain much of the difference in wages be-
tweenn years of observation, but can be correlated with birth cohorts. Meghir and 
Whitehousee (1996) try to solve this problem by instrumenting the business cycle 
indicator,, regressing U.S. unemployment rates on U.K. unemployment rates. The 
relationn between wages and gender can partly be explained by differences in labour 
markett size and experience, but social factors may play a role as well. 

B B 
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Figuree 4.3: Stylised Representation of a Typical Age-Earnings Profile 

Wagee formation in the Netherlands 

Whenn analysing wage levels and wage growth in the Netherlands, one can not ignore 
thee way in which wage formation is organised. The Dutch system of labour relations 
iss highly institutionalised, including a wide coverage of collective agreements, which 
forr the largest part consist of sector agreements rather than company agreements. 
Thiss means that individual employers only have a limited influence on the level 
andd growth of wages. In a study of Dutch wage rates, Hartog, Opstal and Teulings 
(1995)) find no cohort effects but strong age effects that are more important than 
labourr market experience. Wages mainly depend on occupation specific career pro-
filess and mobility between these profiles, as illustrated in figure 4.3. The widespread 
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usee of central labour agreements largely determines the starting wage level A, which 
iss generally affected by age, educational level, occupation, sector type, specific func-
tionall  requirements or working conditions, and the business cycle. The slope of the 
wagee profile typically depends on tenure, occupation and the business cycle. A 
promotionn can shift the wage level to B, which has the same determinants as A, 
pluss the number of years of previous labour market experience. A change in jobs 
mayy affect the slope of the wage profile as well. These theoretical and institutional 
considerationss are combined with empirical facts in the specification of the wage 
equationn below. 

4.1.22 Data on Wage Levels, Distr ibut ion and Growth 

Figuree 4.4 shows average net hourly real wage levels by age in the CERRA data, 
distinguishedd by year of observation. All wage rates are expressed in 1993 Dutch 
guilders.. Wage growth with age (along the curves) is small for 1991 and 1993 but 
strongg for 1995. Wage growth over time (between the curves) appears to be strong 
forr 1995. The large difference in growth may be attributed to the stronger economic 
growthh between 1993 and 1995, but could also reflect self-selection, in which case 
moree low wage than high wage workers have retired between 1993 and 1995. 
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Figuree 4.4: Non-parametric Estimates of Average Wage Levels 

Thee variance in wage increases over time, as illustrated by the wage distribu-
tionss of figure 4.5. It means that wage inequality increases among workers in the 
CERRAA data. Since these data are taken from a panel of respondents, high wage 
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individualss must have experienced larger wage growth than low wage individuals, 
orr alternatively, more low wage individuals have left employment than high wage 
individuals.. These observations suggest that age and occupation, the t ime at which 
individualss are observed, and the way the data is collected, are determining factors 
forr the observed level and growth of wages. 

Sincee pensions and benefits depend on wages, the growth in wages over t ime 
andd with age is impor tant for retirement behaviour. Figure 4.6 shows distr ibutions 
off  wage growth in the CERRA data for two periods. The mean growth between 1991 
andd 1993 is 6%, and 9% between 1993 and 1995. The standard deviations for the 
twoo periods are 24% and 36% respectively. It must be kept in mind that these 
growthh rates are crude measures of true wage growth, due to self-selection. 

4.1.33 A Statistical Wage and Labour Participation Model 

Inn this section, a model is presented that enables the production of reliable wage 
est imatess for all individuals in the sample at all relevant ages2. Since the dynamics 
inn wage profiles are impor tant for individual retirement decisions, the problem sug-
gestss a model of wage growth. However, wage growth models can not produce wage 
levell  estimates for individuals in the sample who do not report any wages, either 
duee to report ing errors or simply because they did not part icipate in labour during 
thee survey years. An equation for wage growth must therefore be accompanied by 
ann equation for wage levels. 

Effortss to est imate a model of wage growth have produced disappointing results. 
Hardlyy any of the explanatory variables was significant, both when stated in levels 
andd differences, and the fit of the model was poor. Four possible explanations 
cann be given for this. Institutionalisation of the wage formation may cause wages 
too grow independently from individual characteristics. Secondly, if wage growth 
iss approximately linear, than all explanation is captured by the intercept term. 
Thirdly,, when using wage growth and thereby wage differences, there is a large 
reductionn in the number of observations, since a large fraction of individuals does 
nott report wage levels in two consecutive surveys. And finally, reporting errors have 
aa larger effect on the relative size of wage differences than on wage levels, causing 
thee measure of wage growth to be less reliable. 

Ass a result, the model presented in this chapter consists of a standard wage 
equationn in which the logari thm of the net hourly real wage rate is explained by the 
variabless discussed in section 4.1.1. Wages are taken as real to abstract from price 
inflation,, per hour to abstract from differences in working hours and in net values to 
complyy with the assumed equality between lifetime net income and consumption in 
thee consumption-leisure framework of chapter 2. Taking the logarithm of the wage 
ratee is motivated by the approximately log-normal form of the wage distr ibution, as 

2Relevantt ages for the retirement models in chapters 5 to 7 are between 41 and 65. 
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depictedd in figure 4.53, and the approximately linear relation between log earnings 
andd many of the explanatory variables, for example the level of education in figure 
4 .1.. However, est imation of the wage equation in this form is not feasible, due to 
identificationn problems, and would produce biased estimates. The factors responsi-
blee for this can roughly be divided into four categories: sample selection, individual 
effects,, age, cohort and t ime effects, and attr i t ion. These issues are discussed below. 

SampleSample selection 

AA basic economic hypothesis of rational behaviour is that agents always select the 
mostt preferred alternative from a set of opportunit ies. This selection process with 
respectt to labour supply and job choice may affect the wage level and must therefore 
bee used as an explanatory factor to obtain unbiased estimates. However, when wages 
inn turn influence the selection process, the wage level and the selection process must 
bee modelled jointly . There are several selection processes that can be endogenous 
too observed wages. Examples that are treated in the l i terature are choice of sector, 
levell  of unemployment (Meghir and Whitehouse, 1996), and in the case of panel 
data,, selection into survey participation or attr i t ion. The selection process that 
deservess most attent ion when observing elderly workers is the selection into work 
andd retirement. Wages are only observed for workers, with different probabil i t ies of 
labourr part icipat ion than retirees, part ly caused by a difference in potential wage 
levels.. Both processes must therefore be treated jointly to avoid sample selection 
biasess in the parameter estimates. The relation between wage levels and partici-
pat ionn probabil it ies is also present when low wage workers have different dismissal 
ratess than high wage workers. 

Thee existence of a selectivity bias was first elaborated by Roy (1951) in an effort 
too model the choice between two levels of schooling. He showed that the expected 
wagee income is conditional on the level of schooling in a way that is not directly 
observed,, and therefore ends up in the error term of the wage equation. Ordinary 
Leastt Squares est imation of the wage equation would result in biased est imates. 
Heekmann (1979) produced a simple mathemat ical specification to include selection 
fromm labour force part icipat ion in the wage equation, using the inverse Mill' s rat io 
ass explanatory factor4. Following Keane, Moffit t and Runkle (1988) and using a 

3Comparingg log wages in the data with a normal distribution with mean 2.9483 and standard 
deviationn 0.31 using a Kolmogorov-Smirnov test, the log-normal distribution of wage levels can 
nott be rejected. This assumes a probability of only 1 percent that the log-normal hypotheses 
iss rejected while log wages are in fact normally distributed. The test results show a maximum 
differencee of 0.0226, where the critical values for 5 and 1 percent two-sided unreliability are 0.0221 
andd 0.0265 respectively. 

Heekmann and Sedlacek (1985) extend this model to include more general specifications of the 
optimisationn process and error terms. Willi s and Rosen (1979), Willi s (1986) and Card (1994) 
treatt several kinds of sorting mechanisms that may explain the difference between observed and 
expectedd wage levels. 
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panell  data set on N individuals (i = 1, .  ., N) who are observed for T periods 
off  time (t = 1, .. ., T), sample selection can be included in the specification of a 
statisticall  model for wages by 

hiyhiyitit = X'it0 + tit (4.1) 

AAmm
itit = Z'it6 + vit (4.2) 

f ll  i f ^ X ) , 4 3 ) 
AA**-\**-\  0 if A?*  <o 

wheree yn is the net hourly real wage rate for individual i at time t, An a dummy 
variablee indicating whether individual i is employed at time t, Xn and Zu are 
vectorss of explanatory variables, and /? and 6 their associated parameter vectors. 
Thee error terms £,-t and vn are assumed to follow a bivariate Normal distribution, 
allowingg for cross-correlation. 

IndividualIndividual effects 

Inn addition to correlation between the error terms that capture unexplained inciden-
tall  wage fluctuations, a more long lasting correlation between unobserved individual 
specificc attributes may exist. Earlier it was argued that unobserved individual at-
tributes,, such as (learning) abilities, can be important determinants of wage growth, 
butt one may also think of unmeasured economic and social individual circumstances 
thatt affect wage levels over the life cycle. The same holds for participation, where 
unobservedd time-invariant attributes make retirement more or less attractive to in-
dividuals.. The error terms in the model can therefore be restated into time-invariant 
individualindividual effects and nuisance parameters as 

Zit=<*iZit=<*i  + eit (4-4) 

VixVix ~ H + flu (4-5) 

Clearly,, to identify the individual effects c*j and ji  or the parameters of their dis-
tribution,, multiple observations of individuals are needed, i.e. panel data. If the 
unobservedd individual effects are treated as fixed effects, then a separate constant 
forr each individual must be implicitly or explicitly included in the estimation proce-
dure.. The major drawback of this approach is that all individuals who are observed 
too be employed for only one year or always unemployed must be excluded from the 
sample.. Sample exclusions are reflected by a conditioning of probabilities in the 
likelihood,, see Keane, Moffit t and Runkle (1988). 

Thee much more flexible random effects model produces consistent estimates as 
longg as the individual specific terms are uncorrected with the observed explana-
toryy variables. This model also allows for estimation of the correlation between 
individuall  specific effects in the wage and in the participation equation. Assum-
ingg independence between the individual effect, the nuisance parameter and the 
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explanatoryy parameters in each equation, the distribution of the error terms is 
specifiedd as 

(<*i(<*i ttyi,eit,t*it)~N(Q,Q)yi,eit,t*it)~N(Q,Q) (4.6) 

where e 

a\a\ aay 0 0 

n== °* ° ° 
"i"i  "<» 

°l °l 
Thee covariance between e and /i is further specified as a€ti = pVe&n to allow es-
timationn of p and ae. The likelihood functions for the model with and without 
individuall  effects, which result from this specification of the error terms, are pre-
sentedd in appendix 4.B. 

IdentificationIdentification of age, cohort and time effects 

Inn the wage equation of this chapter, the effects of age, cohort and time are esti-
matedd together. Time effects are cyclical shocks that affect all age groups in the 
populationn at the same time. Cohort effects are lasting influences of events that 
affectt individuals at different ages. For wages they capture differences in productiv-
ityy due to the cohort specific amount and quality of education, the relative size of 
thee cohorts and economic shocks that are shared by individuals of the same cohort. 
Puree age effects are presumed to result in a stable life cycle profile for all periods 
andd for all cohorts. Precise estimation of the age effect is especially important when 
projectingg wage profiles that extend well beyond the period of observation. 

Hanochh and Honig (1985) point out that there is no way of discriminating be-
tweenn cohort and age effects in a cross-section analysis, but that panel data allow 
forr the identification of each effect separately. However, it does still not allow for 
thee identification of a separate and pure time effect. To overcome this problem, 
growthh in the per capita Gross Domestic Product is used in this study as a time-
varyingg variable, which represents the business cycle. This way, separate estimates 
aree obtained for the effect of age, cohort and the business cycle (time). 

Attrition Attrition 

Nott all individuals are observed at all periods in the survey, due to attrition. If 
attritionn is distributed randomly over the population, it does not affect estimated 
parameterr values. If attrition is correlated with the wage level, the observed wage 
distributionn is censored. Since the costs to complete the survey are higher for high 
wagee individuals, there can be a relation between wage level and attrition. However, 
fromm a simple test of attrition bias below, it is concluded that this form of selectivity 
doess not affect the estimation results. 

(4.7) ) 
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AvailableAvailable data 

Dataa for the wage equation are taken from the CERRA survey. The panel character 
off  the survey is used explicitly. Net hourly real wages in 1991, 1993 and 1995 are 
constructedd from reported wages and numbers of hours worked for most workers 
inn the survey, providing 3781 wage observations. For individuals that report gross 
wages,, these are converted into net wages, using the relevant tax rules for each year. 
Al ll  wage rates are deflated by the consumer price index and are expressed in 1993 
guilders.. Hourly wage rates of less than 5 or more than 50 guilders are excluded 
fromm the analysis. The analysis includes 5151 observations of workers, of which 
13700 have no data on wages, and 3772 observations of non-workers. This amounts 
too a total of 8923 observations concerning 3411 individuals. Individuals that were 
neitherr employee nor retired (567), or had item non-response on age (68), tenure 
(118)) or labour market experience (563), have been excluded from the sample. Table 
4.11 shows means and standard errors of selected variables. Details on the definition 
off  variables can be found in appendix 4.A. 

Tablee 4.1: Means and Standard Errors of Selected Variables 

Variable e 

Nett Hourly Real Wage 
Ret i rementt Age 

Age e 
Tenure e 
Previouss Experience 

Star t ingg Age 
Numberr of Children 

NumberNumber of Observations 

AllAll  Observations 

mean mean 

54.70 0 
17.66 6 
14.78 8 

33.45 5 
0.72 2 

error error 

5.70 0 
10.84 4 

10.24 4 
10.23 3 

1.01 1 

8923 3 

Workers Workers 

mean mean 

20.42 2 

52.08 8 
18.23 3 

14.88 8 
33.86 6 

0.99 9 

error r 
6.90 0 

5.17 7 
10.23 3 

10.13 3 
9.95 5 

1.11 1 

5151 1 

Non-Non- workers 

mean mean 

51.77 7 

58.28 8 
16.90 0 

14.64 4 
32.88 8 

0.38 8 

error r 

9.80 0 

4.27 7 
11.58 8 

10.40 0 
10.56 6 
0.71 1 

3772 2 

Tablee 4.1 shows that the last job before retirement is often the main lifetime 
job,, with tenure exeding previous labour market experience. On average this job is 
startedd around age 33 for both workers and non-workers. Although non-workers are 
observedd to be older, their average retirement age is lower than the age of workers, 
whoo on average have not retired by age 52. This points at a distinction between 
eariyy retirees and older workers. It suggests the presence of sample selection, in 
whichh case the distribution of wages may differ significantly between both groups. 
Fromm observed labour market histories it can be concluded that the average age at 
whichh these individuals have entered the labour market is around 18. 

Tablee 4.2 shows percentages of individuals with particular personal characteris-
tics.. On average, workers are educated more and in better health conditions than 
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non-workers.. Health problems are defined as those that limi t the possibility of paid 
labour.. One out of every three non-workers has a health condition that interferes 
withh work. The importance of health for retirement decisions justifies a separate 
treatmentt (see chapter 6). The percentages for different birth cohorts show that 
mostt people between ages 60 and 69 have retired by 1995 (76 percent). Individuals 
betweenn ages 55 and 59 are still in the process of retirement (31 percent). For 
youngerr cohorts, non-participation is small (15 and 9 percent). Since only heads 
off  household are considered, female labour participation is not as low as the table 
suggests.. Still the percentages point at differences in preferences and opportunities 
betweenn men and women. Table 4.2 further shows that 21.6 percent of workers and 
38.66 percent of non-workers is single. Most partners are not employed, but partners 
off  non-workers participate even less in labour activities than partners of workers, 
suggestingg correlation between retirement decisions. 

Tablee 4.2: Percentages of Individuals with Particular Personal Characteristics 

Va.ria.ble Va.ria.ble 

Educat ion n 
Pr imaryy General 
Pr imaryy Vocational 

Secondaryy General 
Secondaryy Vocational 
Higherr General 
Higherr Vocational 
Academic c 

Healthh Problems 

19266 - 35 Cohort 

19366 - 40 Cohort 
19411 - 45 Cohort 
19466 - 55 Cohort 
Female e 

Workingg Par tner 
Retiredd Par tner 

NumberNumber of Observations 

AHAH Observations 

17.6 6 
21.9 9 
13.6 6 

15.6 6 
4.9 9 

18.1 1 
5.9 9 

15.6 6 

37.0 0 
36.0 0 
11.5 5 
15.4 4 
16.7 7 

23.1 1 
48.2 2 

8923 3 

Workers Workers 

12.3 3 
21.6 6 
13.0 0 

16.6 6 
5.2 2 

21.5 5 
8.2 2 
3.3 3 

15.5 5 
43.3 3 
16.9 9 
24.4 4 
11.3 3 
31.5 5 

46.9 9 

5151 1 

Non-workers Non-workers 

24.9 9 
22.4 4 
14.5 5 

14.2 2 
4.4 4 

13.5 5 
2.7 7 

32.4 4 

66.5 5 
26.1 1 

4.2 2 
3.3 3 

24.2 2 
11.6 6 

49.8 8 

3772 2 

Tablee 4.3 shows percentages of individuals with particular job characteristics. 
Jobb characteristics of non-workers concern their last job. Differences in the distribu-
tionn of workers and non-workers between sectors are small. They can be explained 
byy changing sector sizes and differences in working conditions. Agriculture, fish-
ingg and mining decrease in size, while services grow. The construction sector is 
notoriouss for the high number of workers who retire into disability. Differences by 

http://Va.ria.ble
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Tablee 4.3: Percentages of Individuals with Specific Job Characteristics 

Variable e 

Sectorr Type 
Agricul turee and Fishing 

Mining g 
Heavyy Industr ies 
Lightt Industr ies 
Util it yy Companies 
Construct ion n 
Cater ing g 
Transport t 
Financiall  Services 
Otherr Services 

Publicc Sector 
Companyy Size 

11 to 5 employees 
66 to 50 employees 
>> 50 employees 

Occupat ionall  Level 

Bluee Collar Low 
Bluee Collar High 
Whi tee Collar Low 
Whi tee Collar High 

Supervision n 
none e 
overr 1 to 4 employees 
overr 5 to 49 employees 
overr > 49 employees 

Workingg Condi t ions 
T imee Pressure 
Dirt yy Work 
Dangerouss Work 
Dangerouss Materials 
Physicall  Exert ion 
Heavyy Liftin g 
Kneelingg and Bending 

Mentall  Exert ion 
Intensee Concentrat ion 
Stress s 

Overt imee Work 

AllAll  Observations 

1.5 5 
0.3 3 
9.8 8 
9.9 9 
1.6 6 
9.4 4 

13.0 0 
6.2 2 
7.9 9 

34.2 2 
34.3 3 

11.0 0 
28.9 9 
60.1 1 

27.3 3 
8.3 3 

12.1 1 
46.3 3 

55.7 7 

14.4 4 
26.2 2 

4.7 7 

12.1 1 
14.9 9 
9.1 1 
7.3 3 

21.5 5 
15.7 7 
28.4 4 
72.7 7 

70.7 7 
48.4 4 

40.4 4 

Workers Workers 

1.1 1 
0.2 2 
9.1 1 
9.4 4 
1.5 5 

7.5 5 
13.0 0 

6.1 1 
9.2 2 

36.5 5 
35.4 4 

8.2 2 
28.6 6 
63.2 2 

21.6 6 
8.2 2 

11.0 0 
52.2 2 

53.4 4 

15.3 3 
26.3 3 

5.0 0 

9.1 1 
12.0 0 

7.4 4 
6.3 3 

15.3 3 
10.0 0 
22.7 7 
75.9 9 

72.0 0 
45.9 9 
36.7 7 

Non-Non- workers 

2.0 0 
0.4 4 

10.7 7 
10.5 5 

1.7 7 

12.0 0 
13.0 0 

6.4 4 
6.1 1 

31.0 0 
32.9 9 

14.7 7 
29.3 3 
56.0 0 

35.1 1 
8.4 4 

13.6 6 
38.2 2 

56.5 5 
13.3 3 

26.0 0 
4.2 2 

16.1 1 
18.8 8 

11.4 4 

8.6 6 
30.1 1 
23.5 5 

36.3 3 
68.3 3 
68.8 8 
51.9 9 

45.4 4 

Numberr of Observations 8923 5151 3772 
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occupationall  level point to longer employment in higher functions. This can be 
explainedd by higher levels of productivity and the demand for higher skilled labour 
ass sectors change to more human capital intensive production regimes. The list 
off  working conditions proves that infavourable conditions are an important reason 
forr retirement. It is interesting that more workers than non-workers report mental 
exertionn and the need for intense concentration on the job. These conditions do not 
seemm to be a reason for non-participation or are easily forgotten after retirement. 

EstimationEstimation results 

Keane,, Moffit t and Runkle (1988) note that if the level of potential wage income 
determiness the supply of labour, then all explanatory variables in the wage equa-
tionn should enter the participation equation, i.e. Xn should be a subset of Zu in 
equationss (4.1) and (4.2). But participation can also be explained by variables not 
affectingg the wage level, like alternative sources of income, eligibility for retirement 
benefits,, the presence of a partner and the number of children. Different specifica-
tionss of the wage and participation equations are tested in which these considera-
tionss are taken into account. Tables 4.4 and 4.5 report the final estimation results 
forr three different models. First, the wage equation is estimated by Ordinary Least 
Squaress and participation by a Probit equation, assuming no correlation between 
wagess and participation (p — 0) and no individual specific effects (a\ = 0:2 = 0: and 
jiji  = 72 = 7). Next, wages and participation are estimated jointly by Maximum 
Likelihood,, allowing for correlation (p ^ 0) but with no individual effects. Finally, 
thee full model with random effects is estimated by Maximum Likelihood. Estimated 
constants,, individual effects and the correlation parameter p are reported in table 
4.7.. To identify the model it is assumed that a  ̂ = 1. For an interpretation of the 
estimationn results, the focus is on the full random effects model. 

Thee parameter values expressing human capital effects in the wage equation 
showw large returns to education. Workers with more education receive higher wages, 
amountingg to a 43.6 percent difference between academics and workers with primary 
educationn only. From age 40 on, wages increase by 0.61 percent for every additional 
yearr of tenure. Wages also rise with the age at which people start their job up to 
agee 43, and decline from then on. Since more educated individuals enter the labour 
markett at higher ages and have more job opportunities, the parameters for starting 
agee may reflect indirect returns to education. However, workers who start a new job 
att age 43 only earn 3.7 percent more than when they would start their job at age 
25.. The influence of labour market experience is insignificant. Except for increasing 
humann capital, labour market experience may express the depreciation of general 
humann capital, or the 'wrong' kind of specific human capital, reducing productivity 
att a new job. Together these results support the view that most wage growth takes 
placee early in a career, at least before age 40, and that wage differences are mainly 
determinedd by the level of general human capital. 
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Tablee 4.4: Estimation Results for the Wage Equation 

Variabie e 

Educat ion n 
Pr imaryy Vocational 
Secondaryy General 
Secondaryy Vocational 
Higherr General 
Higherr Vocational 

Academic c 
Tenure/10 0 
Previouss Experience/10 

Star t ingg Age/ io 
(Star t ingg Age)2/ l000 

Sectorr Type 
Mining g 
Heavyy Industr ies 
Lightt Industr ies 

Transport t 
Financiall  Services 
Otherr Services 

Publicc Sector 
Companyy Size 

66 to 50 Employees 

>> 50 Employees 
Occupat ionall  Level 

Bluee Collar High 
Whi tee Collar Low 
Whi tee Collar High 

Supervision n 
11 to 4 Employees 
55 to 49 Employees 
>> 49 Employees 

Workingg Condit ions 
T imee Pressure 
Dangerouss Materials 

Heavyy Liftin g 
Kneelingg and Bending 

Mentall  Exert ion 
Over t imee Work 

G DPP (Time Effect) 

19366 - 40 Cohort 
19411 - 45 Cohort 
19466 - 55 Cohort 
Female e 

OLS OLS 
estimate estimate 

-0.003 3 

0.072* * 
0.087* * 
0.186* * 
0.197* * 
0.353* * 

0.065* * 
-0.013 3 
0.118* * 

-0.109* * 

0.203* * 

0.036* * 

-0.029* * 
-0.065* * 
0.046* * 

-0.044* * 

-0.016 6 

0.069* * 

0.096* * 

0.047* * 

0.006 6 
0.109* * 

0.035* * 
0.042* * 
0.102* * 

-0.045* * 
0.053* * 

-0.041* * 

-0.043* * 
0.050* * 

-0.076* * 
0.273* * 
0.011 1 
0.019 9 
0.009 9 

-0.147* * 

error error 

0.015 5 
0.018 8 
0.017 7 

0.024 4 
0.018 8 

0.024 4 

0.031 1 

0.012 2 
0.046 6 
0.042 2 

0.100 0 

0.017 7 

0.016 6 
0.020 0 
0.017 7 

0.015 5 

0.013 3 

0.018 8 
0.017 7 

0.018 8 

0.016 6 
0.012 2 

0.013 3 
0.011 1 

0.021 1 

0.015 5 
0.018 8 
0.017 7 
0.013 3 

0.011 1 
0.010 0 
0.120 0 
0.019 9 

0.033 3 
0.046 6 

0.016 6 

NoNo Ind. 

estimate estimate 

-0.003 3 
0.072* * 
0.087* * 
0.186* * 
0.199* * 
0.353* * 

0.067* * 
-0.014 4 
0.123* * 

-0.111* * 

0.202* * 
0.036* * 

-0.029* * 
-0.064* * 
0.046* * 

-0.041* * 

-0.018* * 

0.069* * 
0.097* * 

0.048* * 
0.006 6 

0.110* * 

0.035* * 
0.041* * 

0.101* * 

-0.045* * 
0.053* * 

-0.041* * 
-0.043* * 
0.050* * 

-0.076* * 
0.259* * 
0.012 2 
0.021 1 
0.012 2 

-0.148* * 

Effects Effects 

error error 

0.015 5 
0.018 8 
0.017 7 

0.024 4 
0.018 8 
0.025 5 

0.031 1 
0.013 3 
0.048 8 

0.042 2 

0.100 0 
0.017 7 

0.016 6 
0.020 0 
0.017 7 
0.015 5 

0.013 3 

0.018 8 
0.017 7 

0.017 7 
0.016 6 
0.012 2 

0.013 3 
0.011 1 
0.021 1 

0.015 5 
0.018 8 
0.017 7 
0.013 3 
0.011 1 
0.010 0 
0.120 0 

0.019 9 
0.033 3 
0.046 6 
0.016 6 

RandomRandom Effects 

estimate estimate 

-0.003 3 
0.091* * 
0.091* * 

0.211* * 
0.220* * 

0.362* * 
0 .061* * 
0.002 2 
0.099* * 

-0.116* * 

0.187* * 
0.029 9 

-0.027 7 

-0.076* * 
0.045* * 

-0.039* * 

-0.011 1 

0.079* * 
0.115* * 

0.055* * 
0.012 2 
0.091* * 

0.028* * 
0.035* * 
0.081* * 

-0.051* * 
0.064* * 

-0.065* * 
-0.044* * 
0.032* * 

-0.074* * 
0.290* * 
0.020 0 
0.019 9 
0.016 6 

-0.142* * 

error r 

0.017 7 
0.019 9 
0.018 8 
0.026 6 
0.020 0 
0.027 7 

0.035 5 
0.011 1 

0.052 2 

0.047 7 

0.089 9 
0.019 9 
0.018 8 

0.022 2 
0.019 9 
0.016 6 

0.014 4 

0.019 9 
0.019 9 

0.018 8 
0.016 6 
0.013 3 

0.013 3 
0.012 2 
0.023 3 

0.016 6 
0.018 8 
0.020 0 
0.013 3 

0.012 2 
0.010 0 
0.120 0 

0.022 2 
0.037 7 
0.052 2 
0.018 8 

* :: significant at the 5 percent level; * :: significant at the 10 percent level 
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Thee maximum compensating differentials by sector can be found for mining 
(20.66 percent higher wages), which obviously reflect sector specific working condi-
tions,, and transport (7.3 percent lower wages), which is one of the most competitive 
sectorss in the Netherlands. Public sector workers are not significantly paid less than 
privatee sector workers in similar jobs. The mark-up on wages for high skill profes-
sionss compared to low skill professions, is 5.7 percent for blue collar workers and 
9.55 percent for white collar workers. If an employee supervises other employees, he 
orr she receives an extra bonus that varies from 2.8 percent (for 1 to 4 employees) 
too 8.4 percent (for more than 49 employees). Workers are compensated for working 
conditionss that produce disutility, but the results show wage disadvantages as well. 
Individualss are on average best compensated for working with dangerous materials 
(6.66 percent higher wages), while the maximum wage disadvantage comes from over-
timee work (7.1 percent lower wages). This could be explained by low compensation 
forr extra working hours5. Wage disadvantages for heavy lifting, and for kneeling 
andd bending seem to express compensating differentials for a lower occupational 
levell  rather than for working conditions. 

Thee observed wage differences by company size may be explained by efficiency 
wagee effects as discussed in section 4.1.1. Higher wages may result in a larger pool 
off  job applicants, or they may induce workers to supply more effort. With modestly 
increasingg wage profiles and a 10 percent wage gap between the smallest and largest 
companies,, it seems that avoiding shirking is less relevant for wage differences than 
thee ability to attract good workers. 

Thee parameter for time indicates that a one percent increase in Gross Domestic 
Productt results in a 0.29 percent increase in real net wages. Due to a 14 percent 
increasee in GDP between 1991 to 1995, real wages have increased by 4.1 percent 
onn average. In comparison, the average wage growth between 1991 and 1995 that 
resultss from an increase in tenure, is 2.5 percent. The inclusion of age, education 
andd time in the wage equation leaves no room for significant differences by birth 
cohort.. A possible explanation for insignificant cohort effects is the institutional 
organisationn of the Dutch labour market. Central bargaining agreements treat 
workerss of different generations with the same age and labour market experience as 
identical,, only allowing for marginal differences at the company level. With this in 
mind,, the 13.2 percent wage disadvantage for females, although a common result in 
empiricall  wage studies in the Netherlands, remains puzzling. 

Tablee 4.5 shows that labour participation is mainly driven by tenure, work ex-
perience,, age, educational level, health, and eligibility for early retirement benefits, 
withh some heterogeneity by gender, family circumstances, sector and working con-
ditions.. To get an idea of participation over the life cycle, table 4.6 reports partic-
ipationn probabilities for different ages and starting ages, evaluated at the sample 
mean.. It is assumed that workers enter the labour market at age 18 and participate 

Hourlyy wages are computed using average rather than contractua/ working hours. 
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Tablee 4.5: Estimation Results for the Participation Equation 

Va.iia.ble Va.iia.ble 

Educat ion n 
Pr imaryy Vocational 
Secondaryy General 
Secondaryy Vocational 
Higherr General 
Higherr Vocational 
Academic c 

Training g 
Tenure/10 0 
Previouss Exper ience/ io 
(Previouss Exp. )2/ iooo 
Age/ io o 
Age2/1000 0 
Healthh Problems 
Eligiblee for E.R. 
19366 - 40 Cohort 
1 9 4 1 - 455 Cohort 
19466 - 55 Cohort 

Female e 
Numberr of Chi ldren 
Workingg Par tner 
Ret i redd Par tner 
Sectorr Type 

Construct ion n 
Transport t 

O therr Services 
Publicc Sector 
Companyy Size 

66 to 50 Employees 
>> 50 Employees 

Workingg Condi t ions 

T imee Pressure 
Dirt yy Work 
Dangerouss Work 

Physicall  Exert ion 
Heavyy Liftin g 
Stress s 
Over t imee Work 

Probit Probit 
estimate estimate 

0.190* * 
0.280* * 
0.224* * 
0.754* * 
0.829* * 

1.838* * 
0.693* * 
1.235* * 
0.980* * 
0.614* * 

1.703 3 
-3.769* * 
-1.387* * 
-1.487* * 

0.156* * 
-0.088 8 
-0.160 0 
0.360* * 
0.096* * 
0.417* * 

0.251* * 

-0.214* * 

0.182* * 
0.343* * 

-0.228* * 

0.161* * 
0.153* * 

-0.250* * 
0.135* * 

-0.186* * 

-0.157* * 
-0.209* * 
-0.183* * 

-0.338* * 

error error 

0.063 3 
0.073 3 
0.071 1 

0.109 9 
0.072 2 
0.113 3 
0.080 0 

0.041 1 
0.073 3 
0.178 8 

1.143 3 
1.034 4 
0.064 4 
0.061 1 

0.066 6 
0.119 9 
0.181 1 
0.076 6 
0.025 5 
0.069 9 
0.060 0 

0.074 4 

0.093 3 
0.064 4 
0.061 1 

0.072 2 
0.068 8 

0.064 4 
0.070 0 
0.078 8 

0.067 7 
0.077 7 
0.044 4 
0.045 5 

NoNo Ind. 
estimate estimate 

0.190* * 
0.280* * 

0.224* * 
0.750* * 
0.829* * 
1.839* * 
0.692* * 
1.236* * 

0.982* * 
0.612* * 
1.701 1 

-3.768* * 
-1.387* * 

-1.489* * 
0.157* * 

-0.087 7 

-0.158 8 
0.361* * 
0.096* * 
0.417* * 

0.251* * 

-0.214* * 

0.183* * 
0.343* * 

-0.229* * 

0.163* * 
0.154* * 

-0.249* * 
0.136* * 

-0.186* * 

-0.159* * 
-0.208* * 
-0.183* * 
-0.337* * 

Effects Effects 
error error 

0.063 3 
0.073 3 
0.071 1 
0.109 9 
0.072 2 
0.113 3 
0.080 0 
0.041 1 

0.073 3 
0.178 8 
1.126 6 
1.020 0 

0.064 4 
0.062 2 
0.066 6 
0.119 9 

0.180 0 
0.076 6 
0.025 5 
0.069 9 
0.060 0 

0.074 4 

0.093 3 
0.064 4 
0.061 1 

0.072 2 
0.068 8 

0.063 3 
0.070 0 

0.078 8 
0.068 8 
0.077 7 

0.044 4 

0.045 5 

RandomRandom Effects 

estimate estimate 

0.350* * 
0.378* * 

0.284* * 
0.759* * 
1.118* * 
2.583* * 
0.753* * 
1.927* * 

1.647* * 
0.399 9 
1.973 3 

-5.147* * 
-1.786* * 

-2.418* * 
0.649* * 
0.240 0 
0.175 5 

0.425* * 
0.109* * 
0.532* * 

0.246* * 

-0.359* * 

0.348* * 
0.566* * 

-0.372* * 

0.273* * 
0.389* * 

-0.350* * 
0.272* * 

-0.290* * 
-0.355* * 
-0.551* * 

-0.196* * 
-0.482* * 

error error 

0.125 5 
0.141 1 
0.139 9 
0.197 7 
0.137 7 

0.203 3 
0.116 6 
0.085 5 

0.154 4 
0.343 3 
1.444 4 
1.336 6 
0.113 3 
0.130 0 

0.156 6 
0.224 4 
0.306 6 

0.153 3 
0.047 7 
0.129 9 
0.113 3 

0.147 7 

0.181 1 
0.126 6 
0.121 1 

0.138 8 
0.132 2 

0.126 6 
0.136 6 

0.145 5 
0.125 5 

0.142 2 
0.081 1 

0.089 9 

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

http://Va.iia.ble
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untill  full retirement, resulting in a one to one relation between age, starting age 
andd tenure. Workers with long tenures who start their job early in life have the 
highestt participation probabilities. The increase in participation with tenure can be 
explainedd from a rising level of firm specific human capital and an improved match 
betweenn worker and firm. Both raise workers' productivity and compensation. The 
patternn of rapid declining labour participation after age 55 is typical for the Dutch 
labourr market and similar for all labour histories. 

Tablee 4.6: Participation Probabilities by Age and Starting Age 

Age Age 
inging Age 

20 20 

30 30 
40 40 
50 50 

60 60 
64 64 

40 40 

0.999 9 
0.998 8 

0.996 6 
--
--
--

45 45 

0.998 8 
0.995 5 

0.993 3 
--
--
--

50 50 

0.990 0 
0.982 2 
0.974 4 

0.970 0 

--
--

55 5 

0.941 1 
0.910 0 
0.884 4 
0.871 1 

--
--

60 60 

0.710 0 

0.629 9 
0.574 4 
0.548 8 

0.555 5 

--

64 64 

0.331 1 

0.254 4 
0.210 0 
0.192 2 

0.196 6 
0.204 4 

Humann capital obtained through education or any job training programme in-
creasess participation. The effect of the average amount of job training, evaluated at 
thee sample mean, increases participation probabilities by 44 percent, which is equal 
too the effect of 10 years of schooling. The estimation results show a 83 percent 
dropp in the participation probability for people confronted with health problems. 
Ann even larger effect comes from eligibility for early retirement benefits, which de-
creasess participation probabilities by 95 percent. All other variables have only small 
effects.. Females earn less than males, but seem to value work higher. The presence 
off  children or a partner increases participation. Workers in the construction indus-
tryy have a 23 percent lower probability of participation, mainly explained by exit 
intoo disability. Unpleasant working conditions induce workers to retire early, with 
thee exception of dirty work. 

Tablee 4.7 shows estimated constants, individual effects, and the correlation pa-
rameterr p, which expresses selection effects into participation, depending on the 
wagee level. Estimates in both the random effects model and the model with no 
individuall  effects show that there is no evidence of any structural selection bias. 
Thee insignificant values of p imply independent distributions of the nuisance terms 
inn the wage and participation equations. However, the random effects model also 
allowss for correlation through individual specific effects. It is assumed that these 
effects,, cti and ji  in equations (4.4) and (4.5), are bivariately distributed with a 
fixedfixed number of support points (v = 1, . .. , V and w = 1, .. . , W), with unknown 
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Tablee 4.7: Estimation Results for the Full Model 

OLSOLS / Probit 

Va.ria.ble Va.ria.ble estimate estimate 

NoNo Ind. Effects Random Effects 

estimateestimate error estimate error 

WageWage equation 
aa 2 

0/2 0/2 

ParticipationParticipation equation 

77 -1 
7i i 
72 2 
Masss values 

P ( « i , 7 i) ) 
p(» i>72) ) 

p ( » 2 , 7 i) ) 
OtherOther parameters 

(T(Ttt 0 

P P 

348** 0 

7922 3 

262 2 

190 0 

165 5 

2.331**  0 

-1.792 2 

0.261* * 

0.002 2 

193 3 

114 4 

003 3 

055 5 

2.277* * 
2.608* * 

0.005 5 
3.042 2 

0.322* * 
0.327* * 
0.234* * 

0.214 4 
0.214 4 

3.915 5 
3.939 9 

0.036 6 
0.039 9 
0.027 7 

0.207* * 
0.021 1 

0.003 3 
0.099 9 

OLSS Corrected B? 
Pseudo-tf2 2 

Logg Likelihood 

0.19 0.19 
0.60 0.60 

-2,406 -2,406 
0.59 0.59 

-2,703 -2,703 
0.67 0.67 

-2,073 -2,073 

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

locationss and probability masses p(ctv,-yw). For an easy interpretation of the esti-
mationn results and to test for the existence of sample selection, the arguments by 
Vann den Berg, Lindeboom and Ridder (1994) are followed, who assume two points 
off  support for each individual term. The covariance of the individual effect is equal 
to o 

cov(acov(a}}y)y) - (pnp22 - P12P21) x (<*i - <*2) x (71 - 72) = 0.039 

wheree pvw — p(av,7tü). The standard error of this covariation is equal to 0.00009. 
Itt can be concluded that the correlation between individual effects on labour par-
ticipationn and the wage level is positive and statistically significant. If individual 
effectss in the wage equation indicate earning ability, and those in the participation 
equationn working ability, than the positive correlation between wages and labour 
participationn can mainly be attributed to individuals either combining high earning 
abilityy with high working ability (23.4 percent), or low earning ability with low 
workingg ability (32.7 percent). In effect this means that if an individual is observed 
too be working, his or her potential wage level is on average higher than that of a 
randomlyy selected individual from the population. 

http://Va.ria.ble
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Too compare the performance of the three models, a pseudo-R2 is constructed 
forr the Maximum Likelihood results6. For the model with no individual effects, its 
valuee is 0.59, while the random effects model produces a pseudo-/?2 of 0.67. This 
improvementt can be attributed fully to the inclusion of individual effects, both by 
allowingg different intercepts for different groups in the sample and correlation with 
participation.. A likelihood ratio test that compares both models also shows that 
thee latter outperforms the former (\l — 1,260; critical value = 11). The random 
effectss model is therefore taken as the 'true' model for the level of wages. 

Thee fit of the random effects model can be evaluated from a comparison with 
data,, using average wages by age and the distribution of wages in the sample. Figure 
4.77 shows estimated and true wage profiles between ages 41 and 64. The estimated 
profiless appear as smoothed versions of the actual profiles in the data, picking up 
muchh of the variation in average wages. Figure 4.8 depicts the distribution of wages, 
dividingg the range of log wages into 40 intervals and using randomly drawn error 
termss from the normal distribution to estimate wages. Regressing true wages on 
estimatedd wages results in a coefficient of 1.002, reflecting a perfect average fit . But 
thee corrected R2 is only 0.32, which means that 68 percent of the wage level is still 
explainedd by occasional factors that are not captured by the explanatory variables 
inn the wage equation. 

Too test for attrition bias in the level of wages, Ordinary Least Squares estima-
tionss of the 1993 wage equation have been performed including an indicator for 
attritionn in 19957. Both the equation with a full set of explanatory variables and 
thee equation with an intercept term produced insignificant parameter values for 
thee attrition indicator. From this it is concluded that survey attrition does not 
affectt the level of observed wages. In section 4.2, more evidence is given on the 
performancee of the wage model by comparing estimated benefit incomes, based on 
estimatedd potential wages for retirees, with actual benefit levels in the CERRA data. 
Too this end, consistent potential wage profiles must be estimated from the wage 
equation,, which is done below. 

4.1.44 Est imat ion of Age-Earnings Profiles 

Thee main purpose of chapter 4 is the construction of individual age-earnings pro-
filess to analyse financial incentives for retirement. Wages depend on variables that 
aree constant, such as schooling, cohort and gender, on variables that vary over 
time,, such as tenure, labour market experience and growth in the Gross Domestic 
Product,, and on variables that may or may not change over time, such as working 

6 T hee pseudo-/?2 is defined as 1 - '^ W) , where L{U) is the Maximum Likelihood value of the 
fulll  model, and L(w) the Maximum Likelihood value of the model with all explanatory variables 
inn the wage equation restricted to zero, except for the constant term or individual effect. 

7T hee 1991 data are retrospectively collected in 1993. Therefore, survey attr i t ion between 1991 
andd 1993 does not exist. 
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Figuree 4.7: Actual and Estimated Average Log Wages by Age 
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conditions,, sector type, company size and level of supervision. In addition, wages 
aree correlated with labour participation. Expected log wages at age t for individual 
ii  are calculated as8 

E[\nm\AtE[\nm\At = 1] = X'it0 + E[ai\yi>-Z' it6 - nu] (4.8) 

Too simplify calculations, it is assumed that time constant expected individual wage 
componentss can be derived from participation in 1993, such that E [üi \ An — 1 ] = 
E[aiE[ai  |T; > -Z'iT6 - uir],  where r is age in 1993. The solution to equation (4.8) 
iss given in appendix 4.C. Since wages and participation are positively correlated, 
workerss have higher expected wage profiles than non-workers. However, figure 4.9 
showss that the difference is small. 

400 4 2 4 4 4 6 4 8 5 0 5 2 5 4 5 6 5 8 6 0 6 2 6 4 6 6 

AGE E 

Figuree 4.9: Age-Earnings Profiles for Workers and Non-workers 

Too produce projected wages for all individuals in the CERRA data between ages 
400 and 65, individual wages are estimated from 1968 to 2016. It is assumed that 
afterr 1995, the per capita Gross Domestic Product increases by 3 percent per year. 
Thee individual wage effects a,- are adjusted to the difference between real and ex-
pectedd log wages in 1993. This way, estimated individual wage profiles pass through 
observedd wage levels in 1993. Figure 4.10 shows projected age-earnings profiles for 
differentt cohorts in the sample9. Time effects cause younger cohorts to earn higher 

88 Correlation between the error terms E,t and fi,t is estimated to be insignificantly different 
fromm zero, see table 4.7. 

9T hee number of observations for age 42 in 1975, 1980, 1985 and 1990 is 347, 336, 109 and 119. 
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wagess at the same age, even without cohort effects. Growth in wages over time 
andd with age is a strong incentive to remain employed until the age of manda-
toryy retirement. So why do people retire early? The next section shows incentives 
forr retirement from benefit programmes, which become particularly relevant when 
preferencess for leisure also increase with age. 

28 8 
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24 4 

22 2 

20 0 
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12 2 

Agee 42 in 1990 
Agee 42 in 1985 
Agee 42 in 1980 
Agee 42 in 1975 

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

AGE E 

Figuree 4.10: Age-Earnings Profiles for Different Cohorts 

4.22 Benefit and Pension Programmes 

Inn the context of retirement decisions, all benefit and pension programmes available 
too workers to substitute or complement wages can be considered alternative sources 
off  income that enable more leisure time. Some programmes have an insurance 
character,, like disability and unemployment schemes, others are a way of saving, 
ass in the case of defined contribution pension plans. The benefits from these pro-
grammess depend on eligibility, labour market history and personal characteristics, 
suchh as health and marital status. The relevance of the exact shape and level of 
benefitt profiles for retirement decisions was explained in chapter 2. The purpose of 
thee present section is to show main features of the most common Dutch benefit and 
pensionn programmes. This way, potential individual shapes and levels of retirement 
incomee profiles can be determined. These profiles illustrate typical incentives for the 
retirementt behaviour of elderly workers. Although benefit and pension programmes 
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aree sometimes used to complement wage income, this section focuses on their role 
ass wage substitutes, or simply as income programmes for full retirement10. 

Threee key features of the Dutch Social Security system are particularly impor-
tantt for modelling retirement in the Netherlands. Firstly, age 65 is effectively the 
agee of mandatory retirement. Although retirement is not strictly required, all layoffs 
att age 65 are granted by the regional employment office, a government organisation 
thatt has to approve involuntary job exits. Therefore, labour force participation 
beyondd age 64 is negligible. Consequences in terms of decision horizon and partici-
pationn opportunities are treated in chapters 5 to 7. Secondly and as a result, hardly 
anyy pensions and benefits prior to age 65 are part of pension programmes that come 
intoo effect after age 65. Early retirement benefits specifically aim at bridging the 
incomee gap between the age of retirement and the age of mandatory retirement. 
Incomee programmes for normal retirement and early retirement must therefore be 
treatedd separately, although benefit and eligibility rules of these programmes are 
linked.. And thirdly, the use of disability and unemployment benefit programmes 
ass pathways into retirement has been institutionalised with the mutual consent of 
employers,, trade unions and the Dutch government. Trommel and de Vroom (1994) 
andd Aarts and de Jong (1990) explain how this has become common practice. 

Tablee 4.8: Programmes to Support Retirement from the Labour Force 

SocialSocial Insurance programmes 

CollectiveCollective arrangements 

PriorPrior  to age 65 

Disabilityy Insurance 
Unemploymentt Insurance 

Earlyy Retirement Pensions 

Fromm age 65 

Oldd Age Pensions 

Privatee Pensions 

Ass a result, any analysis of Dutch retirement behaviour requires a structural 
approachh in which all pension and benefit programmes, as well as their mutual re-
lationshipss have to be taken into consideration. A distinction can be made between 
programmess that are available before and from age 65, and between programmes 
thatt are part of the Social Insurance system and programmes that are provided 
byy employers under a collective agreement. Table 4.8 shows the main benefit pro-
grammes,, of which the most important features are described below. Details of 
benefitt calculations can be found in appendix 4.D. 

Onlyy those benefits and pensions are treated that are collected at zero hours of work. This is 
motivatedd by the small number of part-time workers (less than 32 hours per week) with additional 
sourcess of non-wage income in the data (7.0 percent). 
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EarlyEarly Retirement Pensions 

Thee most important source of retirement income provided by employers prior to 
agee 65, are the so called VUT programmes (Vervroegde Uittreding). These early 
retirementt schemes, introduced in the late 1970's, were initially designed to stimu-
latee early retirement in order to create labour market opportunities for the young 
unemployed.. Within two decades they became widespread and popular, and con-
sideredd as basic right by employees. They offer early retirement in a financially 
attractivee way, and enable employers to adjust the size of their elderly work force. 
VUTT schemes are sector or company specific, negotiated with unions, and embed-
dedd in Collective Labour Agreements. Contributions are shared by employers and 
employeess and administered by a sector or company specific VUT fund. 

Eachh VUT scheme has its own specific eligibility rules. In the majority of cases, 
eligibilit yy depends on age, tenure, or both. Once eligible, employees may remain 
eligiblee until age 65, but eligibility can also be restricted to a specific age or year 
only.. In general, VUT pensions equal a fixed percentage of last earned gross wage 
income.. In net terms, pensions can amount to more than 100 percent of last earned 
wagee income, as certain Social Security and pension contributions are no longer due 
afterr retirement. Since VUT schemes are meant to bridge the income gap between 
earlyy and normal retirement, they provide pensions up to age 65. 

Tablee 4.9: Characteristics of VUT Schemes, Percentages of Respondents in 1993 

Availability y 
Eligibilit y y 
Requirements: : 

Minimumm age 
Minimumm tenure 
Both h 
Other r 

Workers s 
80.6 6 
5.0 0 

53.2 2 
3.8 8 

30.5 5 
2.8 8 

EarlyEarly Retired 
100.0 0 
100.0 0 

50.7 7 
9.6 6 

27.8 8 
10.5 5 

Disabled Disabled 
35.9 9 
0.1 1 

60.5 5 
4.0 0 

24.6 6 
0.4 4 

Unemployed Unemployed 
28.5 5 
0.9 9 

60.8 8 
3.6 6 

19.1 1 
1.5 5 

Thee CERRA data offers extensive information on availability, eligibility rules and 
pensionn amounts of VUT programmes. Table 4.9 reports 1993 figures for workers and 
earlyy retirees in their last job. VUT benefits are widely available and generally (val-
ued)) higher than disability or unemployment benefits. Otherwise, the distribution 
off  VUT arrangements and eligibility would have been more evenly distributed over 
workerss and retirees. Differences in eligibility requirements are small. The knowl-
edgee of individuals with regard to these requirements is remarkable, supporting the 
vieww that elderly individuals are well aware of their retirement opportunities11. 

Thee category 'Other' includes occasional eligibilit y requirements, due to for instance company 
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Thee average required age and tenure for VUT benefits are reported in table 
4.10,, together with replacement rates. Small standard deviations for the minimum 
requiredd age i l lustrates the uniformity in eligibilit y rules. The standard deviation 
forr the required tenure is larger, since VUT programmes either require 40 years or 
aa small number of tenured years. The reported replacement rates show that VUT 
benefitss are financially very attractive. Most replacement rates amount to between 
700 and 85 percent of last earned wage income. 

Tablee 4.10: Requirements and Replacement Rates for VUT Pensions (CERRA) 

Requirements: : 
Minimumm age only 
Minimumm tenure only (in years) 
Bothh minimum age 

andd minimum tenure 
Replacementt rates (in percentages): 

Net t 
Gross s 

mean n 

59.2 2 
34.9 9 
59.1 1 
27.4 4 

79.2 2 
77.2 2 

1993 1993 
St. St. dev. dev. 

2.2 2 
10.3 3 
2.1 1 

14.0 0 

11.2 2 
8.8 8 

mean n 

58.5 5 
30.4 4 
58.7 7 
24.1 1 

80.0 0 
77.4 4 

1995 5 
St. St. dev. dev. 

2.7 7 
12.8 8 
2.3 3 

13.9 9 

8.5 5 
7.0 0 

DisabilityDisability Insurance 

Disabilityy Insurance is provided by employers and the Social Insurance system to 
protectt workers against a loss of income due to physical and mental inabilities to 
part ic ipatee in gainful employment. Aarts and de Jong (1990) present an extensive 
economicc description of the Disability Insurance system in the Netherlands. They 
showw that in the past, it has been used as a retirement opportunity with the mu-
tuall  consent of employers, workers and administrators that control entrance into 
Sociall  Insurance programmes. Employers occasionally offer supplemental benefits 
too make ret irement through these programmes financially more attract ive. There 
aree two main Disability Insurance programmes, labelled as WAO (Wet op de Ar-
beidsongeschiktheidsverzekering)) and AAW (Algemene Arbeidsongeschiktheidswet). 
Thee WAO was ini t iated in 1967 as a private sector employee insurance. Public sector 
workerss are covered by a similar programme. The AAW is a Social Insurance scheme 
thatt covers all Dutch citizens between ages 18 and 65. Since 1976, WAO and public 
sectorr disability benefits are only provided if they exceed AA W benefits. 

WAOO benefits can be collected by all employees that have been disabled for 15 
percentt or more during one year. To receive AAW benefits, individuals must have 

reorganisations,, where VUT pensions are offered as an alternative to unemployment benefits. 
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beenn disabled for at least 25 percent during one year. The degree of disability 
iss based on the earnings ability, which is determined by the Industrial Insurance 
Board,, and until 1995 in co-operation with the Industrial Medical Service. Gross 
benefitss for fully disabled individuals generally amount to 70 percent of last earned 
grosss wages. Benefit percentages or replacement rates are smaller if the degree of 
disabilityy is less than 80 percent. All disability benefits are restricted to a maximum 
value.. The duration of benefits depends on the age at which an individual enters 
thee disability programme, but ends at age 65 or with an improvement in working 
ability. . 

UnemploymentUnemployment Insurance 

Al ll  employees in the Netherlands are covered by Unemployment Insurance, labelled 
ass NWW (Nieuwe Werkloosheidswet) for private sector workers. In case of invol-
untaryy unemployment, the NWW programme provides benefits for a limited period 
off  time. Public sector workers are covered under a similar programme. In case of 
companyy reorganisations, employers may complement NWW benefits by additional 
benefitss as a form of annual severance pay, as negotiated with unions in a so called 
Sociall  Plan. This way, NWW programmes have often been used as early retirement 
programme.. For individuals older than age 571, the combination of attractive ben-
efitt levels, eligibility conditions that do not involve job search requirements, and a 
benefitt duration that can last up to age 65, have made unemployment benefits a 
seriouss alternative for early retirement. Unemployed individuals who are not eli-
giblee for Social Insurance unemployment benefits may apply for Social Assistance, 
labelledd as NBW (Nieuwe Bijstandswet). Social Assistance provides a basic safety 
nett and is available to all Dutch citizens under specific conditions. 

Eligibilit yy for wage related unemployment benefits depends on the time that 
individualss have been employed prior to unemployment. For both Unemployment 
Insurancee and Social Assistance, active job search is required to obtain benefits, 
exceptt for individuals older than age 57 .̂ Refusal to accept job offers may result 
inn a reduction of benefits. The level of gross Unemployment Insurance benefits 
amountt to 70 percent of last earned gross wages, subject to a maximum value. 
Publicc sector workers receive 78 percent during the first year of unemployment. 
Sociall  Assistance is equal to 70 percent of the gross minimum wage. All benefits 
endd upon re-employment, or at age 65. 

OldOld Age Pensions 

Whenn workers reach age 65, their role in the labour market ends. Income in the years 
afterr retirement is secured by an extensive system of pension arrangements. Three 
mainn sources of retirement income can be distinguished. Firstly, Old Age pensions 
aree available to all citizens. For most individuals, these pensions are supplemented 
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byy private pensions that have been accumulated during employment. On top of 
thesee pensions, people may have individual pension savings, which only amount to 
aa minor part of total average retirement income. Lack of reliable da ta on individual 
savingss prevent a separate treatment of this source of retirement income. 

Al ll  Dutch citizens are insured against the financial consequences of old age by 
meanss of the AOW (Algemene Ouderdomswet) Social Insurance programme, and 
thereforee collect Old Age pensions from age 65 until death. The AOW programme 
startedd in 1957 as basic safety net for elderly inhabitants. Today, the programme 
iss compulsory. Contr ibut ions are collected through taxes. The existence of this 
basicc provision is related to legislation on layoffs at age 65, which effectively makes 
ret irementt mandatory at this age. Most private pensions take account of the ex-
istencee of Old Age pensions and adjust pensions and contributions accordingly. 
Pensionn amounts are related to the minimum wage level and depend on the house-
holdd composition. Individuals who have lived abroad after 1957, and after their 
15thh birthday, receive a reduced pension amount. 

PrivatePrivate Pensions 

Mostt employees in the Netherlands part icipate in an employer provided private pen-
sionn scheme. The provision of private pensions is regulated by legislation through 
thee so called Pensions and Savings Fund Act. This Act requires that pensions re-
sultt from negotiat ions between employers and employees, are directed towards a 
part icularr aim, and are provided periodically to subst i tute wage income as long 
ass the reason for providing the pension remains (De Lange, 1994). Provision and 
part icipat ionn in pension schemes is free of choice, but once provided they can not 
bee ended before the t ime of death. Pension liabilities must be fully funded and 
externallyy insured by the pension fund. De Lange (1994) notes that legislation in-
terpretss pensions as a necessary basic provision, while society considers pensions as 
aa way to continue a standard of living after retirement. Part icipat ion in pension 
programmess is in general part of the employment contract. A large survey among 
alll  pension funds, conducted by the Pensioenkamer (1989), shows that 72 percent 
off  all workers in 1987 participated in a pension programme. In the 1993 CERRA 
data,, part icipation in pension programmes equals 94 percent. 

Aroundd 20,000 different pension programmes exist with different providers, pen-
sionn rights, pension amounts, inclusion rules for Old Age pensions, and regulations 
forr pension rights in case of job changes (and change of pension fund), early retire-
ment,, disability and unemployment. In general, pensions can be collected from age 
655 (95.4 percent of all pensions in 1987), but earlier pensions exist for part icular 
sectorss and occupations, for instance aeroplane pilots. Despite the wide variety of 
pensionn programmes, some main types can be distinguished, summarised in table 
4.11.. Of all private sector workers in 1987, 72.1 percent part ic ipated in a final 
payy scheme, 15.4 percent in an average pay scheme and 5.3 percent in a combina-
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tionn scheme (Pensioenkamer, 1989). Only 6.6 percent participated in fixed amount 
schemess and 0.6 percent in available premiums schemes. 

Tablee 4.11: Main Types of Private Pension Schemes 

Definedd by 
Wagee related 
Whichh wage 

Pensionn type 

BENEFIT T 

YES S 

FINAL L 

FINAL L 

PAY Y 

AVERAGE E 

AVERAGE E 

PAY Y 

AVERAGE E 

ANDD FINAL 

COMBINATION N 

NO O 

FIXED D 

AMOUNT T 

CONTRIBUTION N 

NO O 

AVAILABL E E 

PREMIUMS S 

Jansweijerr (1996) makes a distinction between several pension funds, offering 
multiplee types of pension schemes. The ABP (Algemeen Burgerlijk Pensioenfonds) is 
aa pension fund of the public sector with more than 1 million participants. It offers a 
finall  pay scheme that uses wage levels in the last two years before (early) retirement. 
Moree than 300,000 individuals in the service sector participate in the PGGM, which 
alsoo offers a final pay scheme. Around 80 sector pension funds with final pay, average 
payy and combination schemes, account for approximately 1.5 million participants. 
Sectorr pension schemes are in general made compulsory by the Ministry of Social 
Affairs.. Another 1 million employees participate in one of the thousand company 
pensionn funds, again with final pay, average pay and combination schemes. Finally, 
theree are occupational pensions funds, which mainly aim at self-employed workers, 
andd individual pension schemes that are provided by insurance companies. 

Tablee 4.12: Private Pension Participation of 1993 CERRA Respondents 

PensionPension fund percentage 
Nonee 19 3̂ 
ABPP 26.4 
PGGMM 4.7 
Sectorr 13.8 
Companyy 14.5 
Otherr or unknown 21.2 

Individualss part icipate in a pension fund as long as their contributions are paid, 
eitherr by themselves or by their (former) employers. Most workers only pay part 
off  the required contributions. Private pension contributions for early retirees and 
mostt disabled individuals are continued between retirement and age 65. This means 
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t hatt they continue to build up pension rights up to age 65. Pension rights equal 
thee number of years that individuals part icipate in a pension fund. Unemployed 
individualss only part ly build up pension rights. Pension rights can be lost when 
individualss change jobs and move to a pension fund that does not recognize old 
pensionn rights. However, most pension funds have recently eliminated restrictions 
forr late entrance, and use indexation to update old pension values. Pension amounts 
aree determined by the type of pension scheme, the type of pension accrual, lifetime 
wagee levels, and the level of AOW (Old Age) pensions. Most pension funds use 
grosss replacement rates of 70 percent. The CERRA data does not offer extensive 
informationn on private pension rules, but respondents report the pension fund in 
whichh they part icipate (see table 4.12). 

CalculationCalculation of Benefit and Pension Levels 

Basedd on the description of the most important benefit and pension rules, this 
sectionn presents calculated expected income levels after retirement. Details of the 
calculationss can be found in appendix 4.D. Since most benefits and pensions depend 
onn earned wage levels, the calculations use expected wage levels as est imated in 
sectionn 4.1. It is assumed that working hours are equal to 40 when this information 
iss missing. Confronting estimated benefit levels with observed levels in the 1993 
CERRAA data produces a joint test of the quality of projected wages and the precision 
off  the applied benefit and pension rules. 

Benefitt and pension levels are est imated in two different ways. The extensive 
estimationsestimations use detailed information on benefit rules as well as tax rules to con-
vertt net wages into gross wages and gross benefits into net benefits. The simplified 
estimationsestimations apply the described benefit rules directly. This produces biases, since 
thee rules describe the derivation of gross benefits from gross wages. The simplified 
est imat ionss therefore correct for the "gross to net bias" by a multipl ication factor. 
Thiss factor is based on the difference in mean estimated benefit values between the 
grosss and net approach. Multiplication factors are reported in table 4.13. Figures 
4.111 to 4.13 show comparisons of t rue and estimated distr ibutions for early retire-
mentt pensions, disability benefits and unemployment benefits, using non-parametr ic 

Tablee 4.13: Gross to Net Correction Factors 

ReportedReported income source 
Earlyy Retirement (gross) 
Earlyy Retirement (net) 
Disability y 
Unemployment t 

factor r 
1.130 0 
1.021 1 
1.114 4 
1.132 2 
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estimation.. With no further restrictions on wage levels or benefit rules, the distribu-
tionss are already close to each other. This implies that the distribution of estimated 
wagess and the applied benefit and pension rules are rather precise. 
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Figuree 4.11: Distribution of Net Nominal Yearly Early Retirement Benefits 

Thee result is obtained without taking account of the maximum level of bene-
fitsfits provided by the Social Insurance system. The comparison between true and 
estimatedd distributions suggests that this assumption is not unrealistic. Many high 
incomee individuals receive supplemental benefits from their last employer to restore 
totall  benefits to at least 70 percent of last earnings. In case of disability benefits, 
Trommell  and de Vroom (1994) provide evidence for the common use of employer 
providedd supplements. 

Figuress 4.11 to 4.13 show a reasonable fit  between estimated and observed dis-
tributionstributions of benefit levels, but the fit  between estimated and observed individual 
levelslevels can also be considered. Table 4.14 reports the result of OLS regressions of 
observedd on estimated benefit levels, which follow from the simplified estimations. 
Thee main result is that regression coefficients are smaller than one, implying that on 
averagee all estimated levels under-report actual benefits when small and over-report 
actuall  benefits when large12. The values of the corrected goodness-of-fit measure 
RR22 are close to the corrected iï2-value of the wage equation (0.32). 

12Under-estimationn of low benefit levels can be explained by the exclusion of supplemental 
benefits.. Over-estimation of high benefit levels can be a consequence of ignoring maximum benefit 
levels.. The result may also point at fatter tails in the wage distribution of the sample population 
ass compared to the actual wage distribution. 
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Figuree 4.12: Distribution of Net Nominal Yearly Disability Benefits 
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Withh estimated benefit levels available, expected age-income profiles can be 
constructedd for each retirement age and each retirement programme, similar to 
thee expected age-earnings profiles in section 4.1. Figures 4.14 and 4.15 show such 
profiless for retirement at age 45 and 60 for an average individual in the CERRA data. 
Thiss individual is assumed to be male and eligible for early retirement pensions at 
agee 59. 

Tablee 4.14: Goodness-of-fit for Net Nominal Yearly Estimated Benefit Values 

IncomeIncome Source 
Earlyy Ret i rement 
Disabil i ty y 
Unemployment t 

NumberNumber of 
Observations Observations 

661 1 
626 6 
119 9 

Meann of 
Data Data 

37,434.66 6 
23,306.27 7 
24,589.75 5 

MeanMean of 
Estimates Estimates 

35,638.74 4 
24,973.97 7 
26,195.55 5 

Regression Regression 
CoefficienCoefficien t 

0.6036 6 
0.5937 7 
0.7242 2 

Corrected Corrected 

RR2 2 

0.31 1 
0.23 3 
0.34 4 

Inn figure 4.14, earnings are obtained until retirement at age 45, followed by Social 
Insurancee benefits up to age 65, when Old Age and private pensions are collected 
thatt remain constant until death. Since eligibility for early retirement pensions 
startss at age 59, early retirement benefits can not be collected. Disability benefits 
startt at around 70 percent of last earned wage income, but decrease after 2 years. 
Iff  the individual chooses to retire through unemployment, his benefit income also 
startss at around 70 percent of last earned wages, but drops to 70 percent of the 
minimumm wage level after a period of time, which depends on labour experience. 
Differencess in pensions at age 65 result, since the years spend in early retirement or 
disabilityy count as active years of private pension participation, while years spend 
inn unemployment are only partly accounted for. 

Figuree 4.15 shows income profiles for the same individual, retiring at age 60. 
Sincee eligibility for early retirement benefits starts at age 59, this programme be-
comess relevant and is in fact financially the most attractive. Both disability and 
unemploymentt benefits approximately amount to 70 percent of last earned wage 
incomee and are collected up to age 65. From age 65 on, the individual receives 
aa combination of Old Age pensions and private pensions. Differences in pension 
valuess at age 65 are smaller than in figure 4.14 as a result of smaller differences in 
privatee pension fund participation between exit routes. 

4.33 Lifetim e Budget Constraints 

Thiss chapter has focussed on the estimation of individual wage and benefit profiles to 
producee income levels that are not available in the CERRA data. The purpose of the 
presentt section is to construct lifetime budgets that depend on retirement age and 
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retirementt route. They are stated in terms of expected present discounted future 
incomee values. This means that an individual is assumed to evaluate the present 
valuee of his or her future income stream, discounted by the relative preference for 
futuree consumption, and multiplied by the probability that he or she will still be 
alive.. If an individual at age t chooses the future age t* to retire into retirement 
routee r, the expected present discounted value of his or her future income is equal 
to o 

t * - i i 

EPDVKOO = £ ( I + P) -( ' -V* ; W + 

64 4 

£ ( ii  + p)" ('" 0^>7(O + 

J2J2 a+ />)-<-*> M* r o w + >r p (0) (4-9) 
j = 6 5 5 

wheree p is the rate of time preference and fis the survival probability conditional on 
survivall  up to age s — 1. Wage income in year .s is represented by Ys

w, benefit and 
pensionn income in retirement route r, depending on retirement age t*, by YJ"(t*). 
Post-agee 65 pensions are equal to the sum of Old Age pensions Ys

AOW and private 
pensionss Ys

pp(t*), which depend on retirement age t* and on pre-age 65 retirement 
routee r. Income opportunities that depend on retirement decisions can be evaluated 
byy comparing expected present discounted values for different ages t*. Figure 4.16 
showss calculations of EPDVj (t*) for the average individual in the CERRA data (the 
samee as in section 4.2), evaluated at age 41. The rate of time preference p is set 
equall  to 5 percent. 

Figuree 4.16 shows that expected present discounted values of income increase 
withh the age of retirement, since average wage levels are higher than average benefit 
levelss for every age and retirement age, and benefit levels rise with the age of 
retirement.. Maximum income is obtained by retirement at age 65. If the average 
individuall  prefers to retire earlier, the early retirement programme offers the highest 
benefitss between the age of first eligibility, in this example set at 59, and age 65. 
Priorr to age 59, disability is financially the most attractive retirement programme. 

Incentivess for retirement at particular ages can be shown more explicitly by 
thee accrual of expected present discounted values of future income. Figure 4.17 
showss that the expected value of income is increased by postponing retirement. 
Thee incentive for entrance into early retirement programmes at age 59 is obvious. 
Otherr retirement incentives from the accrual of expected income values result from 
ruless on the duration of particular unemployment benefits, which depend on labour 
experience. . 

Futuree income values that depend on retirement age and retirement route are not 
onlyy evaluated at age 41. Individuals are assumed to consider their opportunities 
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Figuree 4.16: Expected Present Discounted Values of Income at Age 41 
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Figuree 4.17: Accrual of Expected Present Discounted Values at Age 41 
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Figuree 4.18: Value of Early Retirement Relative to Value of Retirement at Age 65 

att every age to see whether immediate retirement is attractive. Figure 4.18 shows 
replacementt factors that compare expected present discounted values of retirement 
att age t* with the expected present discounted value of retirement at age 65, given 
by y 

EPDV[.(i* ) ) 
EPDV;.(65) ) 

(4.10) ) 

Thee replacement factors show the financially most attractive retirement route at 
everyy age, as well as the main incentives for entering retirement programmes at 
differentt ages. All replacement factors are smaller than one. The 60 to 80 percent 
replacementt rate for disability is rather attractive up to age 59. At that age, early 
retirementt benefits become an offer-you-can't-refuse, particularly when leisure time 
iss valued higher than wage income that is not replaced by pension benefits. In the 
nextt chapters, these income profiles, including their retirement incentive structures, 
aree used in an empirical analysis of individual retirement behaviour. 
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Appendicess to Chapter 4 

4.AA Variable Definitions 

Al ll  variables that are used in chapter 4 are defined in this appendix in alphabetical 
order.. Dummy variables equal one if respondents possess the relevant characteris-
tics,, and zero otherwise. 

Agee Age of respondent. 
Cohortt  - Year of birth of respondent, classified into 4 groups: born between 1926 

andd 1935, born between 1936 and 1940, born between 1941 and 1945, or born 
betweenn 1946 and 1955. 

Companyy Size - Dummy variables indicating the number of employees working 
att the respondent's company, classified into 3 groups: 1 to 5 employees, 6 to 
500 employees, or more than 50 employees. 

Educa t ion-- Dummy variables indicating the highest completed level of schooling, 
eitherr Primary General (elementary school), Primary Vocational (e.g. LBO), 
Secondaryy General (e.g. MAVO), Secondary Vocational (e.g. MBO), Higher 
Generall  (e.g. HAVO, vwo), Higher Vocational (e.g. HBO), or Academic (Uni-
versity). . 

Eligibl ee for  E.R. - Dummy variable indicating whether the respondent meets 
thee age and tenure conditions of employer provided early retirement schemes 
(Vervroegdee Uittreding, VUT). 

Femalee - Dummy variable indicating whether the respondent is female. 
G D PP (Tim e effect) - Growth rate of the per capita Gross Domestic Product 

sincesince 1991 (4 percent in 1993, 14 percent in 1995). 
Healthh Problems - Dummy variable indicating whether the respondent reports 

healthh problems that explicitly restrict working abilities in present or other 
job. . 

Nett  Hourl y Real Wage - Total wages divided by the average number of working 
hourss as reported by the respondent, including vacation allowances, observed 
inn or converted to net values, using year specific tax rules, corrected for infla-
tionn using the consumer price index, and expressed in 1993 guilders. 

Numberr  of Childre n - Number of children living at the respondent's home. 
Occupationall  Level - Dummy variables indicating the respondent's type of oc-

cupation,, classified into 4 combined categories: Blue and White Collar for 
physicall  and mental work, and High and Low, depending on the skills needed. 
Thee distinction is based on the CBS (1984) occupational classification. 

Previouss Experience - Number of years that the respondent has been employed 
beforee his or her most recent job. 
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Publi cc Sector  - Dummy variable indicating whether the respondent's most recent 
jobb is in the public sector, regardless of industrial sector type. 

Retiredd Partner  - Dummy variable indicating whether the respondent is married 
orr cohabits with a partner who is not employed. 

Retirementt  Age - Age at which the respondent retires from work. 
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),, Mining (1), Heavy Industries (2), Light Industries (3), Utilit y Companies 
(4),, Construction (5), Catering (6), Transport (7), Financial Services (8), and 
Otherr Services (9). 

Startin gg Age - Age at which the respondent has started his or her most recent 
job. . 

Superv is ion-- Dummy variables indicating the respondent's degree of supervision, 
expressedd in the number of supervised employees. Four categories are dis-
tinguished:: 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. 

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

Workin gg Conditions - Dummy variables indicating self-reported working condi-
tionss of the respondent. A distinction is made between time pressure, dirty 
work,, dangerous work, working with dangerous materials, physical extertion, 
mentall  exertion, the need for intense concentration, stress, and frequent over-
timee work. 

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

4.BB The Likelihood Function 

Forr the likelihood function in section 4.1, a distinction is made between workers 
withh observed wages, workers with unobserved wages, and non-workers. For the 
modell  with no individual effects, the probabilities of observing individuals i at time 
periodd t are given by 

WorkersWorkers with observed wages ytt — Yit ' 

PPll°°tt = P{\nyit = \nYit,Ait = l)=  / bN(\nYit - X'it0,pit',p) dim (4.11) 
J-Z'J-Z' itit6 6 
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WorkersWorkers with unobserved wages t/,t > 0 ' 

/

OOO /-OO 

// bN{eit,int\p)deitdfiit (4.12) 
((66 J-X'tip 

Non-workersNon-workers : 

PrPrtt = P(Att=0) = n-Z'tt6) (4.13) 

wheree bN() is the bivariate Normal density function given by 

bN(ebN(eitit,fiit;p),fiit;p)  = exp p 
2 7 R r£ f 7 / j V

/ W rr \ 2 ( 1 - p 2) 

SitSit — E[£it] 

__ 2 £it ~ E[£it]  fig - E[fiit]  (nu - E[ii itY
 2 

(4.14) ) 

andd $(-) the standard Normal distribution function. The likelihood function is the 
productt of these three cases for all t ime periods t, and can be written as 

L = n n 
t = i i i goo i£u J '€N 

(4.15) ) 

Forr the random individual effects model, the constants in Xn and Zn are replaced 
byy individual specific constants cvj and 7, for the wage and part icipat ion equation 
respectively.. Denoting the joint distribution of a; and 7,- by #(c*,-, 7,), the likelihood 
functionn becomes 

// n 
-- OO / — OO , _ 1 

n̂ ^̂ n̂ ^̂ on̂ ^ ) ) 
«go o i É u u t £N N 

g{on,fi)g{on,fi) dQi dji 

(4.16) ) 

whichh for est imation is approximated by a mass point distr ibution, such that 

vv w T 
LL = J2J2 P(QV,1UJ) n 

vv = l w = 1 t = l l 
n^K'^ )) n (̂a«*^) n^(^ ) 
ieo o iev iev t 6N N 

(4.17) ) 

where e 

KK  w 

^2Y1^2Y1 ?(<*«, T*) = 1 (4.18) ) 
111 = 1 Til = 1 
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4.CC Estimation of Expected Wages 

Inn section 4.1, the estimation of wage profiles is based on expected wages, conditional 
onn being employed and using the estimated parameters from the wage equation. 
Expectedd log wage levels can be expressed by 

E[\nyE[\nyitit\Ai\Aitt=l]=l]  = E[X'it(3 + a, + eit \ Z'it6 +  7i + Hit > 0] 

== X'it0 + E[ai\7i > -Z'it6 -Hit] 

++  E[eit\tiit  > -Z'lt6 - 7 i ] (4.19) 

Thee last term on the right hand side can be expressed in the estimated parameters 
byy the derivation 

E[eE[eitit\Hit\Hit  > -Z'it8 - 7 i ] = a£E —— \wt > -Z'it6 - 7, 

==  azp E[mt | Hit > -Z'it6 - 7,- ] 

<p(-Z'<p(-Z'itit66 - 7.) ,, o m 

"" -«'H-zv-v) (420) 

wheree tp(-) is the standard Normal density. Since p is estimated to be insignificantly 
differentt from zero, it is ignored in the estimation of wages. The second term 
onn the right hand side of equation (4.19) expresses the expected individual wage 
effect,, conditional on the probability of labour participation. Expressing expected 
individuall  effects in estimated parameters, it can be derived that 

E[aiE[ai  \ji  > -Z'it6 - mt) 

== <x\f{at\ \li  > -Z'itS - fiit) + a2f(a2\ji  > -Z'it6 - Hit) 
__ 1 

~~ lili  > -Z'it6 ~ Hit) * 

[aii  ƒ(<*!, 7i, p,-t > -Z'it6 - 7i) + a i / (ar i, 72,/i,-t > ~Z'it6 - y2) 

++  a2f(a2,'n,Hit > -Z'it6 - 71) + a2 f(a2,y2,Hit > -Z'it6 - 72)] 

__ <xif(<*u'n)f(t*it  > ~Z'it8 - 71) + ... + a2 f (a2,J2) f {Hit  > -Z'it6 - 72) 
fhi)f(Hitfhi)f(Hit  > -Z'it6 - 71) + fMfiHit > -Z'J - 72) 

(ft lPl ll  + (*2P2l) <&(Z' itê + 71) + (Pfipi2 + <*2P22) ${Z'it6 + 72) 

(pnn + P 2 i ) * ( ^ + 7i) + (Pia +P22)$(Z'it6 +  l2)
 [- > 

wheree pvw = p(av,jw) are the probability values of the individual effects. 
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4.DD Calculation of Benefit Levels 

Thiss appendix describes the simplified rules for an accurate calculation of individual 
benefitt levels that depend on age, retirement age, household situation and labour 
markett history. 

EarlyEarly Retirement Pensions 

Yearlyy individual net real early retirement (VUT) pension levels that depend on age 
tt and retirement age t* are calculated as 

V BR, , .XX _ f ¥>ERV,Ï1I if IfR = 1 and t > f 
YY<<  V > ~ { 0 otherwise K ] 

wheree pER is the individual net VUT replacement rate, and Y™_1 the net real wage 
incomee in the year before retirement, constructed from wage profiles in section 4.2 
andd data on working hours. The indicator JfR reflects individual VUT eligibility at 
agee t and depends on information about the type of eligibility rule, age and tenure at 
t*t* .. If there is no information available on <pBH, it is set equal to the mean net sample 
value.. Unknown eligibility rules are replaced by a minimum age requirement, again 
assumingg the mean sample value. Equation (4.22) implicitly assumes real benefits 
too remain constant after retirement. 

DisabilityDisability Benefits 

Thee degree of disability is calculated by the formula 

.. labour income- earnings ability 
degreee of disability = — : x 1UU 

labourr income 
Benefitt levels depend on the degree of disability as specified in table 4.15 below. 
Inn August 1993, a distinction was introduced between so called wage deprivation 
benefitss and continuation benefits. Wage deprivation benefits amount to 70 percent 
off  last earned gross wages, but only last for a period that depends on the age at 
retirement.. Full AAW benefits equal a fixed percentage of the gross minimum wage 
andd WAO continuation benefits equal a fixed percentage of the primary insurance 
amount,, of which daily values are calculated by the formula 

minimumm wage + (0.02 x (earnings — minimum wage) x (age - 15)) 

wheree minimum wages and earnings are taken at gross daily values, and age at the 
momentt of entrance into the disability programme. Duration of wage deprivation 
benefitss under the WAO programme depends on the age at which an individual 
enterss disability, as given in table 4.15. Workers older than age 57̂  who enter the 
WAOO programme, collect wage deprivation benefits until age 65. 
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Tablee 4.15: AAW and WAO Replacement Rates and Benefit Duration 

DegreeDegree of 
disabilitydisability (%) 

155 to 25 
255 to 35 

355 to 45 
455 to 55 

555 to 65 
655 to 80 
800 to 100 

Replacement Replacement 

raterate (%) 

14 4 

21 1 
28 8 
35 5 
42 2 
50.75 5 
70 0 

Ret i rement t 
age e 

00 to 33 
333 to 38 
388 to 43 
433 to 48 
488 to 53 
533 to 58 
488 to 65 

DDuurationration of wage 
deprivationdeprivation benefit 

0 0 
0.5 5 
1 1 

1.5 5 
2 2 
3 3 
6 6 

Nett real benefit levels per year for disabled individuals are constructed for age t 
andd retirement age t* by taking the maximum of potential net real WAO and AAW 
benefits,, expressed by 

YYxx
DD\t*)\t*)  = max{Y t

W A O (0,yt
A A W (0} (4.23) ) 

Forr WAO benefits, a distinction is made between WAO wage deprivation benefits and 
WAOO continuation benefits, calculated as 

YYtt
WAOWAO(t*)(t*)  = { 

(( /« V W 
VD II  Yf-l 
<p<pmm[M[M tt + 0.02(^-15) 

( A f . - Y ^ ) ] ] 
0 0 

iff  I°BPR(t*)=  1 and t >V 

iff  /t
CONT = 1 and t > t* 

otherwise e 

(4.24) ) 

Thee level of AAW benefits is calculated by 

Y f
AAW (f )) = 

0 0 
iff  /AA W = 1 
otherwise e 

andd t > t* (4.25) ) 

Inn these equations, <pDl is the disability replacement rate which depends on the 
degreee of disability as specified in table 4.15. Y™_x *s t n e n et r e al  w age income in 
thee year before retirement as computed in section 4.2, and Mt the net real minimum 
wagee at age t. The indicator 7(

DEPR(<*) reflects eligibility for WAO wage deprivation 
benefitss at age t, depending on retirement age t* as specified in table 4.15. /t

CONT 

reflectss WAO continuation benefit eligibility at age t, and 7AAW eligibility for AAW 
benefitss at age t. If there is no information available on the degree of disability, y?DI is 
sett equal to 0.7, since most participants in disability programmes are fully disabled. 
Benefitt levels are not restricted to a maximum value, since high income workers 
oftenoften have additional insurance or employer provided benefits in case of disability. 
Equationss (4.23) to (4.25) implicitly assume net real wage related benefits to remain 
constantt after retirement. 



98 8 Appendicess to Chapter 4 

UnemploymentUnemployment Benefits 

Sincee March 1995, five different types of unemployment benefits can be distin-
guished.. First, there are the wage related NWW benefits. This is followed by ex-
tendedd wage related benefits. When eligibilit y for these benefits ceases, unemployed 
individualss can apply for continued NWW benefits. New since March 1995 are the 
shortt term NWW benefits. If the duration of all NWW benefits has been completed, 
unemployedd individuals can apply for Social Assistance ( N B W ) . 

Beforee March 1995, individuals were eligible for wage related benefits if they had 
workedd at least 26 out of the last 52 weeks prior to unemployment. Since March 
1995,, this has changed to 26 out of the last 39 weeks. In addit ion, individuals must 
havee been employed for at least 52 days in 4 out of the last 5 years prior to job exit. 
Forr extended wage related benefits, the requirement before March 1995 was at least 
55 years of employment, of which 3 in the last 5 years before unemployment. Since 
Marchh 1995, the requirements are the same as for wage related benefits. Continued 
NWWW benefits are available to all individuals who have received any wage related 
benefits.. Since March 1995, individuals who do not meet the '4 out of 5' condition 
cann apply for short term benefits, which require 26 weeks of employment in the last 
399 weeks prior to unemployment. 

Tablee 4.16: Durat ion of Total Wage Related NWW Benefit in Years 

Yearss Worked Benefit Duration 
55 to 10 0~75 
100 to 15 1 
155 to 20 1.5 
200 to 25 2.0 
255 to 30 2.5 
300 to 35 3 
355 to 40 4 

400 or more 5 

Grosss wage related benefits equal 70 percent of last earned gross wages, subject 
too a max imum of 52,406 guilders per year (1993). Public sector workers receive 
788 percent during the first year. Gross continued N WW benefits are equal to 70 
percentt of the minimum of last earned gross wages and the gross minimum wage 
level.. Short term NWW benefits as well as Social Assistance payments are equal to 
700 percent of the gross minimum wage. Wage related benefits last for 6 months. 
Durat ionn of extended wage related benefits depends on the number of years in 
whichh unemployed individuals have worked for at least 52 days, as summarised in 
tab lee 4.16. Continued NWW benefits can be collected for a period of 3^ years for 
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individualss older than age 571. For younger individuals, the duration changed in 
Marchh 1995 from 1 year to 2 years. Short term NWW benefits last for 6 months. 

Too construct benefit levels for unemployed individuals, a number of simplifica-
tionss are imposed. It is assumed that all employees meet the requirements for wage 
relatedd NWW benefits. This is not a very restrictive assumption for elderly workers. 
I tt means that short term NWW benefits do not have to be taken into consideration 
andd that the duration of extended wage related benefits only depends on the number 
off  years in which employees have worked for at least 52 days, which is substituted 
byy the amount of working experience. Social Assistance is set equal to continued 
NWWW benefits, which is a reasonable assumption for married elderly individuals. In-
dicatingg eligibility for (extended) wage related NWW benefits by 7t

UE(f*) , depending 
onn working experience as given in table 4.16, then net real benefit levels per year 
forr age t and retirement age t* are calculated by 

ff  V U B V ^ ! if / ?w w ( n = 1 and t > tm 

Y»Y»EE(t*)(t*)  = } y>UE Mt if / ,N W W (0 = 0 and t > t*  (4.26) 
yy 0 otherwise 

wheree <pUB is the replacement rate for unemployment benefits, equal to 0.7. Yt'S
f_1 

iss the net real wage income in the year prior to retirement as computed in section 
4.22 and Mt the net real minimum wage at age t. Equation (4.26) implicitly assumes 
nett real wage related unemployment benefits to remain constant after retirement. 

OldOld Age Pensions 

Thee Old Age (AOW) pension amount is related to the minimum wage level and 
dependss on the household composition. Partners who have both reached age 65 
collectt a net amount that is based on the net minimum wage (22,412.40 guilders 
inn 1993). Since 1985 each partner is entitled to 50 percent of this amount. If only 
onee of the partners is older than 65, (s)he collects around 50 percent of the net 
minimumm wage plus a bonus that inversely depends on the income of the younger 
partner.. Single individuals receive net AOW pensions equal to 70 percent of the net 
minimumm wage level. 

Too calculate net real individual pension levels per year, the assumption is made 
thatt household pensions are received by the head and that no reductions are im-
posed.. Net AOW pension amounts are taken equal to 70 percent of the net minimum 
wagee level for single individuals and equal to 100 percent for heads of household 
withh partners. It is assumed that pensions remain constant after retirement. Net 
reall  pensions are thus approximated by 

(( 1.0 M t if not single and t > 65 
yt

AOWW = ) 0.7 Mt if single and t> 65 (4.27) 
[[  0 otherwise 
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wheree Mt is the net real minimum wage at age /. 

PrivatePrivate Pensions 

Privatee pension levels at age t amount in case of final pay schemes to 

basiss of pension at age t x pension rights at age t 

andd in case of average pay schemes to 

indexedd pension level at age (t - 1) + basis of pension at age t 

Inn a so called lifetime system, pension rights are equal to the last age that individuals 
part ic ipatee in a pension scheme minus some particular start ing age, often age 25. 
Inn a labour years system, pension rights equal the number of years that individuals 
part ic ipatee in a pension fund, as long as old pension rights are continued with 
changess in jobs. The basis of a pension is in both cases equal to 

// maximum replacement \ 
(indexedd wage at age (t — 1) - franchise at age t) x : — — - — 
xx \ max imum par t ic ipat ion/ 

wit hh all indexation either price-based (stable in value) or wage-based (stable in 
welfaree level). Maximum replacement is attained by maximum participation in a 
pensionn fund. Most pension funds use gross replacement rates of 70 percent, but 
Jansweijerr (1996) reports different average replacement rates of 64 and 65 percent 
forr sector pension funds with average pay schemes and company pension funds. 
Inn the major i ty of cases, maximum participation is attained after 40 years. For 
publicc sector pensioners, who all have final pay schemes, benefits are based on the 
averagee wages in the two years prior to retirement. The AOW franchise accounts 
forr the collection of Old Age Social Insurance benefits. Franchise amounts differ by 
pensionn fund, and in some cases depend on being single or not. 

Lackk of information on private pension rules in the CERRA data and the large 
numberr of private pension schemes make it necessary to simplify the calculation 
off  individual pension levels considerably. Respondents can either be assigned to 
aa ' typical' pension scheme, or individual pension parameters can be approximated 
byy distr ibut ions in the population. In this study, the latter method is chosen, 
usingg data obtained from pension scheme surveys conducted by the Pensioenkamer 
(1989)) and Jansweijer (1996). Identical rules are used for part- t ime and full-tim e 
workers,, independent of the individual labour market history. Net real individual 
pensionn levels that can be collected from age 65 on, and which depend on age t and 
ret irementt age t*, are calculated as 

rr K ^ P P C ^ . ! - T j M , ) r 6 5] + 

yr(nyr(n = \ U - K H ^ E 6 ^ ^ - ^ ) ] if < > es (4.28) 
II  0 otherwise 
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wheree K is the fraction of final pay schemes by sector type. (pPP is the replacement 
ratee accrual by type of pension fund, equal to the maximum replacement rate di-
videdd by maximum pension rights. 77 is a factor that determines the AOW franchise 
ass a fraction of net real minimum wages M% at age t, also dependent on the type 
off  pension fund. Data on all three parameters are taken from the Pensioenkamer 
(1989)) and reported in table 4.17. No distinction is made in AOW franchise by 
householdd composition, which is true for 77.1 percent of all pension schemes in 
19877 (Pensioenkamer, 1989). Yt

w is the net real wage level per year. 

Tablee 4.17: Parameters for the Calculation of Private Pension Levels 

SectorSector Type (excluding ABPJ 
Agriculturee and Fishing 
Industryy and Mining 
Utilit yy Companies 
Construction n 
Catering g 
Transport t 
Financiall  Services 
Otherr Services 

K K 

0.07 7 
0.76 6 
1.00 0 
0.88 8 
0.43 3 
0.49 9 
0.84 4 
0.90 0 

Vt Vt 

0.95 5 
0.44 4 
0.50 0 
0.93 3 
0.29 9 
0.65 5 
0.13 3 
0.07 7 

V P P P V V 

PensionPension Fund 
ABP P 

PGGM M 

Sector r 
Company y 

1.00 0 0.50 0 0.7/40 0 
0.7/40 0 
0.7/40 0 
0.65/40 0 

10/7 7 
1 1 

10/7 7 
10/7 7 

T655 indicates individual pension rights at age 65, which depend on the chosen 
retirementt route. It is assumed that T  ̂ is equal to the total labour market experi-
encee at age 65, except for individuals who retire through unemployment. For these 
people,, 765 is equal to the total working experience at retirement plus a fraction 
PtPt of the duration of wage related unemployment benefits. This fraction varies by 
sectorr and is also taken from the Pensioenkamer (1989), and reported in table 4.17. 
Thee assumptions imply that individuals do not loose pension rights when changing 
jobs,, which is valid for 78.6 percent of all individuals with a final or average pay 
schemee in 1987 (Pensioenkamer, 1989). Since it is assumed that all indexation of 
pensionn rights is price neutral, real values of (minimum) wages are used in the cal-
culationn of private pension levels. For public sector workers, Y™_1 is replaced by 

( y ; . 22 + ^ - i ) / 2 -




