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Abstract

In empiricd studies of retirement dedsions of the dderly, hedth is often foundto have alarge, if nat
dominant, effed. Depending on which hedth measures are used, these estimated effeds may be biased
estimates of the causal effed of hedth onthe dependent variable(s).Research indicaes that subjedive,
self-asessd hedth measures may be dfeded by endogenous reporting behaviour and even if an ojedive
hedth measure is used, it is nat likely to be strictly exogenous to labour market status or labour income.
Hedth and labou market variables will be orrelated becaise of unolserved individual-spedfic
charaderistics (e.g., investments in human capital and hedth capital). Moreover, ore's labour market status
may be expeded to have a(reverse) causa effed on current and future hedth. In this paper we analyse the
relative importance of these endogeneity and measurement isaues in the ntext of a model of ealy
retirement dedsions. We state assumptions under which we can use relatively simple methods to assessthe
relative importance of state dependent reporting errors in individual resporses to hedth questions. The
estimation results indicae that among responcents receving disability insurance dlowance reporting
errors are large and systematic and that therefore using these measures in retirement models may seriously
bias the parameter estimates and the anclusions drawn from these. We furthermore found that hedth
deteriorates with work and that the two variables are endogenouwsly related.



1 Introduction

Though there may be some wntroversy abou the relative importance of financia incentives in
explaining trends in retirement in the U.S,, the larger part of the European studies appea to more
conclusive'. Most European studies point at strong incentive dfeds from Socia Seaurity and Early
Retirement schemes. This may be due to the strong disincentive dfeds that charaderise most of these
European systems. Both the avail ability of alternative routes to retirement and the (relative to the U.S.)
generosity of these routes provide these disincentive dfeds.

The Netherlands may be an extreme cae, bah in terms of observed retirement patterns aswell asin
terms of the dharaderistics of the institutional setting. Since the mid-seventies Labou force participation
rates of elderly males (55 yeas and dder) have dropped abou 50% pointsto a arrent level of less30%.
Employer provided Early Retirement (ER) schemes allow for retirement at the age of 60, a sometimes
even ealier”. In addition to these schemes there ae Unemployment Insurance schemes (UB) and
Disibality Insurance schemes (DI) to proted workers from income losses due to (involuntary)
unemployment and poa hedth. It has been argued that notably the DI system, though na designed for
this purpose, has been used explicitly as an dternative route for retirement, with the cnsent of worker,
employer and the DI administrators (seefor instance, Aarts & de Jong (1992). Kerkhofs, Lindeboan &
Theauwes (1999 find strong incentive dfeds for Early Retirement schemes and that there is evidence that
income streams in alternative it routes (DI, Ul and ER) are compared in the retirement dedsion and that
these dternative &it routes ad as substitutes.

The Netherlands may be an extreme ca&e in this resped, bu strong incentive dfeds have dso been
foundfor other courtries. With resped to Disability application kehaviour in ather courtries like the United
States, Germany and Sweden, it has been argued that |abour supfy (and labou demand) considerations may
have taken pacein the dedsion to apply for benefits. To qude Bound and Burkhauser (1999: “the
prevalence of disability transfer redpients per worker has increased at all working ages over the last quarter
of the century in the United States and in the Netherlands, Sweden and Germany. This coincides with an
incresse in bah access to and the generosity of puldicly provided social insurance and social welfare
programs targeted at people with disabiliti es in the industrialised world.” This implies that in al courtries
the stock of DI redpients may consist of workers who are in poa hedth as well as those who are in good
hedth. The edtent to which this occurs will differ for different courtries and it will depend on the
accashility and generosity of the programmes in these @urtries.

The @ove has also dred consequences for applied econan(etr)ic reseach. The mgjority of non
participating elderly report that hedth rather than financia incentives played an important role in their
retirement behaviour. And indeed, inclusion d subjedive hedth measures in retirement models generally
led to large and daminant eff eds of hedth, and rdlatively small effeds of financia incentives on retirement
behaviour. This phenomenon generated a large number of contributions to the retirement literature (seefor
instance Parsons (1982, Anderson & Burkhauser (1985, Bazzoli (1985, Butler, Burkhauser, Mitchell &

! Seefor instance Perrachi en Welch (1996 and Krueger and Pischke (199?) for advocates of the propastion that incentive
effeds have acounted for arelatively small part of the drop in the retirement rates. Seefor instance Fields and Mitchell (1986),
Stock and Wise (199?) and rust & Phelan (1997) for studeis that find relatively large incentive dfeds from pensions and/or
Social seaurity.

>The average age of entitlement in our survey is 60.



Pincus (1987, Stern (1990 and Bound (1991, Kerkhafs & Lindeboam (1995, Dwyer & Mitchell (1998
and Kreider (1999. The basic agument of these studes is that hedth must be treged as an endagenous
variable in retirement models. Hedth may be endagenous in the ‘classicd’ sense that it is correlated with
unolserved fadors (e.g. an individuals time preference, previous investments in human cepital and hedth
capital), that affed bath hedth and labour supdy dedsions (Fuchs (1982), or there may runadired causa
effed from work to hedth. With resped to the latter, work, or stressassociated with work may put a strain
on an individua’s hedth, causing it to deteriorate faster over time. In addition to this, hedth measures
typicdly used in empiricd studies may be dfeded by endogenous reporting behaviour. The outcome of a
dired question to an individual’s hedth status may depend onthe labour market status of the responcent.
There may be eonamic motives or it may be the cae that individual’s are inclined to give their answer
conform to social norms. Reporting hedth as a mgjor determinant for inadivity is scially more acceted,
and dligibility condtions for some Sociad Seaurity Benefits, naably Disability Insurance Benefits, are
contingent upon lad hedth. So, individuals out of work may beinclined to overstate hedth problems.

This g/stematic bias in the reporting behaviour of some individuals implies that it may be dangerous to
use subjedive hedth measures to charaderise the hedth condtion d the responcents in the sample. It also
implies that, used in empiricd models of labour suppy, these measures tend lead to an overestimate of the
effed of hedth and an underestimate of the dfed of eamnamic incentives.

This paper focuses on the issue of reporting errors in subjedive hedth measures. We state
assumptions under which we can use relatively smple methods to assessthe relative importance of state
dependent reporting errorsin individual resporses to hedth questions. The methods propaosed in this paper
could be used dredly to puge reporting biases from the subjedive hedth responses to generate unhiased
measures of hedth that can be used in subsequent analyses. The methods are gpplied onDutch data’, It may
be dea from the discusson in the beginning of this ®dion that we exped this phenomenonto be
particularly relevant for data of courtries were DI schemes are relatively easy to accessand relatively
generoLs.

In arder to eliminate the subjedive nature of resporsesto questions about hedth, various authors have
used measures that are believed to be more objedive, for instance observed future deah o respordents in
the sample (Parsons (1982, Anderson and Burkhauser (1989) or sicknessabsenteasm records (Burkhauser
(1979). Aspaointed ou by Bazzoli (1985 and Bound(1997), hedth asfar asit is associated with work is of
importance and perameter estimates in retirement models are subjed to errors in variable bias if these
objedive measures are nat perfedly correlated with work related health. The use of lagged resporses to
hedth questions or an instrumenta variable methodas propased by Stern (1990 or Aarts & de Jong (1997,
Dweyer & Mitchell (1999 are dso o littl e help, sincethat in itself does nat eliminate the state dependent
reporting errors. Our work is closely related to the work of Kerkhofs and Lindeboam (1995 and Kreider
(1999.

Kerkhofs & Lindeboan (1995 and Kreider (1999 take avery similar approach. In bah studies the
group d workers is taken as a benchmark and more objedive hedth measures, such as observed chronic

% This is the CERRA household survey, a survey held among elderly workers in 1993 and 1995 The survey is gedficdly
desigred for the analyses of labour market behaviour of elderly workers. In contents and structure this survey is very similar to
the Hedth and Retirement Survey (HRS).



hedth dsorders (Kreider), or a more objedive medicd test score (Kerkhafs & Lindeboam), are used to
filter out the bias relative to the group d workers. The genera ideais that workers have no incentives to
report with error. The fundamenta assumption is that the observed more objedive hedth measure ads as a
sufficient statistic for the dfed of work on hedth, and that therefore remaining systematic differences
between the subjedive and ohedive measures aaossthe labour market states can be dtributed to reporting
errors. Both approades al ow for diff erent resporse behaviour aaossthe different labou market states, and
therefore differ from studies that use an instrumenting procedure that does nat exploit the information from
different groups on the labour market explicitly (such as Stern (1990, Aarts & de Jong (1992 and Dweyer
& Mitchell (1998.

The main problem with the gproaces taken by Kerkhafs & Lindeboom and Kreider is that their
approaches will fail to produce orred estimates of the biasin the hedth resporses, in the cae that there ae
unolservables that affed both hedth and work. The unolservables make included labou market variables
in threshdds of the ordered resporse modelsin Kerkhaofs & Lindeboam effedively endagenos. In principle
the same aitic gpplies to Kreider's paper. He estimates the reporting errors model on workers aone and
digtill ates the reporting errors from a comparison d the results of this (limited information) model with the
outcome of a model based onthe full sample (i.e. workers and nonworkers). In the cae that there ae
unolservables that affed both hedth and work, differences may refled differences in reporting behaviour
and dher behavioural diff erences that may exist between workers and nonworkers. Moreover, the presence
of unolservables makes the objedive hedth measure(s) included in their models eff edively endogenots.

A way to ded with thisform of (‘clasdcd’) endogeneity is to extent the hedth-reparting model with a
model for the dynamics in hedth and the way in which work dedsions affed hedth outcomes. Estimates of
this part of the model serve the literature on retirement behaviour of elderly and puldic pdicy. To start with
the latter, hedth and productivity are strongly related and pdicies to fight ealy withdrawal from the labour
force dl aim at postporning retirement. In the context of arapidly ageing society it isimportant to uncerstand
that postporement of retirement ages has dired consequences for the hedth condtion d the popuation. It is
of dired importance for the retirement literature, as it implies that hedth, bu also instruments based on
objedive hedth measures, shoud be treaed as endagenous variablesin retirement models. Up to now thisis
mostly ignored”.

Subjedive hedth measures obtained from data of elderly will always be cntaminated by biased
resporses. The extent to which thisoccurs will crucially depend uponthe institutional set up, andthe way in
which (notably) Disability Insurance schemes allow for retirement for other reasons then hedth. We
therefore briefly discussin sedion 2 the main elements of the Social Seaurity and pension system in the
Netherlands. Sedion 3 pesents a moddl for hedth and work dedsions of the dderly. In sedion 4 we
formulate our hedth reporting model and state condtions under which ou model could be used to identify
the relative importance of reporting behaviour in survey data. Sedion 5 describes the data. The empiricd
implementation d the model and results are presented in sedion 6.Sedion 7summarises and concludes.

“An exception is Sicklessand Taubmann (1986, who estimate amodel for retirement behaviour, where hedth istreded as an
endogenous variable. They do, however, not consider the issue of reporting errors.



2 A brief introduction to the Dutch system

Dutch benefit programmes can be divided into Socia Seaurity benefit programmes and employer provided
Early Retirement (ER) programmes. Social Seaurity programmes consists of Unemployment Insurance (Ul)
and Disability Insurance (DI) programmes. Unemployment Insurance programmes can be divided into
Unemployment Benefit (UB) programmes, to provide asafety net for those who lose their income due to
involuntary unemployment, and social asdstance (SA) provisions.

The UB entitlement period depends upon pevious job tenure and work experience and lasts up to a
maximum of 5 yeas. Benefit replacement rates are afixed percentage (70%) of previous gross eanings.
Benefit redpients have to be in adive seach for employment to maintain (full) benefits. Redpients 57,5
yeas and dder are exempted from the adive seach requirement. As aresult UB is often a source of pre-
pension retirement income for elderly workers. At the conclusion d the UB entitlement period, the
unemployed can apply for SA. However, the drop in uremployment benefit levels may be substantial as SA
benefits are seventy percent of minimum wages (the monthly gross minimum wage was 2,163 Dutch
guildersin 1994. SA benefits are provided upto the mandatory retirement age (65 yeas).

Disability Insurance (DI) is provided to proted those who have aphysicd and/or mental inability to
perform gainful employment. Up to the summer of 1993, lenefit levels were 70 percent of grosseanings
andin pradicewere provided upto the mandatory retirement age. Thowh nd designed for that purpose, in
the past, DI schemes have been used as an exit route for elderly workers (hedthy and unfedthy) with
consent of the enployer, the worker and the DI administrators (seefor instance, Aarts & de Jong (1992). To
reduce the number of DI beneficiaries the government tightened DI regulations in the summer of 1993 and
introduced a limited benefit entitlement period and medicd examinations at regular times to assess the
disability status of the redpient. Due to pditicd presaure beneficiaries 45 yeas and dder were exempted
from the tighter rules. Since 1993the DI entitlement period degpends on age and ranges from O to 6 yeas.
After thisinitial entitlement period kenefits levels are lowered, acording to a function d previous wages,
minimum wages and age.” )). For workers of 58 yeas and dder, full DI benefits are provided up to the
mandatory age of retirement (age 65). Despite the dforts to reduce the inflow into DI schemes, the number
of DI claimants continued to grow. In 1970abou 200,000were erolled in the DI scheme, in 1980this has
grown to 650,000and continued to grow to abou 900,000 nw. Since the mid nineteen eighties the
eonanic recwvery has led to a growth o the number of jobs and a steady dedine in the number of
unemployed (currently abou 250,000, bu over these yeas the number of DI redpients continued to grow
a a onstant spedl.

Early Retirement (ER) schemes, introduced in the late seventies, are employer provided schemes and
wereinitially designed as programmes to induce the dderly to retire ealy in order to make room for yourg
unemployed workers. ER replacement rates vary by sedor or even by firm, bu are generaly financialy very
atradive. The average replacement rate is eighty percent of previous grosseanings and in some caes net
replacement rates may be doseto ore. ER digibility typicaly depends on age and/or jobtenure. Since 1957
all residents of the Netherlands are entitled to a flat rate social seaurity benefit at age 65. The monthly
benefit amourt is tied to the government-mandated minimum wage. Almost all workers can supdement

® Detail s on the spedfics of the Ul and DI benefits are avail able upon request.



these basic socia seaurity benefits with mandated employer pension benefits. Kapteyn and De Vos (1997
report that amost all occupationa pension dans are defined benefit plans (usually with pension kenefits
depending on final yea's earnings) and that, together with socia seaurity benefits, they replacebetween 60
and 69 mrcent of the median retireés pre-tax eanings.

Lindeboam (1999 caculated implicit tax rates for ER, Ul and DI schemes in the Netherlands’. These
cdculations showed that it is financially most attradive to apply for ER benefits at the very moment that
a worker beames eligible for ER benefits. Implicit tax rates of these ER schemes are @out 70%’.
Straightforward caculations based on ow data indicae that individual behaviour is consistent with the
incentive structure. Abou 80% of the workers who become digible for an ER scheme retire once they
bewme digible. Thisisrefleded in Dutch participation rates. At age 60 around othy 20% of the workers
is observed to be in paid work. It is important to nde that already at age 55 a significant fradion is
observed to be out of work (30%). At this age workers are rarely eligible for ER benefits and therefore
the larger part of these nonworkers are in either Ul (47%) or DI (53%) schemes. Maximum implicit tax
rates of Ul and DI schemes are dou 60% and peak at age 58. Outflow rates from the stock of non
working individuals appea to be extremely low for Dutch elderly. For elderly Ul and DI redpients adive
seach for (re)employment is nat a requirement for eligibility, and ER redpients adually loose retirement
benefits uponre-entering employment. This makes Ul, DI and ER effedively absorbing retirement states
for elderly workers.

3 A conceptual model for health and retirement

This ®dion describes a model for hedth and retirement dedsions of elderly workers that fit the
ingtitutional set-up o sedion 2. We briefly describe estimation d the model in case one has accessto
perfed information onindividua histories of hedth and work dedsions of elderly workers. We next
discussdifficulties with the implementation d the model in case one has accessto survey data that one
usually hasto rely on.

Retirement behaviour is viewed as a dynamic process in which the dedsion to stop a cortinue
working depends on a comparison d retirement options that become available over time. Retirement
options are tharaderised by retirement date (age) and route (ER, DI, Ul) and consists of padkages of
retirement yeas of leisure and the present discourted value of retirement income streams. Hedth enters
the model because it diredly affeds individual utility (for instance hedth limitations may change
individual tastes). As ER, DI and Ul are pradicdly absorbing nontworking states the optimisation
problemis essentialy an optimal stoppng problem.

More spedficdly, we asume that individuals gart thinking abou retirement at age (age) a=0. The end
of the horizon s fixed and taken at a=T . For eat labour market state we define U, =U(Y«(a),H(a),a) asthe
per period uility flow of being in labou market state k at age a. Uk, depends on income, Y, hedth, H, and
leisure. Leisure isimplicitly defined by the aje a retirement a. Relative preferences for income and leisure

® Defined astheratio of the growth in the present discounted value of the retirement income and the yealy grosswages. See so the
projed by Gruber & Wise (1997).
’ These numbers differ from Kapteyn and De Vos, who report imnplicit tax rates of about 140%. There caculations are based on



may depend on kedth. Note that retirement income of a spedfic route r, r[1{ ER,DI,Ul}, depends uponthe
age of retirement, as entitlement regulations and replacanent rates vary with age. Access to spedfic
retirement routes at different paints in time is determined by digibility condtions. To allow for observed
heterogeneity in retirement patterns, observed indvidua charaderistics and unolserved (randam)
comporents (&) may enter the model. The may be included to acourt for, indvidua heterogeneity,
optimisation errors, and/or uncetainty abou future events.

Given the model structure, the workers optimisation problem can be written as a sequence of per period
dedsions based ona mmparison d the value of to stopwork (V'(a) = U*, + B V'(a+1), r0Aq , for agiven
set of options A, 0 {ER, UI, DI}) and the value of continued (V*(a) = U + B E max{V'(a+1), V*(@)},
with rJAa+). B isthe discourt fador and E the expedations operator. Assumptions regarding the nature of
unotservables determine the esentials of the model. Suppase we asaime perfed foresight abou future
retirement options, and take the unolservables to acourt for optimisation errors and/or utility spedfic
shocks known to the individual worker, but nat to the researcher. Under these assumptions the model bails
down to a single optimisation problem concerning retirement date and exit route taken at the starting date.
Alternatively, urcertainty concerning future stoppng dates and routes may enter the model and we
effedively have adynamic program/optimal stoppng model such as for instance & in Daula and Moffitt
(1995.

Dedsions regarding work affed an individua's hedth. We summarise the work dedsion at age a by
S@). Furthermore, some people may be intrinsicdly more hedthy than ahers. We denate this usually
unokserved fador by y. Individual dedsions regarding hedth related behaviour (Z) would also have an affed
onan indvidual's hedth. Z will typicdly contain elements such as snoking, drinking, exercising etc. Hedth
related behaviour depends on the individual's attitude towards risk and the individua's time discourt rate.
Note that these variables may be unolserved in pradice Inline with this we may spedfy a hedth production
function H(a) as H(a)=F( H(0),50),..Sa),Z(0),.. Z(t),y ).

The retirement model may be solved by the individual, subjed to the hedth production function H(a).
Eadh period the individual worker will make dedsions regarding work and nonwork, considering the
dternative available it routes and the income streams attadhed to ead of these options. The worker takes
into acourt his or her present hedth condtion and will recognise the dfed of work choices on current and
future hedth.

Suppae that one has access to data that fully cover the relevant time period, a=0,...;T, then the
likelihood function associated with an observed sequence of work dedsions (S0),..., ST)) and hedth
outcomes (H(0),...,H(T)) can be written as the product of a series of condtiona transition probabiliti es.

More spedficaly, Pr[0),S1),...St), H(0),H(),....HM] =Pr[SOH@),.....Sa-1),.....]* Pr[HOH(t-

a series of independent transition probabiliti es, in the cae that we observe H and Swithou error and if all
relevant explanatory variables are observed in the data. In pradice these cndtionswill be violated. It will
be difficult to fully observe dl relevant fadors for the hedth and retirement dedsion, a stated dfferently, y
and & , r=UI,DI.ER, are likely to be generated by nondegenerate distributions and are likely to be
correlated. This issue bals down to standard problems for which solutions are readily available. More
importantly, for the present paper is that we do nd observe the true work related hedth (H) and that we

net wages.



therefore nead amodel that relates usually observed hedth indicaiorsto H. We dothisbelow in sedion 4.

4 A modéd for Health Reporting

Reported, subjedive, hedth measures will be denoted H™, for general hedth, and H>", for hedth related to
work adiviti es. Examples of these measures are resporses to guestions like "How goodwould you rate your
hedth? Good, fair..." or "Does yowr hedth limit you in your ability to work? Not at al, alittle....". For
applicaions in Labour supdy and retirement models, a work-related measure like H>Y would be most
appropriate as this measure diredly relates to the restrictions an individual percavesin performing his job.
Thouwgh these hedth measures are typicdly observed as discrete indicaors, we formulate our moddl in terms
of latent variables asaumed to generate the observed indicaors. This fadlit ates the discusson kelow. We
introduce the latent variables representing the true value of general hedth, H*€, and the true value of work
related hedth, H*"". Rather then ore measure for eat type of hedth, H*® and H*" could refer to sets of
hedth measures. For ease of exposition we restrict ourselves to single measures. The key idea of our
approach to analyse reporting errorsis to compare the subjedive hedth measures to an oljedive measure of
hedth.

A physician-diagnosed report would be the ided measure of the respondent’s hedth condtion. This
diagnasis is, hawever, usualy nat available in survey data and we have to rely on aher sources of more
objediveinformation. With resped to arespondnt’s general hedth status a more objedive measure may be
derived from an extensive questionreire on various (chronic) hedth condtions and/or hedth related
impediments in performing a large number of daily adivities. One of such questionreires is the Hopkins
Symptoms Chedklist (HSCL). A score from that list will be used as a more objedive measure for general
hedth in the enpiricd applicaions of sedion 6.We denate this more objedive measure & H°®. It may be
argued that this measure will probebly still be subjed to systematic mis-reporting. If H°C also suffers from
state dependent reporting errors, then ou model will only provide alower bound & the extent of mis-
reporting. Other more objedive measures that could be used are observed mortality ratesin the panel or the
number of visitsto the doctor in the past 12 months. Thouwgh all of these measures are dealy more objedive
then dred questions to an individual’s hedth status, it is likely that they are to spedfic to serve & a
measure of general or work related hedth.

H°® may be animperfedt instrument for H*©. For that purpase an additional set of exogenots variables
X1 may be used to describe H*© sufficiently well . Typicaly, Xy will contain variables sich as age, education,
and gender. If H°® and H*® are disgmilar, the role of the exogenous variables in X; will becme more
important. We exped a minar role of X; when ore amsto use the HSCL-score & a measure for of genera
hedth H°® to describe true general hedth H*©. Modelling work related hedth measures, in X, will gain in
importance we will return to thislater.

As documented in the introduwction, the basic agument in the literature @nsidering the peadliar
relationship between subjedive hedth measures and retirement is that commonly used resporses to hedth
guestions are subjed to roughly two forms of posshle biases. Fird, true hedth may be related to labour
market status S (S=Employed, Unemployed, Disabled o Early Retired). This can be adired causa
relationship, a hedth and labou market status could be indiredly related through unolservables. One way



in which thistype of (‘classcd’) endogeneity emergesif an individual’s hedth and caree are wnsidered to
result from simultaneous investment dedsions regarding educdion, work and hedth. We refer to this kind
of dependence of hedth onlabour market status as type | endogeneity. Secondy, state dependent reporting
behaviour could relate the observed subjedive measures to the labour market status S. This kind o
endageneity will be denated as type Il endogeneity. Below we will state assumptions that alow us to ded
with type Il endageneity, withou needing to consider type | endogeneity diredly. It will, howvever, turn ou
that classcd, type |, endogeneity problems returns in the empiricd implementation d the hedth reporting
model. Wewill ded withthat in sedion 6.

We start with a model for reporting behaviour of general hedth. Of interest for this model are the
observed subjedive hedth measure (H™), the observed oljedive measure (H°®), the true unokserved hedth
measure (H* ©), the labour market state (S) and a set of control variables (X1). We start with an assumption:

Asamption 1 the mndtiond probalility density function (pdf) of H'® condtiond on H°® and S,is
independent of S.Or more formally:

paf (H*®| H°®, X4, 9 7 pdf (H*®| H°®, Xy)

Esentialy this asamption states that the objedive hedth measure, if necessrily asssted by the set of
control variables X;, is asufficient statistic for theimpac of Son H*®. This smply means that added to H®
and Xy, Sdoes nat add information about the latent true hedth variable H*© and therefore any effedt of Son
H*® (type | endogeneity) is assumed to be sufficiently captured by the objedive measure H°® and additi onal
exogenots variables. Thisis equivaent with stating that, with resped to type | endogeneity, S affeds H*©
and H°® (conditional on Xy) in the same way. As by assumption pdf (H ¢ H®, Xy) isidenticd for all
responcents, irrespedive of their value of S any effed of S on the observed subjedive measure (H®),
controlli ng for H°® and X;, must come from reporting behaviour.

It is good to nde that apart from the labour market state S ather exogenous variables guch as for
instance aucaion may also affed reporting behaviour. A higher educated worker may attach a diff erent
meaning to the label “good’ then a non-skill ed worker. This ort of differences in expresson a language
will be catured by a set of exogenous variables Xo. This st of variables is assumed to affed the reported
hedth and nd the unotserved true value of hedth. In pradice it will, however, be difficult to dstinguish
between, X1 and Xo. We will return to thislater. Wefirst return to the hedth-reporting model.

Using the aguments supdied above, we can now spedfy our hedth-reporting model as foll ows:

H*© :fl(HOG, X1,&1; ) (1a)
H® =f,(H*®,S, X082, ) (1b)

The variables g and g are randam disturbances, f; describes the relationship between true hedth and its
instruments and f, represents reporting behaviour. Those out of work are more inclined to bias their
resporee towards poa hedth becaise this is a socially more acceted reason for inadivity or becaise
recept of benefits are contingent upon kad hedth. In Bound (1991) and Stern (1990 reporting errors are
modelled as a relationship between H™ and the wage rate rather than the labour market status S. In the



Netherlands the unemployment benefits, ealy retirement income and dsability allowances are dosely
linked to previous eanings. As a matter of fad, for most benefits shemes, benefits are afixed fradion o
last wages. So, condtional on Slittl e alditional eff eds of wages or income streans are expeded. We will
neverthelessinclude income in the vedor X, , to seeif it affeds response behaviour.

Sincewe do nd observe the true hedth H*© we substitute eguation (1a) into (1b) to oltain:

H® = f3(H°®.S, X, ) (1c)

Equation (1c) isan expressonin terms of observables, X and S,unolservables, g and a parameter vedor
In ou empiricd application we will use abinary indicaor for the subjedive hedth measure and it will
therefore nat be possble to dstinguish whether an exogenous variable dfeds reporting behaviour (the
asaumed effed Xp) or true hedth dfferences (the assumed effed of Xi). This distinction is in principle
posshble in ordered resporse models and we refer for a discusson d this to Kerkhofs and Lindeboam
(1999. For this reason we just refer to the set of exogenous regressors X. The HSCL measure used in the
empiricd applicationis known to be a ecdlent vali dated instrument of general hedth andis used widely in
the medicd sciences. We therefore exped that the dfed of X will | argely represent the dfed of reporting
differencesdue to individual differences.

Under asamption 1the dfed of Swill represent reporting errors and in this resped it is important
that H°® is an oljedive measure of true hedth. If nat, the model will tend to underestimate the true dfed of
state dependent reporting errors. In case it is ojedive (i.e. its dependence on S does nat differ from the
dependence of H*® on S) but it is inacairately measured, then this will be castured by X. Identification dof
the reporting errors in subjedive hedth variables requires a normalisation. We believe that as a natura
choicethe group d employed respondents could be ansidered sincethereisfor this group reither financial
incentives nor any social legiti misation to report with error®.

Equation (1c) can be used to assessthe relative importance of reporting errors in hedth resporses and
estimates from this equation could be used to generate deansed hedth measures that could be used in
additional anayses. However, for analyses in labou supdy models a work related hedth measure rather
then a general hedth measure is required. Below we reformulate assumption 1to oltain a procedure to
eliminate the state dependent reporting errors from subjedive hedth related to work measures.

Denate H?" as the objedive work related hedth measure. Then the analogue of asaumption 1is as
foll ows:

Asamption 1' the mndtiond probalility density function (pdf) of H*" condtiond on H*" and S,is
independent of S.Or more formally:

paf (H*"| HY Y1, 9 0 paf (H*"] H?Y Y1)

This again states that the objedive hedth measure, if necessarily asssted by the set of control variables Ys,
is a sufficient statistic for the impaa of S on H*" and that as a mnsequence S affeds H*" and H*

8 This assumption would be violated in case arrently employed workers respond in anticipation to future non-participation.



(condtiond on Xy) in the same way. And again, by asaumption pdf (H*"| H®", Y1) is identicd for all
responcents, irrespedive of their value of S and therefore any effed of S on the observed subjedive
measure (H*"), controlli ng for H" and Y1, must come from reporting behaviour.

This asaumption daes not add much the solution d the ‘hedth and retirement puza€ (Anderson and
Burkhauser (1985) as the re of the problem in the retirement literature is that H*" is in general not
observed. To make this assumption o use for pradica purposes, a ‘key’ is required that translates H*" to
commonly observed oljedive measures of general hedth. We therefore esaume in addition:

H = 14(HO Y2015 ¢) @)

This asaumption states that H*" can be described completely by H°®, a set of exogenous variables (Y,) and
randam, nonsystematic arors. Equation (2) does nat had in the cae that Saffeas H*" in a different way
then H°®. We will return later to the issue of deding with this. If (2) hdds, then, similar to the derivation o
equation Ic, using asaumption I and equation (2), we obtain:

HY = f5(H°,S,Y,v; ¢) (3)

Equation (3) is asimple relationship that can be estimated dredly from observed data. The relative importance
of the dfea Y in (3) will depend strongly on the dissmilarity between H* and H°®. In the cae that both
asumption 1 and equetion (2) had, Swill represent the efff ed of reporting errors on the subjedive work related
hedth measure. Next, estimates of (3) can be used dredly to asessthe importance of reporting errors and to
produce deansed (from reporting errors) work related hedth measuresthat can be used in additional analyses.

In case that (2) fails to hdd, Y may capture much o the dfed of S, but it will not prevent biased
estimates of the dfed of S Equation (2) may fail to hdd, for instance because Sis omitted wrongly from
the right hand side of the equation. If thisis the cae, the dfed of Sfrom (3) will i nclude bath the causal
effed from labou market status on work-related hedth and the dfed of reporting errors. In this stuation it
may be desirable to oltain the dfed of reporting errors from equation (1c). If one is willi ng to believe that
H% and H*® are dfeded in the same way by individual reporting behaviour, then it may be desirable to
jointly estimate equation (1c) and (3) and impose this restriction dredly. As a matter of fad, under the
'equal resporse aror' restrictionit can be tested whether Siswrongly omitted from (2).

Equation may also fal to hdd in pradicd Stuations becaise we ae naot able to fully observe dl

relevant fadors Y.. These omitted fadors from Y. may be arrelated with labour market staus and the
objedive general headth meausre H°. These unokservables will show up in the eror term of equation (3)
(v) and will cause nonorthogonality of the included variables (H°® and S and the eror term. Dired
estimation d (3) will result in biased estimates. A similar argument may hold for model (1¢). In pradicd
situations we may nat be ale to acarrately observe dl relevant fadors of , X; and these omitted variables
may be orrelated with H°® and S and show up in the aror term of (1c). In essnce type | endogeneity
problems (through unolservables) return into the model (1c) and (3) and we have to seehow to hande with
these problems in pradicd situations. We will do this later in sedion 6.We first give abrief description o
our data.



5 Data

Data ae obtained from the first two waves of the CERRA panel survey. The CERRA panel survey is a
Dutch survey that is designed spedficdly for the analysis of hedth and retirement issues and resembles the
Michigan Survey Centre's well known Hedth and Retirement Survey (HRS). The first wave was fielded in
the fall of 1993and consists of 4727 hogehdds in which the head o the househdd (i.e., the main income
eaner) was between 43and 63yeas of age & the date of the interview. In ead howsehdd bah head and
partner, if present, were interviewed. In the fall of 1995the same respondents were @mntaded for a second
interview. Approximately 74% of the first wave responcdents participated in the sesaondwave, which resulted
in abou 3500 hogehdds. For ead wave extensive information is obtained onlabou history and current
labour market status, sources of income, attitude towards retirement, howing, hedth and a variety of socio-
eanamic variables.

Internal evaluations of item nonrresporse and representativenessof the first wave of data show them to
be of high quality. In general, item nonresporse was not a problem. Non-resporse was, however, relatively
high for the income questions, with a nonresporse rate of up to 30 percent for some income sources. The
CERRA data were ompared to data from the Netherlands Central Bureau of Statistics and foundto be
comparable based onage, sex, labou market status, and education.

The hedth variables in the sample cntain, among others, commonly used subjedive measures
such as answers to the questions 'how goodwould you rate your hedth' and 'does your hedth limit you
in your ability to work'. Less sibjedive measures like the number of visits to a physician in the past 12
months, whether one was haospitalised in the past 12 months, whether one has experienced a dronic
condtion and the outcome of the Hopkins Symptom Chedlist (HSCL). The HSCL is a validated
objedive test of general hedth used in the medicd sciences to assessthe psycho-neurotic and somatic
pathdogy of patients (respondents). The HSCL consists of 57 items and is known to have an excdlent
rate of internal consistency, meaning that the test results are highly correlated with oljedive medicd
reports on the patients' hedth status. The resporses to these 57 questions result in a menta score, a
physicd score and atotal hedth score. In ou analyses we will use the total hedth score. The alvantage
of this HSCL measure over a subjedively, sdf-asessed hedth measuresisthat it is freeof (or at least
less engitive to) reporting errors that may depend uporthe responcdent's labour market status. Table Al
of the gpendix provides aImmary statistics of our sample.

6 Empirical implementation of the model and results

At time/age t, the resporses of individual i to subjedive hedth measures h;>' and h,™ are measured as
dichatomous variables. It is therefore natural to take the spedfication d f; and fs of equations (1¢) and
(3), respedively along the lines of a prohit model. So:

Hi™ = f(Hi°% 0% + F(St ) + X 0 + 8+ & (4)



H™ = g'(Hi°% 9% + g(Se @) + Y " + 8™ + we (5)

And the hedth resporse is defined as hi =1 if Hi > 0 and hi =0 atherwise, K=SG, SV. Equation (4)
and (5) are considered jointly. In case oneis lely interested in the importance resporse bias, modd (4)
would suffice dore. In case the objedive is to construct a work related hedth measure that is free of
reporting errors, equation (5) neads to be alded. As suggested in sedion 4,ajoint model will aso be of
help in validating the results obtained from separate analyses and that it therefore will add to ou
understanding of the reproting medanisms.

In the empiricd analyses we will take f* and g* as a quadratic function and * and g” as dummies for
the diff erent labour market states (Work, ER, DI and Ul). Asdiscussed in sedion 4,X; and Y; are sets of
exogenous (time-varying and time-constant) variables included to corred for differences between the
true hedth concepts (H*® respedively H*") and the observed oljedive measure (H°®) and to acourt
for noncomparabilit y of responcents.

Our empiricd spedficaion d the hedth-reporting model of sedion 4includes individua spedfic
comporents &° and 5. Asamption land I arerelatively weak asamptions, bu is concdvable that
we may nat be dle to fully observe dl relevant fadors (X and Y)of the hedth-reporting model. The
clasdcd endageneity problem re-enters the empiricd model as it is concdvable that these omitted
variables are orrelated with included (functions of) H*®and S.A natural way to ded with this problem,
is to extend the model (4) and (5) with amode! for hedth (H°®) and retirement (S). We will present the
full model below and dscusswhat can be leaned from it. It will be agued that joint estimation d the
three models will be awimbersome and that for our purposes, where we want to construct a model to
digtill ate reporting errors from suljedive data, such an approach would go far beyond the scope of this
paper. We therefore focus on alternative ways of estimating relevant parts of the model.

To start with the retirement model, as gated in sedion 3, the workers retirement dedcion is
esentialy an otimal stoppng model, where the optimal age of retirement results from a cmparison
of alternative retirement options that come avail able over time. A convenient way of incorporating the
structure sketched in sedion 3is by means of a ampeting risk model for employment duration. The
“risks’are retirement through the dternative exit routes: ER, DI and Ul. The hazard rate out of work to
retirement can be written as:

o(t; Hi*", X6, &) = STkon 8t Hiet Y, Xe ,6°,&5) (6)

The summation is taken over the set of retirement options As O {UI,DI,ER} that are available to the
individual at age a. To cgpture some of the structure of the theoreticd model, the hazards, * er * o and
* ui, may depend onthe set of retirement options open to the individual at age a andin the future’. The
hazards include the true, namally unolserved, work related hedth concept. Equation (6) can be used to
generate an unhbased work related hedth concept. The dependence of 5 andor 5> onstate S may
be spedfied as the dependence of these terms with the individual comporenent from the retirement

° One way to ded with thisisto cdculate route and date spedfic retirement income streams and add these to the spedfication in
al hazads. Thisapproadisfor instancetaken in Borsch-Supan (1998. Alternatively, a structural approach can be taken (see
for instance Daula and Moffitt (1996).



model to &

The dependenceof &> and 5> on Hi°® can be made explicit by the empricd courterpart of the
hedth production function o sedion 3.In this function obsevred hedth at a paint in time H;"® isa
function d the history of work dedsions (of ' S, du), a set of observed charaderistics (Xi) and
unotservables (y). We only observe hedth at two pantsin time and the survey ladks information onthe
history of hedth related dedsions (the vedor Z of sedion 3. We therefore have to assume that o
encompasss elements of the initial stock of hedth and dedsions made in the murse of the life g/cle
regarding hedth. More spedficadly:

Hi®® =010 + 01 of ' Su du + 02X + yi + i (7

where i is an iid error term that is independent of of ' Liy du, X and yi. Clealy, when hedth related
dedsions and work related dedsions are mnsidered simultaneously (as in the model of sedion 3, then
v will be crrelated with of* Sy du.

The full model (4)-(7) is very useful. It enables one to establish the extend to which subjedive
hedth measures are biased, and provides us a model to generate deansed work related hedth measures
that could be used in the retirement model (6). This retirement model gives us the dfed of hedth and
financial incentives on the retirement dedsion. Finally, equation (7) could be used to assessthe dfed of
work (history) on general hedth. Note furthermore, that in case one is willing to asume that the
reporting bias in Hi™ and Hi>" is equal, that in that case the asumption undrlying equation (2) could
be tested. In case euation (2) does not hdd, the dfed of ¢S in equation (5) includes the dfed of
reporting bias and the causal effed of labour market states on work related hedth. Joint estimation o
(4) and (5) fadlit atesidentification o bath effeds.

To consistently estimate the parameters of the hedth-reporting model ((4) and (5)), estimation d
the full model could be considered. The likelihoodcortributions consist of probabiliti es associated with
the joint event of observing labour market states, subjedive hedth indicaors and olserved oljedive
hedth, for ead individua at different points in time. The standard approach is to spedfy these
contributions to the likelihood function condtional on the unotservables of the model (5%, &
&2 ,&Y ) and to integrate these out from the likelihood function. In general the analyses becmes
cumbersome & smulation methods are required to numericdly integrate these (6) unotservables out of
the likelihood function. Alternatively, we can see under which condtions relatively simple methods
could be employed, without nealing to estimate equation (4)-(7) jointly.

Let's consider estimation d equation (4). A naive @proach would be to asuime that 5§ is
orthogonal to the included regresors (X, f'(Hi°%; w’°), f(St; ). In this case simple randam effed
probit models could be enployed to estimate (4) (and (5)) separately from the other equations of the
model. In case 5 is correlated with either Xy, f'(Hi°%w °) or f(St;w) aternatives need to be
considered. One of these dternativesisto use afixed effed logit spedfication for (4). This approach
may be gpeding as it requires no asumptions on the distribution d the unolservables nor does it
restrict the unolservables to be crrelated with the included regresors. A clea drawbad is that a
large number of observations may be lost in the estimation pocedure. The fixed effeds are
effedively identified on olserved changesin individual response behaviour. Our survey only consists



of two waves and it is concavable that of those dready out of work at wave 1, orly a few would
change their resporse in the next wave.

The orrelation between 5> and the potentially endogenous variables could also be spedfied
diredly, for instance & & = Z'n + y . The vedor Z needs to include aset of instruments that cepture
the rrelation between §>° and f'(Hi"% w™®) and f(S;; ). @ is addtiondl randam naise that is
independent of Z. A straightforward applicaion d Mundak (1974 would beto take Z asthe arerages
over time of the potential endagenous variables. Espedally with relatively short panels as ours, it may
be the cae that Z is grongly correlated with f'(Hi°%w %) and f(Si;w). The function (S )
represents the dfed of state-dependent reporting behaviour and it may be difficult to oltain a predse
estimate of thisif it istoo strongly correlated with Z.

To circumvent this problem we @uld aternatively, exploit the information that is available in the
hedth stock equation (7) to consistently estimate equation (4) (and (5)). Hi°® is measured as the
outcome of the HSCL score and ranges from O to 171.Therefore (7) coud be estimated using fixed
effed regressontedhniques. In this way dependence of y with the included regressors, of which current
labour market status and Hstory are the most prominent variables, is dedt with in the most flexible way.
Clealy, the fixed effed y is diredly related to S; and Hi°® and it would therefore serve & a perfed
instrument to be included to capture the @rrelation etween 5 and f'(Hi°% %) and (St w) in
equation (4) (and (5))*°. So we could spedfy the dependence & follows: 3 = iy y + g, and substitite
thisinto (4) and estimate this modified equation (4) equation with standard random effect methods™.

Below we discussed results from various models. In table 1 we present the results of different
spedficaions of the hedth-reparting model. The tables present results for the subjedive measure of
genera hedth and the subjedive work related hedth measure. Spedfication | of ead table give the
results of smple probit analyses, where asence of unolservables is assumed. Spedficdion Il presents
the results of arandam effed prohbit spedficaion. Spedficaionlll, gives the “Mundak-spedficdion d
themodd (& =Z'n + ¢, K=SG, SN) and spedficaion 1V, the spedficationwhere (6" = ny + ¢/,
K=SG, SN). Table 2 presents the results of the fixed effed spedficaion o the H°® equation. This
supdementary table provides the results of the model uncerlying the instrument . In addition the
results have merit on their own, as it the results give us dired insight into the dfed of work and work
history on hedth oucomes. We start with adiscusson d table 1a

<Table la and 1baround lere>

1% More spedficaly,the fixed effed y can be expressed as Hi. % -aq f (9-a2Xi-pi.. The symbd fi. (S represents the
average over time of of' S, du, H:.°® representsthe average over time of Hy °¢, and X.. and ;. are defined similarly (see
for ingtanceHsiao (19869).

" There ae different ways of including the fixed effed y in the spedfication subjedive hedth models. It isimportant to note that
inclusion of an estimate of the fixed effed introduces additional noise that will cetainly be correlated with the labour market status
and oljedive hedth variablesin equation (4) and (5). Alternatively, one @muld use the expresson of the previous foatnote in terms of
the true parameters o’ s and include the separate components of the fixed effed expresson as extra explanatory variablesin model

(4) and (5). So include, Hi.%C, f. (9 and X;. asextraregresorsin (4) and (5). Therandom effeds of the resulting equation (4) (and
(5)) includes the term ;.



Thefirst part of table 1aincludes the results for the control variables. These ae mainly included to
corred for the disgmilarity between the true hedth the objedive measure (Xi)and to corred for
differences in meanings that individuals might have to dfferent labels (X;). The second el of the
table is the part that controls for the instrument for true hedth. If assumption 1 hads, no additional
effed of S may be epeded, urless people in dfferent states report differently (state-dependent
reporting errors). The third panel of the table reports on this. In this panel the enmployed workers are
taken as the referencegroup.

To start with the are of the table: it can be seen dredly that people in dsability overstate their
hedth problems and people in ER tend to understate their hedth problems. No diff erences in reporting
behaviowr are foundfor people on Ul. The size of the dfed differs adossthe various gedficaiors.
The naive spedficdion (I) gives the smalest effeds, for al labou markets sate dummies. In
spedficaion Il (standard randam effeds approac) the size of the dfed for DI and ER are more
pronourced. The results of spedficaion Il are biased in case that the unolservables are @rrelated with
the included labou market state dummies. Spedficaionll and 1V indicae that one needs to corred for
correlation ketween the unolservables and the included variables, in arder to avoid biases. |

The results of the first panel of the reveds that there ae little dfeds found from the included
exogenots variables. At the very least this indicates that the objedive hedth measures (Hi°¢ and its
squared value) are cgable of correding for existing differences between individuals in hedth status.
This hdds for al spedfication, thowh the size of effed of the wntrol variables differs aaoss the
spedficaionrs.

The results for the work related hedth measure (table 1b) is to some extend similar: people on DI
benefits tend to overstate their hedth problems. The size of the dfed is, however, more pronourced
then the results foundin table 1a and the results vary more strongly acossthe diff erent spedficaions.
To start with the latter: thisis plausible, as it will be more difficult to cover work related hedth with
observed exogenous variables and an oljedive measure of general hedth (cf H™ = f4(H Yo, ; ¢).
This dissmilarity between the work related hedth concept and the true hedth concept and H°® and Y,
will beincluded in the aror term and it is likley that it is correlated with Sand/or HC. It is therefore to
be expeded that a naive spedficaion (I or Il) differs much from a spedficaion where one crtrols for
this (spedficaion Il and IV). It isinteresting to nde that the size of the reporting errors is much more
pronourced in spedficaions| and Il as compared to spedficaions|ll and V. The results of the last two
columns are lessextreme and, as in the results of table 1a, allowing for correlation suppresss the dfed
of the DI dummie.

This table indicaes that disabled tend to overstate their hedth problems in case one aks them if
they can perform their work. Reporting behaviour does nat significantly differ between Ul redpients,
ER redpients and employed workers. This differs from the results of table 1a. It is concavable that
individuals report differently if they respondto questions concening hedth as far as it is related to
work.

The results of spedfcation Iv in tables 1a and 1bdepend onthe instrument derived from the fixed
effed of the hedth stock equation (7). We briefly return to the results of a fixed effeds panel data
model. The results indicae is hedth deteriorates faster for people & work then for people out of work
(see the dummies for labour market status). It is important to nde that these results are wmpletely



overturned in case one uses a simple regresson model where one does nat corred for unolservables,
possbly correlated with unolservables. In this gedficaion an oppaite dfed was found. Work
improves hedth. Clealy thisrefleds the fad that those observed to be working arein better hedth. This
has two implications. First, when estimating retirement models, ore has to take into acourt that hedth
and work are endogenowsly related and that work affeds hedth dredly. Secndy, mostretirement
pdicies are amed at diredly increasng the age of retirement. This result may indicate that this has an
effed onthe hedth condtion d the popuation.

7 Conclusions

In empiricd studies of retirement dedsions of the dderly, hedth is often foundto have alarge, if nat
dominant, effed. Depending on which hedth measures are used, these estimated effeds may be
biased estimates of the caisal effed of hedth onthe dependent variable(s).Reseach indicaes that
subjedive, self-assessed hedth measures may be dfeded by endagenous reporting behaviour and
even if an ohjedive hedth measure is used, it is nat likely to be strictly exogenous to labour market
status or labour income. Hedth and labou market variables will be arrelated becaise of unolserved
individual-spedfic charaderistics (e.g., investments in human capital and hedth capital). Moreover,
one's labour market status may be expeded to have a(reverse) causa effed on current and future
hedth. In this paper we analyse the relative importance of these endogeneity and measurement issues
in the context of amodel of ealy retirement dedsions. We state assumptions under which we can use
relatively simple methods to assess the relative importance of state dependent reporting errors in
individual resporses to hedth guestions. The estimation results indicate that among responcents
recaving disability insurance dlowance, reporting errors are large and systematic and that therefore
using these measures in retirement models may seriously bias the parameter estimates and the
conclusions drawn from these. We furthermore foundthat hedth deteriorates with work and that the
two variables are endagenously related.
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Table 2 Fixed effed regresson model for HSCL scores (high is unhedthy)®.

Variable Param. (t-stat)
Const 8.522 (2.3
Age -0.362 (2.9
Age’ 0.004 (3.1
Partner -0.200 (1.1
Family size 0.059 (1.9
Female* Age -0.048 (1.9
# months ever worked 0.002 (0.5
# months past 10yrs 0.0158 (2.7
# months past 10yrs gyuared -0.00009 (3.4
Income strean/1000 -0.000 (0.7
DI -0.301 (2.0
ul -0.227 (2.1
ER -0.223 (2.5
DI (2 yrslagged) 0.444 (2.9
Ul (2 yrslagged) -0.002 (0.0
ER (2 yrslagged) 0.102 (0.9
R®  0.0257

1 A Hausman test of the random effed versus the fixed effed spedficaion turned out to strongly suppart the
fixed effed spedfication.






