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1 Introduction
This paper addresses the relation between healthabor supply decisions of older workers.
For this, two issues are patrticularly relevantstiyr the relationship between health and work is
complex, encompassing direct causal effects otteal work and/ice versaand also
correlations reflecting the impact of confoundiregiables, some of which may be
unobservable. Secondly, in addition to this ‘cleeSsimultaneity issue, further endogeneity
problems may arise by the way in which the reletaaith status is observed in social surveys.
These usually contain direct self-assessmenteabttent to which health limits the ability to do
paid work and various indicators of an individuatiere general health status, such as the
presence of chronic health conditions or checktigtiifficulties performing a range of daily
activities. In a model of labor force participationretirement decisions a work-related health
measure may be most appropriate and the use ofgeosgal health indicators could lead to
errors—in-variables bias of parameter estimatesh®mwther hand, self-reports on health-related
limitations to perform work may differ accordingttee labor market status of the respondent. A
person receiving disability pay may rationalizecinaty by exaggerating his or her health
problems. It may be socially more accepted to tepealth problems as the main determinant for
inactivity and for some Social Security Benefitstably Disability Insurance Benefits, eligibility
conditions are contingent upon bad health (Boug81). Individuals without a paid job might
therefore be inclined to overstate health problér ‘state-dependent’ reporting, also known as
‘justification’, implies that when these measuresased in empirical models one is likely to
overestimate the effect of health and underestithateffect of other variables, such as economic
incentives. The relevance of this type of reporbias will differ across countries as it is likedy
depend on the accessibility and generosity of ther@grams.

Most European countries have Social Security systéat discourage continued work of
older workers (see for instance the country stuidje&ruber and Wise (1998) and the
references listed therein). The Netherlands usée @n extreme case. Since the mid-seventies

of the past century, labor force participation satéolder (55+) males have dropped 40% points



to a level of about 40% in the early 1990’s. Emplogrovided Early Retirement (ER) schemes
allowed for retirement at the age of 60, or somesiraven earlier. In addition to these schemes
Unemployment Insurance schemes (Ul) and Disabilisyrance schemes (DI) had been used as
an alternative route for retirement (see for instarh\arts and de Jong (1992)). In the second half
of the 1990’s early retirement schemes were grdoelde less attractive and more recently the
DI system has been reformed, leading to a risediparticipation rates in the 55+ age range.
Strong incentive effects of DI schemes have alsmlf@und for a number of other countries.
Bound and Burkhauser (2000) noted that “the prexal®f disability transfer recipients per
worker has increased at all working ages overdbieduarter of the century in the United States
and in the Netherlands, Sweden and Germany. Thisides with an increase in both access to
and the generosity of publicly provided social iegice and social welfare programs targeted at
people with disabilities in the industrialized waitI This implies that in many countries the stock
of DI recipients may not only consist of individsalho are in poor health, which has important
consequences for social security policy and fotiegypesearch in labor and health economics.

The above implies that an analysis of the inteti@iabetween health and work requires
a joint model for work decisions, healihd health-reporting. The contribution of this pager i
to specify a model that addresses these methodalqgioblems simultaneously. We estimate it
on Dutch longitudinal data. Under the assumptiorntsié model, it generates consistent
estimates of i) the effect of health and finangiakntives on work, ii) of the effect of work
(history) on health and iii) of the size of thewejing errors in the self-reported health measure
that is used. In addition, we provide a procedaresfiminating state-dependent, reporting
errors from subjective health data, which may bevent for a wider range of applications.

The remainder of the article is organized as fallo8ection 2 presents the general outline
of the model for health, work decisions and he@fforting. Section 3 discusses the data that are
used in the empirical application. This applicatzoml its results are discussed in Section 4 and

section 5 concludes.



2 A model for health, work and health reporting

In order to study the interrelation between heaittl work at older ages empirically, we need to
specify a model that addresses the methodologioalgms mentioned above. More
specifically, the model should describe how worHdl aork history affect health and how health
and financial incentives affect the labor forcetiggration decision of older workers. In
addition, the model should account for systemaggeticularly state-dependent, differences in
how people report on the extent to which theirighib perform work is limited by health
problems. This section presents the general steicfithe model and its empirical

implementation.

2.1 Health variables

Most social surveys contain a self-assessed iratichthe extent to which health problems
limit the ability to work. Such measures clearlgpyide the most relevant information for labor
supply and retirement models, but as argued imntih@duction, they may be biased towards
poor health for some groups of respondents thadatref work.Justification biasor state-
dependent reportinghnay make such indicators endogenous in the coafdabor supply or
retirement models and may lead to an upward bi#iseoéstimated effect of health.

Most surveys also contain other health measureéstbdess likely to be affected by
justification bias, but that do not specificallyate to work. Examples are the prevalence of
certain conditions, test scores based on checkliggmptoms and self-ratings of health in
general. The drawback of these measures is thatdete to an individual’generalhealth
status, rather than to the ability to perform paaik. As such they are typically noisy indicators
of the relevant work-related health status andiegibn in labor supply and retirement models
will generally lead to a downward bias of the estied effect of health. Bound (1991) provides
an extensive discussion of the biases involveteruse of different kinds of health measures in

retirement models.



2.2 State-dependent reporting

The general idea of combining the information fraself-assessed and potentially endogenous
work-related health measure and a more generahheahsure, which is less sensitive to state-
dependent reporting, is to use the second measuaoerect for systematic response bias in the
work-related health measure. There is evidencpitification bias or state-dependent reporting
in the self-reports if the difference between theasures shows systematic variation across
labor market states. Assuming that the more geheedth measure is not affected by state-
dependent reporting, it can be used as a benchmadsess what the work-related measure
would be without justification bias. This ‘cleanshdalth measure could then be used in a model
for labor supply or retirement decisions. The atkga of explicitly modeling the response
mechanism is not only that it offers the opportutgtuse the valuable information from the work
limitations question for the analysis of the labopply decision, but also provides information
about the extent of the bias in the work-relateglitheneasure.

The comparison between the two health measureads ity modeling the response
mechanism explicitly. To fix ideas, letbe an ordinal measure based on a survey queit@n |
“does your health limit you in the kind and amoahtvork that you can do?” Typically, the
answer will be one out & ordered response categories. For individwaaltimet, the response
to the work limitations question can then be désatiby the latent index model:

Hi =k = 0a(Sit) <Hit <ce(Syp), fork=1,.,K )
whereS denotes the labor market status artlde thresholds that separate the ranges of the
latent indexH* that correspond to each of the response catedofigsically, Swill also be a
categorical variable denoting the possible laborketsstatesH is affected by labor market
statusS for two reasons: by the direct (causal) impadheflabor market status on health and by

how responses are affected by justification biashé context of the latent index specification

(1), the first effect is hovs affects the latent health indeX and the second effect is captured

1 Wherec, = <0 andck = . See Terza (1985) for a discussion of generalized ordespdmse models.



by the dependence of the response threslaasS. Reporting behavior may also depend on
other individual characteristics and therefore ocoéld specify the reporting thresholds as
functions ofSandX. Coherency of this type of ordered response madglires that the
thresholds do not cross, i&(.) <c(.). Increasing the number of variables in the spestifdn
of the threshold increases the risk of incoherehyreover, for our present purpose, we only
need to distinguish between the direct causal effied any justification bias related$oHere,
we will therefore only focus on differential repiog with respect to labor market stafiésee
also section 2.5).

We model the latent health inde¢ using a more general health meastt®) @nd a
set of additional control variableé®. For identification of the justification bias csed bySwe
assume thati ° is not affected by justification bias and additiiy we have to assume that the
direct causal impact of the labor market statutherlatent health indei{* is sufficiently

captured by its impact dn °

Assumptiord: Conditional orH °, a set of exogenous variabks and an individual effeof,

the labor market statu§)(has no additional effect d#*. So:

pdf (HH®,S, X", #") = pdf (H'|HC, X" ,n").

This conditional independence assumption impliasithempirical applications we can
compare responses to the question about limitaflehacross labor market states, after
controlling for exogenous characteristie® (andn*) and another observed health measure that
is believed not to be affected by justificationsid °).? After controlling forH °, X* and;y*, any

remaining variation o across labor market states can then be interpast@dstification bias.

2H° does not need to be observed without error. What is regsithdtithe measurement error is not
related to the labor market status of the respondent.



In the empirical application (section 4) we willeuthe score of the Hopkins Symptoms
Checklist (HSCL) foH°. This is a list of 57 questions that form a vatiédhtest of an
individual's general health status, which is usethe medical sciences to assess the psycho-
neurotic and somatic pathology of patients (see@atiset al, 1974). The HSCL is known to
have an excellent rate of external consistencyningdhat the test results are highly correlated
with objective medical reports on the patients’lthestatus. In the survey, the complete checklist
is part of the self-administered questionnaireitierviewer). Furthermore, it consists of items
related to a wide range of specific somatic andtaidrealth issues and in the questions there is
no reference to work or benefits. We thereforektliiiis reasonable to assume that this measure
is not sensitive to justification bias and suffitig versatile to support assumptiori The
health limitations variablél is based on the question ‘Does your health limit 1 the kind and
the amount of work that you can do?’. The respaasgegories are that health (1) ‘causes no
problem’, (2) ‘causes some problems’, (3) ‘causa®re difficulties’ and (4) ‘makes it impossible
to work’, soK=4 in the empirical application. For the labor n&rktatuss we distinguish four
states: work, unemployed (Ul), disabled (DI) andyeztired (ER).

The relationship betwee* andH ° is specified as a linear regression model, which b
assumption 1 is now also satisfied conditionaton

Hit = THE + Xi ™ + i + e (2)
wherern* is an unobserved individual component ahis an iid error term. After substitution

of (2) in (1) we get:
Hi =k = Ca(Sit)<alH + X f +rn +ep <c(Sy), fork=1,.,K (1)

In the empirical application we will assume tha tandom errore* are independently

distributed normal random variables with mean O\arthnce 1. The reporting thresholds are

% At least it would seem reasonable to assume that thé t36@te is less likely to be affected by
justification bias than the direct measure of health-rélpteblems regarding paid worHY). If the
HSCL-score also suffers from justification error, theults show by how much justification error is
stronger for the direct health indicatdrthan for the HSCL-score. In that case, the effeastffjcation
bias will be mitigated, though not fully eliminated.



defined as separate constants for each labor nstektet i.e.c, (S) :t//ks, k=1..,K and

—w =y <y <yy <..<yg =, for S=UI, DI, ER, WorkUnder assumption 1 these sets of

state-specific threshold parameters would be idahin the absence of justification bias. Any
differences describe the impact of state depenggotting. In comparing the values of the
thresholds across labor market states, we wiltlhisevorkers as the reference group. This
choice is based on the assumption that workers th@ieast incentives to overstate health
problems (see e.g. McGarry, 2004, Kreider, 1996, kerkhofs and Lindeboom, 1995).

In retirement models the effect of health is ulguaken into account by including a
dichotomous health indicat@r that has the value 1 if the respondent reportat@ health
problems that make it difficult or impossible tokp(H>2)and the value 0 otherwisd<£1 or

2). The expected value of this dummy variable cacdmputed from (1) as:
EQDR) =Pr(Hi >c5 [H, Xit 1) =1-0(y3 ~a HE = Xi S =) (3)
If for some group of respondents the valuespfs below that of workers, the effect of

justification turns up as a higher expected valud® health dummip, leading to diased

estimate of the corresponding parameter in theeragnt model. For non-working respondents
(S=Ul, DI, ER) we can use the workers’ thresha)d(ﬁ"Ork to compute HD"°™*), the expected

value of the self-reported health dummy if the oegfent would have been working. The
difference between B) and EPV°) can be seen as a measure for justification histsis

ork

variable. Following this line of reasoning,[(°*) can be used as instrument for the dummy
variableD in labor supply or retirement models in order¢oaunt for state-dependent reporting

of health problems.

2.3 Labor supply and retirement
As we are mainly interested in work and retirenfesrh the labor force, we focus on transitions

from work to unemployment, disability or (early}irement. This is done by modeling the



probability of being in either one of these staiekaving a paid job at tinte conditional on

having a paid job at timel. This probability is denoted as

Pr(St = J1Si-1 =Work, Zir, EOIVO™) &)= Fj(zy EOO™) &) (4)
wherej stands for one of the possible labor market stsltesk Ul, DI, andER As suggested
above, we use the counterfactual variabB"E() rather than the indicat@r to eliminate the
effect of state-dependent reporting on the parammefehe labor supply model.

The vectorZ in (4) may include exogenous variables like agadgr and education, but
can also contain past labor market states, anduresafor the incentive effects of social
security, pension plans and health insurance cgeefghere is a substantial literature that deals
with the importance of financial incentives in eaiping retirement decisions (see Lumsdaine
and Mitchell (2000) for an extensive overview). fidnes a consensus that financial incentives
are important determinants for the retirement dexciand that generous retirement schemes of
the Social Security and Pension System have indongety older workers to retire early (see
e.g. Blondahl and Scarpetta 1998; Gruber and ViB®8).* For the Netherlands there is strong
evidence that a substantial part of the massive drthe participation rate of older workers has
been caused by incentives provided in the Dutdititisns. Kapteyn and de Vos (1998)
calculated implicit tax rates for ER, Ul and DI sates in the Netherlands. In the early 1990’s
the maximum implicit tax rates of Ul and DI schemaes about 60% and peak at age 58, and
implicit tax rates of the ER schemes in the Netrets sometimes even exceeded 100%. ER
Benefit levels were on average 80% of last grossiegs and the replacement rates did not
increase if enrollment into the programs was pastgo This implies that the implicit tax rates
associated with these schemes ‘peak’ (i.e. aradially most attractive, see Coile and Gruber
(2000)) at the very moment that a worker becomigghtd for an ER scheme. This implies that
for our empirical application, which uses dataX681, 1993 and 1995, it will be important to

deal explicitly with the individual's eligibility tatus for an ER scheme (observed in our data).

* Employer provided private insurance is not relévanhe Netherlands. We will therefore not deathwi
this issue in our empirical model.



In the empirical model, the transition rates ing#9 specified as multinomial logit
probabilities with random individual effects. If ardividual is eligible for an early retirement
scheme at timg the transition probabilities are defined as:

Pr(St = 1510 =Work EO'™), zip & P! &FF)

expy) TE(DYO™) +Z;6) +&9)

Y expg' EE(DYO) +Z;6' +¢f)
IdWork,Ul,DI,ER}

. for j=Work, U,DI orER )

If the respondent is not eligible for early annestient scheme, the transition probabilities are:

Pr(St = j| S =Work, EOY'°), z;; ¢ ,&P")
i Work Y S "
= expl DEI(D” Vzl;kz'té +Tz') —, for j =Work, Ul or DI (4
2.exp( [E(Dy ) +Zjid +¢&i)
IXWork,Ul,DI}

The reference category\igork so the normalization restrictions ane”*™ = 6"°* =0 and

iwork =0, for alli. By including the eligibility status in the tratish probabilities, we control

for the change in the financial incentives onc&Bnscheme becomes available for an
individual. In addition, we will include wages ahdnefit levels (to be discussed in more detail

in section 4) in the set of controlg)(

2.4 Health production

The labor supply model (4') and (4") can now betip estimated with equation (1"). This still
leaves the effect of work on health unspecifiedd&al with the endogeneity bf°, we extend
the labor supply model and the health reportingehwadth a model for the impact of work
(history) on observed health. For this ‘health picttbn’ model (Grossman, 1972) we use a

random effect linear regression specification:

f({SIT tr_:lO) + xi$9+,7io)

pAf(HF1{S}ioo. X¢.27) = 8( p

®)



whereg is the probability density of the standard nordiatribution. The functioriis a linear
function of indicators summarizing the respondelatfer market history. We will be more
specific about the exact specification in section 4

The full model for the interrelation between healtid work now consists of the labor
supply equations (4") and (4") , the health repgrequation (1") and the health production
equation (5). These equations will be estimateatiyiJoint estimation is required here because
the three equations may be stochastically relagatddmns of their unobserved components.
Moreover, there exist parameter restrictions acegsstions because the cleansed health

work

measure HJ"™™) used in the labor supply equations is derivechftbe reporting equation.

The model contains five time invariant unobservathidual-specific effectsg”', &'

and & for the labor market stateg;* for the reporting model ang; for the health production
model. We will estimate this model by the Simulatégiximum Likelihood method. The

Appendix provides details regarding the constructéind estimation of the likelihood function.

2.5 Identification

The complete model describes how health affectr labpply decisions (equations (4") and
(4"). In modeling this causal effect of healthlabor supply, the potential endogeneity of the
health variables is taken into account by expliaitiodeling two of its sources: the reverse
causal effect of labor market status on healththagotential state-dependence of subjective
health measures. The identification of these meshais achieved by two assumptions.
Firstly, it is assumed that the effect of the lab@rket status on health is a gradual process
rather than an instantaneous effect. This can & iseequation (5), in which the individual's
work history is included among the explanatory aalés, but its current labor market status is
not. Secondly, the mechanism describing the stapendence of the subjective health measure
is identified by assumption 1, discussed above.

Furthermore in the health reporting equation aedntinltinomial logit model for labor

10



market transitions we need some arbitrary normiddizdo identify the parameters. In the health
reporting equation (2) there is no intercept initfex function and the variance efis set

equal to one; in the transition probabilities (@@ tabor market stai#@orkis used as the
reference category.

Of prime interest in the reporting model is thetiein between labor market status
and health. Exogenous variables might also afegainting behavior directly, i.e. the reporting
thresholds in (1) may also depend on exogenousictegistics ¢ = ¢k (S, X). In Kerkhofs and
Lindeboom (1995) the hypothesis that the exogewmatiables affect the thresholds differently
is tested and rejected. This, however, still leahespossibility that an exogenous variable shifts
all the thresholds by the same amount, and alétgfthat can not be distinguished from an
opposite shift of the index function in (2). S@if exogenous variable ¥ihas a positive effect
on health (i.e. shifts the index down), this iservationally equivalent to an equal-sized shift of
the thresholds to the right, which is tantamourd taore positive way of reporting on the
ability to work. For instance, if respondents wathigher education level report less limitations
due to health problems, this may mean that theynaigct healthier, but it may also mean that
they are not really healthier, but tend to be npmsitive in reporting about their health status.
Without further assumptions or more informatiorstidentification problem cannot be solved.
As our purpose was only to identify differentigbogting with respect to the endogenous
variableS, this is not essential, but it means that we haveake an additional assumption to
make the model identified. Here we have chosessarae that the variablesXonly affect
the index in (2) and not the thresholds. It hasgalear, however, that this is an identification
assumption and that the estimated parameter caifiysigreal effect on health, but also an

effect on the way health is reported.
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2.6 Relation to other studies in this area

Boundet al. (1999) study the effect of (lagged) health on fdboce participation behavior. They
address the potential bias in a subjective headthsorelfl) and account for this by relating this
measureo a range of objective health indicatdr’ and socio-demographic variables. This
equation is used to instrument the error-riddefarspbrted health measure in the labor supply
model. This approach was also followed in Boun®9This study is one of the most
influential articles in this field. In his modegporting depends on the financial rewards of
retirement This model isused to compare several of the approaches thatugeckin the
existing literature. Stern (1989) constructs anatariable model for labor supply, true health
and reported health. Labarpply is influenced by unobserved true health, rebhealth
depends on true health and labor market statugjrastoserved true health depends on labor force
participation. Effectively he estimates a modellédor force participation, where health is
instrumented in the same way as in Bound (1991ktAal. (2004) use the same approach as
Boundet al. (1999), but in their model labor market statu#)eathan income may affect
reporting behavior. In their labor supply modebtluse a similar instrument as in Bougtchl;

i.e. they construct a model for self-reports asrection of demographic characteristics and the
prevalence of chronic conditions and use the etgnaf this model to instrument the error-ridden
self-reports. Our approach differs in three impartaays from these contributions. First, we
model state-dependent reporting biases by allothiedgabor market status to have a differential
effect on the threshold levels in (2). This alldasa more flexible effect of the labor market
status on the distribution of the categorical latidns variabléd. Secondly, we make the
assumptions underlying the identification of thearting bias explicit and we identify the extent

of the bias for non-working individuals. Thirdlyy our model, ‘objective’ health is modeled as an

® We focus on reporting differences that dependabor market status. This is appropriate in theexdnt
of the Dutch Disability Income arrangements in 1980’s. Dutch disability rates were very high and
there is evidence (Aarts and de Jong, 1992) thacbémes were used for early retirement. Moreover,
Dutch DI, Ul and ER benefits are a fixed fractidrtte last wage and therefore there is little \aiain
this variable.
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endogenous variable and the health production maelels estimates of the determinants of
health, including the effect of work on health.

Our way of dealing with justification bias is slarito Kerkhofs and Lindeboom (1995)
and Kreider (1999). Kerkhofs and Lindeboom (199 a partial model that takes labor market
status and health indicators as exogenous. Krél@89) estimates his reporting model jointly
with a model for work status, but assumes exoggéithe health indicators. Furthermore, he
implicitly makes an assumption equivalent to Asstiampl, in order to account for reporting
biases. Kreider and Pepper (2007) develop a naampetric bounding framework for assessing
how assumptions on the reporting process affeetamices about the health effects on
employment.

Benitez-Silvaet al. (2004) test the hypothesis of Rational Unbiasepldraég of
Disability status. Their test is based on a congparbetween award decisions by the disability
insurance administrators (SSA) and a self-repatieability measure. If individuals exaggerate
their health problems, one would expect the ratsetffreported disability to exceed the fraction
of those who are ultimately awarded benefits. Tiesythe hypothesis on U.S. data and cannot
reject the hypothesis that self-reported disabiditgn unbiased indicator of the SSA’s award
decision.

Some studies do not address the issue of repdri@sgn self-assessed health, but
analyze work and health simultaneously. SicklesTagbman (1986) develop a joint model for
health and retirement, in which health is instrutadrwith a set of exogenous variables. Sickles
and Yazbeck (1998) specify and structurally estn@amodel of the demand for leisure and the
production of health. Simultaneity is taken inte@ent by explicitly modeling the effect of
health on work and the effect of work (history)toealth, allowing for possibly correlated

unobserved individual effects (th&s andfs in our model).
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3 Data

The data for the empirical application are obtaiftech the first two waves of the Leiden
University Center for Research on Retirement anchg\(CERRA) panel survey. The CERRA
panel survey is a Dutch survey, specifically desitjfor the analysis of the labor market behavior
of the elderly. It resembles the American Healtth Betirement Study (HRS). The first wave was
fielded in the fall of 1993 and consists of 472n$eholds in which the head of the household
(defined as the main income earner) was betweemd ®3 years of age at the date of the
interview. In each household both head and parifr@tesent, were interviewed. The respondents
also had to complete a written questionnaire. énfdlli of 1995 the same respondents were
contacted for a second interview. Approximately 7@Pthe first wave respondents participated in
this second wave, which resulted in about 35004tmlds. For each wave extensive information
is obtained about work history and current laborketstatus, sources of income, attitude towards
retirement, ER eligibility, health and a varietysofcio-economic variables.

In the subsequent analyses we focus on the matks lvé&ouseholds, excluding the self-
employed. After removal of inconsistent observatiand observations with missing values on the
key variables, we obtain a dataset of 3038 indafslu

Thehealth variablesn the CERRA data include the commonly used stibgEmeasures
based on responses to questions like “how gooddmmu rate your health” and “does your
health limit you in your ability to work”. Resporssto the latter question are used as the
subjective work-related health measHiren this paper. The written questionnaire cont#ires
complete set of 57 items of the Hopkins SymptomedRlist (HSCL)® The responses to these
guestions result in a total health score, thatake& on an integer value between 0 (best health
state) and 171 (worst health state). As motivaieskction 2.2, we use the total HSCL score as the
general health measut£ in the empirical analysis. The advantage of theasure is that by its

construction, it is less sensitive to justificatimias than responses to the work limitations

® See Derogatist al.(1974) for more information on the items of thet core and validation results.
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guestion. The HSCL score contains a large numbeiffefent items, does not refer to work or
benefits and it was conducted in the written patihe survey (no interviewer present).

Figure 1 shows the average HSCL score for eadheafeisponse categories of the work-
related health variabld. For both health indicators, higher values indiGpoorer health. The
figure shows a clear positive relation between Ibathith measures; respondents who claim that
health limits their ability to work have on averdggher HSCL-scores. For the respondents
whose health causes only some problems for paild, e HSCL-score is slightly below that of
respondents who experience no problems at albwdgh this difference is small and not

statistically significant.
<Insert Figure 1 here>

Table 1 shows how both health variables are relatéabor market status. Respondents
who are in the disability scheme on average hamsiderably higher scores for both health
variables. The unemployed have a slightly highe€HScore than the employed, but their
probability of experiencing severe difficultiesrat being able to work at all is four times as ¢arg
as that for the employed. Interestingly, the HS€&re shows that on average the health condition
of the early retired is better than for workerghaligh they report more health-related problems
with respect to their ability to perform work. TalAl contains some further descriptive statistics

of the dataset that is used in the empirical apfidia.

<Insert Table 1 here>

4 Empirical analyses

The equations for work (4'/4"), health reportii &nd health production (5) are related by means
of the correlated random effects and cross-equadistnictions on the parameters (the cleansed
health measure E(DWork ), defined in (3), enteesnttodel for work (4'/4")). The random effects
are drawn from a five dimensional normal distribntiThe three sub-models are estimated

simultaneously by maximizing the simulated likebido
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Labor force participation

The model for work decisions is a mixed multinonagit, with the employed category as a
reference group. Table 2 reports the results. Atigescoefficient is associated with a higher
probability of being in a particular labor mark&dte. The upper panel of the table refers to
control variables at timg these include a flexible function of age (with sepadummy

variables for ages of 56 and higher), educatioramanual retirement income and the cleansed

health measure B{*

). The lower panel of the table includes a sdinaincial variables that
are expected to be of direct relevance for thesttiam out of work. One such variable is the
logarithm of the replacement rate, which measureddtal value of the benefits for a specific
exit route relative to the total value of wage imspassociated with working till the mandatory
retirement age of 65. For an ER scheme this variatg@asures the effect of the level of the
benefitsconditionalon eligibility for the ER schemeThe benefit income for each exit route is
based on estimates of an auxiliary panel data nfodetage dynamics (see Heyma (2004) for
details) and specific rules of the social secuaitg early retirement schemes (see Kapteyn and
De Vos 1998 for a description of Dutch social si#gund ER schemes).

The coefficients of the financial incentive variedhave the right sign, but are not
significant for any of the exit routes. For Ul abd this may be due to the relatively small
number of transitions that we observe through tlcbs@nels. Moreover, there is relatively little
variation in the replacement rates as a substdrdiegtion of new Ul and DI recipients qualify
for wage related benefits of 70% up to the stajutetirement age. We have also tried
alternative specifications of the incentives fotrence into a Ul and DI scheme, such as the
maximum income gain from postponing retirement@sosed to immediate retirement (the
option value, Stock and Wise, 1990). These spetifins did not improve the results.
Apparently, much of the reward of postponing retieat is captured by the dummy variable

indicating the availability of an ER scheme andftagible age specification.

" The eligibility status of the individual influens¢he denominator of the multinomial logit (4'/4")
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The small and insignificant effect of the finandiaentive variable for the ER scheme
is due to the fact that this variable measuresntentive effectconditionalon eligibility for
the ER scheme. As mentioned above, the replacemaestof the Dutch ER schemes that
prevailed in the early 1990’s were very high arglithplicit tax rate ‘peaked’ at the very
moment that an individual would become eligibledorER scheme. This induced a strong
incentive to retire immediately upon eligibility.

In the lower panel of the table we have, for tlaasitions to Ul and DI, included an
indicator for the availability of an early retirentescheme within the firm. This variable is
included to capture the effects of the availabitifya very generous future retirement option.
The parameter estimate for this variable is negadivd significant for the DI exit route,
indicating that the availability of an ER schemeéos the probability that an individual enters
into a DI scheme. Hence, DI schemes and ER schappesr to act as competing retirement
options. No such effects are found for Ul scherttés.important to note that both ER and Ul
schemes are financed from sector funds and thatstcommon practice for employers to
provide laid-off workers a bonus on top of theirliginefit up to the time that they qualified for
an ER scheme. This means that the two schemessaeretimes used in conjunction, acting as
complements rather then substitutes.

Of particular interest for this paper is the effethealth on work. The cleansed health
index EQ"™) is used to instrument the error ridden self-repbrFor each exit route, the
estimates in Table 2 show strong and significaietots of health on labor market behavior. All
coefficients are positive implying that poor heastfassociated with higher probabilities of not
working. To assess the impact of justification biss should know what these estimates would

be if we would not correct for state-dependent riépg and would directly include the dummy

8 In the data one can see that about 80% of thosebatbame eligible for an ER scheme retired
immediately and the remaining 20% retired withi8 fears. Calculation with the model show that the
probability of entering into an ER schemes is reddy (cf. the constants in Table 2).

® The sector funds are formed from employer and emckntributions and until recently there was no
experience rating. This implies that it will in ggal be difficult to distinguish between the separa
incentive effects of ER and Ul schemes.
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variableD. The estimated health effects in this ‘simple’ raloare 0.826, 4.179 and 0.511 for

Ul, DIl and ER, respectively (full table is availahlpon request from the authorEhese
estimates, as expected, indicate that health fartihe strongest factor for people on a

Disability Insurance scheme. In order to compaeséhestimates to those in Table 2, we have
re-scaled the health coefficients in Table 2 byawerage difference in the value of the cleansed
health measure between respondents reporting ladith laed respondents reporting good
health®® After re-scaling, the health coefficients of TaBlbecome 2.131, 2.261 and 0.571, for
Ul, DI and ER, respectively. Comparison of thesmhbars with the numbers from the ‘simple’
model reveals that for DI recipients the use oflitased self-reports on health leads to
exaggerated effects of health on work (the coeffitdrops from 4.179 to 2.261 if justification
bias is accounted for). For Ul recipients the dftédchealth becomes more pronounced, whereas
it remains approximately the same for ER recipievits have to turn to the results of the

reporting model to better understand these results.

Health reporting

The response to the survey question about hedlitedework limitations is a categorical
variable with values ranging from 1 (no problemsaltto 4 (can not work at all). We use a
mixed ordered probit model to explain the respon§ke index function, representing latent
health, includes a third order polynomial in theGiSscore H°) and additional controls such as
age, white collar work, education and quadraticfioms of the total number of months worked
up till t and the number of months worked in the last 10syére thresholds of the ordered
response model depend on labor market st if assumption 1 holds, the effectSxn the
thresholds can be interpreted as reporting biastéasons discussed in section 2.5, we did not
include exogenous variables in the thresholds anditerefore not distinguish the causal

effects of these variables on health from the weslth is reported. We therefore have to be

9 The weights that are used to scale the paramstienates of health in Table 2 are 0.098, 0.077 and
0.039, for Ul, DI and ER respectively.
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cautious with the interpretation of the effectgtadse variables in the index function.

Table 3 reports the results. The first threshalf"for workers is estimated at —0.568.
The first threshold for the other labor marketesaire relative to this valug( - y;"°™
k=UI,DI,ER). The other threshold parameters are presentietm@snentsy;..“— y* , k=Work

Ul, DI, ER j=1,2. The threshold values can be computed frosetparameters and are

presented graphically in Figure 2.
<Insert figure 2 here>

The threshold values demonstrate that there amegsteporting effects for DI
recipients. Conditional on the value of the lategdlth index, DI recipients significantly more
often report that health problems reduce theilitgttitd work than respondents in the other three
groups. A latent health index above the secondltimid level signifies that respondent will
report that their health prevents them to workarses severe difficulties doing so. For
workers, unemployed and early retired the valudhisfsecond threshold are close together.
For the DI recipients it is much lower.

There are also some differences between Ul redgpsamd early retired. All thresholds
of the early retired are slightly above those ef é#mployed. This implies thtte early retired
will be a little more cheerful about what healtred@nd does not allow them to do than the
workers. Compared to these two groups, the thrddbweéls for the Ul recipients are less
dispersed, implying that for the same state oftheéhk response distribution of the unemployed
will have heavier tails, with a larger proportieporting they cannot work at all, but also a
larger proportion reporting no problems whatsoeVaese findings are in line with the findings
of the previous subsection. There we concludedatftet correcting for state-dependent
reporting behavior we observe smaller health effémt DI recipients, larger effects for Ul
recipients and approximately the same effects Rré&tipients.

To gain some further insight into these resultshaee used the parameter estimates to

predict whether respondents would state that headifnicts their ability to work and — for the
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Ul, DI and ER groups — to predict what their resgiowould have been if they would have been
employed, keeping everything else the same. S@dodn respondent we can now compare their
actual answer to a predicted response after corgeftr justification bias (i.e. the ‘cleansed’

Worl

self-report ED V°™). The results of these calculations are showFigare 3.

<Insert figure 3 here>

A comparison of the actual (observed) and predifiegliency distribution dfl
indicates that the model describes the data faiely. A comparison of the actual responses
with the cleansed health measure confirms whatlkeady saw in figure 2: there are no major
changes for ER recipients and the changes for ¢ipients are small.. For the DI recipients the
picture is quite different: the reporting biasepesgr to be large and systematic. DI recipients
respond much less favorable about the state aftieeith, but the frequency distribution is
almost reversed if one corrects for state-depernegatrting. More specifically, about 60% of
the disabled workers report that they cannot woidlabut after correcting for the reporting
bias this proportion is reduced to about 20%. Tesslt is less extreme as it appears and may
even be in line with other findings. Burkhauseal. (1999) note that work accounts for the
larger part of the income of men aged 51-61 inliBe while for the Netherlands a large
percentage of the men in this age category haeadyjrwithdrawn from the labor market. They
argue that differences between Dutch and US itistits, rather than health differences can
explain this difference. Furthermore, about 24%hefolder (above 55) male Dutch workers are
in a DI scheme. This is more than three times tmeesponding DI rate in the US (7%).

One could argue that the HSCL score may to someneatso suffer from justification
bias. If this were the case, the estimated reppeffect for DI recipients would be an under
bound for the total effect of justification biaseWave also estimated a simple ordered probit
model, in which we did not take the endogeneitiheflabor market status and the HSCL score

into account/(f excluded). The estimate for the lowest threshelf' ¢ y1"°™) now equals -
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1.923 (t-value=16.70), it was -1.282 in Tabl& S0 these estimates suggest an even larger
share of healthy DI recipients.

Concerning the effects of the variables in the xnidmction of the ordered response
specification, it can be seen that not only theegairhealth indicator (HSCL scotd,’), but
also personal characteristics and work historyirapmrtant determinants. As noted in section
2.5, these coefficients have to be interpreted eailition, as they may explain differences in

health, but also differences in health reporting.

Health production: the impact of work on health

Table 4 reports the results for the health produatnodel. Low values of the HSCL score
correspond to good health; high values to badlineHite older age groups appear to be healthier
than the reference group (younger than 55). Thizesdhat unexpected pattern also shows up in
the raw data and is not caused by the model spatiifn. It is good to note that these differences
are quantitatively small (the average HSCL scorédtie whole sample is 12.34). Moreover, the
variable captures differences between age groupglhas differences between birth cohorts. The
majority of the younger respondents (the refer@ategory) are born shortly before or during the
Second World War. By now there is an extensivedlitee on the effects of early childhood
conditions on later life health and mortality ($eeinstance the recent surveys in Doblhammer
(2004) or Caset al. (2005)). This literature concludes that exposamaalnutrition and/or
infectious diseases during early childhood mayease the probability of ill health in later life.
Lumey and Van Poppel (1994) and Roseb@bial. (2001) find that the health condition of
individuals who grew up in the Second World War angarticular during the 1944 famine at the
end of World War Il have a poorer state of heditlater ages. In Kerkhofs and Lindeboom

(1997) we have analyzed the HSCL test scores @igieg) effects regressions and also found that

™ The second and third incremental values for thenlhis model are.,” - y,”'= 0,324 (t=5.66) and
w2 —w,"'= 0,970 (t=16.36). The full table is available upeqguest from the authors.
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cohorts born shortly before or during World Wahdd a less favorable health than the earlier and

later birth cohorts.
<Insert Table 4 here>

The results of the other variables are in lindegrlier findings in economics and
epidemiology. Respondents with a partner are healiian those without a partner. The
education variables suggest that the referencepdtbase with only primary school) is the least
healthy. We also find that higher incomes are aasmtwith better health. The effect of work
history (the functiorf(.) in equation 5) may be particularly interestfrmm a policy point of
view, as this may be informative on the consegesiot prolonged work efforts for the average
health conditions of future retirees. We have aaptthe individual's work history by a third
order polynomial in the total number of months veatkp tillt and the number of months worked
in the last 10 years. The latter is included towapeffects from recent work efforts on heafth.

To illustrate the quantitative effect of work hist@n health, we computed the HSCL profile of an
average worker with about 15 years of work expegemho from then on continues to work for a
number of years, controlling for the effect of agand (changes in) other characteristics. The
computations shows that after about 300 monthy€ass) of work, general health starts to
deteriorate with work (higher HSCL scores). Theefis quantitatively important: the HSCL

score increases from about 8 (300 months) to ab(B00 months).The sample mean of the
number of months worked about is 350 months ane than 75% of the sample has worked over
300 months, so that effectively for most individuabntinuing to work is at some stage associated

with worse health outcomes.

5 Conclusions
This paper explores the relationship between heailthwork labor supply of workers. For such

an analysis two issues are relevant. Health an#t ew@r simultaneous variables in the sense that

2 We do not observe how many hours people have wdrkéne past and therefore the work history
variables reflect the extensive margin rather tharintensive margin.
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there are direct effects of health on work and vieesa, and because there are common
unobservables that affect observed health and aadomes. Furthermore, self-assessed health
measures are often used for this type of empignalyses, but some research indicates that
these may be affected by endogenous, state-depenelgorting behavior. The novelty of this
study is that we specify and estimate a simultaseoodel that takes all these issues into
account. The model consists of three parts thdirdeed by correlated random effects. The first
part of the model describes labor supply decisiomparticular how financial incentives and
health affect retirement behavior. The secondpadels the state of health and how this is
related to the work life. The third part of the rebdescribes how the labor market status affects
observed self-reports on health, particularly ow fitdimits the ability to work. This third part
of the model is used to assess the impact of emdogemisreporting and to compute an
adjusted work-related health measure, which ip@dd from state-dependent misreporting. This
cleansed health measure is used in the labor sopgdiel. The three models are estimated
jointly on Dutch data using simulated maximum likebd techniques.

We find that financial incentives are important floe decision to stop working.
Workers in the Netherlands have strong incentigdake an employer-provided Early
Retirement (ER) scheme as soon as they becomblelfgr this scheme. The eligibility for an
ER scheme substantially reduces the probabiligaoly outflow through a Disability Insurance
(DI) scheme. Hence, it appears that ER and DI sebeant as substitutes. We furthermore find
strong effects of health on work choices. The ettt health production equation reveals that
at older ages increased work efforts lead to aridetdion of health. This suggests that pension
and social security reforms that aim at increakibgr force participation rates of older workers
may have an adverse effect on the distributioneaith among the elderly, with obvious
consequences for pension and health care policies.

Finally, the results show that justification biasubstantial and that failing to account

for this, may change estimation results considgrabl
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Table 1: Average HSCL score H°) and subjective work-related health scoreH) in 1993

Work-related health
indicator H), (%

Average HSCL score .
with severe

Labor market state in 1993

(H) difficulties or who
cannot work at all)
Workers 10.0 5.6
Unemployed (Ul) 11.9 23.9
Disabled(DI) 24.8 92.2
Early retired (ER) 8.0 12.9
All 12.3 23.3
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Table 2: Estimates of the full model for work, heah and health reporting, part I: Labor supply and r etirement*

Labor market statés

Unemployed Disabled Early Retirement scheme

parameter t-value Parameter t-value parameter t-value
Constant -10.561 -2.70 -11.745 -2.58 2.441 1.56
Age = 56 1.033 2.27 0.144 0.21 0.580 1.48
Age = 57 0.700 1.34 -0.304 -0.40 1.091 2.78
Age = 58 0.270 0.54 -1.006 -1.41 0.520 1.38
Age =59 1.002 1.93 0.051 0.07 1.681 4.29
Age = 60 0.339 0.59 -0.425 -0.54 1.280 3.21
Age =61 0.879 1.43 0.158 0.19 2.056 4.34
Age 62 and older 1.642 2.82 -0.895 -1.21 1.252 2.64
Education medium 1.307 4.13 0.749 1.65 0.667 2.61
Education higher 1.270 3.66 0.396 0.83 0.469 1.79
Mean annual benefit inconle 7.699 1.77 8.154 1.66 -1.526 -0.98
Health indexX 21.740 8.51 29.367 9.76 14.649 6.28
Transition variables (from working at t-1)
Constant -3.607 -5.77 -1.729 -1.03 -2.721 -5.37
Part-time work (<32 hrs p.w) -0.365 -0.68 1.016 1.27 -1.442 -3.74
Route-specific replacement rate 0.493 0.76 5.120 1.27 0.086 0.62
ER scheme available in firm -0.107 -0.45 -0.748 -2.61
Log likelihood (complete model) -11157.48

! The model is estimated with the simulated maxintikglihood method (50 draws).

2 The reference category is paid work.

% Mean annual benefit income (route-specific) itk imandatory retirement age (logarithm).

*Probability of reporting bad health corrected fate-dependent reporting differences, (i. (") from equation (3)).

®Total benefit incomes up to the age of mandataiyeraent divided by total wage income associatetth wontinued work (logarithm).



Table 3: Estimates of the full model for work, heah and health reporting, part II:

Health reporting>?

Subjective work related health

Parameter t-value
i Control variables
Age =56 0.045 0.55
Age =57 0.201 2.49
Age =58 0.186 2.29
Age =59 0.104 1.22
Age = 60 0.156 1.76
Age = 61 0.040 0.46
Age 62 and older -0.028 -0.35
Partner 0.040 0.88
White collar worker -0.125 -3.74
Education medium general -0.218 -3.73
Education medium vocational -0.173 -3.27
Education higher general -0.048 -0.60
Education higher vocational -0.198 -3.53
Education academic -0.191 -2.24
Number of months worked in past 10 yrs 0.396 0.99
Number of months worked in past 10 yrs squéretl.857 -6.48
Number of months ever workéd -0.204 -2.33
Number of months ever worked squated 0.044 3.36
i General Health Measure (B*
Total score HSCL 1.718 3.82
Total score HSCL squared -5.357 -3.54
Total score HSCL cubed 3.109 2.36
iii Reporting behavior threshold levels
Work: —y,"Vo -0.568 -4.67
y Oy, VoK 0.657 18.25
ARSI 0.754 11.51
ul: yp U= g VO 0.394 4.05
o=y 0.327 6.77
wa 'y 0.441 6.84
DI: iD=y, VoK -1.282 -10.45
w2y 0.347 5.28
wP'— ™ 1.021 15.40
ER: Ry WOk 0.339 4.54
wo ey R 0.453 11.53
AR 0.704 11.41
Log likelihood (complete model) -11157.48

! Subjective health is a four category ordinal Valéaderived from the question “Does your
health limit you in the kind and amount of work tlyau can do?” with answers ranging from
“no problems” to “cannot work at all”.

%2 The model is estimated with the simulated maxintikglihood method (50 draws)

¥ HSCL-score is scaled by 125; number of monthsesichy 120.
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Table 4: Estimates of the full model for work, heah and health reporting, part Ill:
Health stock equatiort

HSCL scoré
Parameter t-value

Constant 3.085 33.38
Age =56 -0.023 -0.29
Age =57 -0.162 -2.14
Age =58 -0.118 -1.45
Age =59 -0.348 -4.18
Age =60 -0.282 -3.50
Age =61 -0.465 -5.29
Age 62 and older -0.491 -6.64
Partner -0.467 -7.82
Family size -0.015 -0.67
Education medium general -0.052 -0.76
Education medium vocational -0.119 -2.08
Education higher general -0.036 -0.37
Education higher vocational -0.023 -0.39
Education academic 0.143 1.49
Mean annual incom&(logarithm) -0.105 -1.82
At work in t-1 -0.052 -0.49
Number of months ever workéd -0.468 -3.36
Number of months ever worked squated 0.090 4.24
Number of months worked in past 109rs -0.670 -0.68
Number of months worked in past 10yrs squéred 0.086 0.05
Number of months worked in past 10yrs cubed -0.363 -0.34
o° (variance) 1.293 56.23
Log likelihood (complete model) -11157.48

! The full model is estimated with the simulated imauxm likelihood method (50 draws).
2 High values are associated with bad health.

% Mean of annual income associated with workingthi#f mandatory retirement age.

* Number of months scaled by 120.

29



Figure 1: Average HSCL score relative to work-reléed health condition
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Figure 2: State-dependence of thresholds in ordedeprobit health reporting equation
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Figure 3: Sample distribution of observed and preitted values of the work-related health
measure H) and ‘cleansed’ predictions accounting for justifcation bias
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Appendix A
Table Al: Sample descriptives.

Mean Min Max
Age in 1993 55.13 42.25 65.00
Education medium general 0.126 0 1
Education medium vocational 0.163 0 1
Education higher general 0.046 0 1
Education higher vocational 0.179 0 1
Education academic 0.059 0 1
White collar worker 0.538 0 1
Family size 2.646 1 10
Number of months ever worked 347 0 707
Early retirement scheme in firm 0.716 0 1
Unemployed (Ul) 0.073 0 1
Disabled (DI) 0.176 0 1
On Early Retirement Scheme (ER) 0.195 0 1
Reports bad health 0.140 0 1
Total HSCL score 12.339 0 125
Attrition between wave | and I 0.24
Number of observations in wave | 3038

! Whether the respondent reports to have difficultigh performing work or that he/she cannot work at
all.

Table A2: Estimates of the full model for work, he#th and health reporting, part 1V:
Labor force participation in 19912

parameter t-value

Constant 1.322 2.72
Age =56 -0.825 -4.58
Age =57 -1.366 -8.06
Age =58 -1.436 -8.25
Age =59 -2.293 -11.17
Age 60 and older -3.047 -12.54
Education medium 0.764 6.09
Education higher 0.848 5.76
Income of continued work -0.020 -0.13
Eligible for ER scheme -1.082 -7.88
Log likelihood (complete model) -11157.48

! Logit model with random individual effect for tipeobability of being at work in 1991. Negative
coefficients are associated with lower probabaitie
2 The full model is estimated with the simulated maxm likelihood method (50 draws).
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Table A3: Estimates of the full model for work, he#th and health reporting, part V:

Parameters of the mixing distribution'.

Parameter t-value

A 1.620 14.90
Uqq 2.428 9.16
Ugp 0.316 1.06
Uyz 0.708 3.02
Uyg 0.361 12.95
Uss -0.592 -5.58
Uzo -2.100 -8.28
Up3 -0.773 -4.16
Upy -0.344 -13.08
Uss -0.032 -0.30
Us3 0.157 0.83
Uz 0.202 10.07
Uss 0.012 0.10
Ugg -0.104 -5.50
Uss 0.125 0.88
Uss 0.225 1.56
Log likelihood (complete model) -11157.48

! The full model is estimated with the simulated imaxm likelihood method (50 draws).
2 ) is the factor of proportionality relating the initlual effect in the health stock equatiogp®)

to the random effect in the health reporting ecma(lf ), i.e.n’ :/l-/7i*. The parameteng,; to
Uss are the elements of upper triangular matrix of@heleski decomposition of the covariance
matrix of the random effects. The five remainingdam effects §”', &', &~ ', ) are
associated with the labor market stdtksDI, ER, the health reporting equation and the initial
work state (1991) respectively.
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Appendix B Likelihood function

Our model describes the health and work statasddfiduals in 1993 and 1995. The labor supply
model includes an indicator for whether an indigildwas at work in the previous wave. We have
an initial conditions problem, since the assignnteribe initially observed working state in 1991
may not be random. This could bias the estimatéisedbor force participation model. We
therefore add a reduced form equation describiagthbability of being at work in the initial

year 1991, conditional on exogenous variaMesnd a random individual effegt

expyi 109910+ 14;)

(B-1)
1+expl; 1991+ 1)

Pr(Si 1091 =Work|V; 1991, i) =

The individual effectgs may be correlated with the other unobserved iddiai effects of the
main model. So the full model contains six unobsdmndividual-specific effects. The
conditional multinomial logit model (4'/4") foréHabor market status with unobservakfigs
&P and &R the initial conditions equation (B-1), with un@gabley, the health reporting
model (1') with unobservabkg* and the health production (5) with unobservafieFor the
latter two we assume a one-factor error speciticatMore specifically, we take?° :/1-/7i*. This
is primarily done to reduce the dimensionalityttd tnodel and to ease estimation.
Conditional on the unobservablgs, (7*, 77°, &', &', &) the likelihood function is
simply the product of the likelihood contributiofos the work model (4'/4"), the reporting
model (1", the health production model (5) anditigt model describing whether or not the
respondent had a paid job in 1991 (Bl order to compute the likelihood we have to take

the expected value w.r.t. the random effepts/t*, &', &', &):

13 Retirement is taken as an absorbing state, ortoef ovork people remain out of work. This is implie
by Dutch Institutions and confirmed by the datair8plicitly, non-working individuals are not used
anymore in the estimation of the labor supply modibey are, however, still used for the estimatibn
the parameters of the health production and thiéthegporting model.
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L =] [ ] PrSii9e1lViigen 4i)
[ L fER

x  [HPr(S 1S -2 = Work, EDY'°™), Zy & &P .&FR)}
t=19931995
§ t-2=Work (B-2)

x [Pr(Hi [HE . St Xie.m ) x pdf (HR 1{S,} 0, X9, 2 Gy )}
t=19931995

dF (&R &P e o )

In general, no closed form solution exists andheedfore use simulated maximum likelihood
methods to numerically integrate the unobservahlésf the likelihood function and maximize
the resulting likelihood (Stern, 1997). The badiai is to draw random variables from the mixing
distribution and use these to compute the sampdsmokthe likelihood function. It is well known
that the matrixz can be written agU’, whereU is an upper-triangular matrix. In order to
simulate the unobservablgs 7*, &', &', &, we first generate &xI matrixz of independent
draws from the standard normal distribution. Thigrems of the matrixJ zare independent draws
from a 5-dimensional normal distribution with exfaion zero and covariance matkixThe
coefficients ofU are estimated jointly with the other parameterthefmodel and are used to
calculate the association between the unobservéblest, n°, &', &', &).

For the estimation of the likelihood we have useédandom draws. We also
experimented with the number of draws. It appe#iratialready after 30 draws the results
remained very stable. The estimated parametergeahixing distribution are reported in Table

A3 of Appendix A.
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