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Abstract
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1 Introduction

Individual health and longevity are of rising public and political concern as both have
important effects on public spending. Low health standards impose a heavy burden on
welfare institutions. Many government interventions in Western countries are aimed
at improving health levels. Across populations, we observe considerable variations in
life expectancy and health status, which are largely explained by factors like wealth,
technology, and the availability of medical services. On an individual level, genetic
conditions may trigger illnesses, and impact on health and longevity. Much of the
variation in health status as well as longevity between individuals is however due to
the way resources are allocated to health enhancing measures. Conditional on genetic
factors and other exogenous determinants, health as well as longevity are largely objects

of individual choice.

To understand the links between individuals’ socio-economic characteristics and
their health status is an important pre-requisite for successful health related policies.
To define target groups for government health programmes requires to understand
which groups are most at risk. It is not surprising that much research effort has been
devoted to establishing a link between individual specific characteristics, and health
status as well as longevity. In this context, an interesting and important question is how
individual health is related to the individuals’ income. Although it is well understood
that there is an association between income and health on an individual level, the

precise nature of this relationship is not clear.

The theoretical foundations for understanding the demand for health in an intertem-
poral context have long been laid. An important first contribution to analysing the
demand for health within a choice theoretical framework has been made by Grossman
(1972a, 1972b). In his model, health can be augmented by health investments, which
are generated by combining medical care services and time. Health serves two purposes.
Firstly, it affects longevity. Secondly, it generates instantaneous benefits by enhancing

productive time in every period, and by providing direct utility. Grossman’s model



has in subsequent years been extended in various directions. Recent contributions
have, for instance, explored the implications of uncertainty for the optimal demand for
health (e.g. Dardanoni and Wagstaff (1990), Seldon (1993), Picone, Uribe and Wilson
(1998), and Liljas (1998)), or they have enhanced our understanding of the comparative
dynamics of the model (e.g. Ried (1998, 1999), and Eisenring (1999)).

Grossman’s (1972a) empirical formulation of his model produces demand functions
which are determined by current period variables only if the instantaneous benefit of
health is to enhance time (the investment model); they depend, in addition, on the
marginal utility of wealth if the instantaneous benefit is to increase utility (the con-
sumption model). Also, these demand functions can not be derived without assuming

an instantaneous benefit of health.

Most empirical papers take Grossman’s equations for the demand for health and
health services as a starting point for econometric specifications (for instance, Cropper
(1981), Muurinen (1982), Wagstaff (1985, 1993), Pohlmeier and Ulrich (1995), and
Geil et al. (1997)). Nearly all these models relate current period health measures to
current period variables only.! The empirical health literature thus tends to neglect
the implications of the intertemporal nature of the demand for health when estimating
health demand functions. The empirical evidence these papers produce on the link

between wages and individual health is not conclusive.

In a recent paper, Ehrlich and Chuma (1990) develop a version of the Grossman
model in continuous time. Other than in Grossman’s original work, in their model
health investments are produced by combining goods and time using a technology
which exhibits decreasing (as opposed to constant) returns to scale. They argue that
a constant returns to scale technology introduces an indeterminacy with respect to
the optimal health investment and health maintenance choices, and that no interior

solution for the demand for health investments generally exists.? While in Grossman’s

LA notable exception is Wagstaff (1985), who estimates the consumption model, where health
demand depends on the marginal utility of wealth.

2See Ried (1998, 1999) on this point, who argues that under certain conditions, the derived demand



original work the demand for health is generated by its instantaneous benefit only,
in Ehrlich and Chuma’s version of Grossman’s model, the demand for health is de-
rived in conjunction with longevity and consumption choices. It depends on current
period variables, as well as initial endowments, and is defined also if health creates no

instantaneous benefit.

In this paper we assess the empirical implications of Ehrlich and Chuma’s work.
Based on their version of the Grossman model, we derive Frisch demand functions
(see Browning, Deaton and Irish (1985)) for health and health inputs. These demand
functions relate current period demands to current period variables, and to a para-
meter which links current period decisions with the entire future and history of the
individual’s optimisation problem (the relative marginal utility of health to wealth).
This parameter is a sufficient statistic for all out of period information which affects
current period demand. Frisch demand functions provide a natural way to distinguish

between transitory and permanent demand responses.

In our empirical analysis, we estimate wage responses of the demand for health
and health inputs. We distinguish between three parameters of interest. First, the
response of an individual to wage changes along the individual’s wage profile. Second,
the difference in health (or health investments) between individuals due to a perma-
nent wage difference. And third, the total difference in health (or health investments)
between individuals with permanent wage differences. Within the model we develop,
these parameters have a clear structural interpretation. They distinguish between
wage responses over an individual’s life cycle due to intertemporal substitution, and
differences in health and health investments across individuals due to differences in

permanent wages.

In contrast, straightforward regression analysis, as, for instance, suggested by Gross-
man’s investment model, produces parameter estimates which have no clear interpreta-

tion within our life cycle framework. They are a mixture of evolutionary wage responses

for health inputs can be determined.



along an individual’s life cycle wage profile, and responses to wage differences across
individuals. We demonstrate that these parameters may result in misleading conclu-

sions.

We estimate demand for health capital equations, where we use as an approximation
for health capital the (self-reported) state of health of individuals. We also estimate
demand for health investment equations, where health investment is a combination
of time and health services, which are bought in the market. We use as a measure
for health investment whether the individual is involved in sporting activities. On
both variables, we have repeated information on the same individual. The additional
variation in demands within the same individual over time allows us to estimate short

term wage responses.

In our model, individuals invest into health capital to delay death, which is en-
dogenously determined. Furthermore, health capital may provide an instantaneous
benefit by enhancing healthy time. We first assume that health capital provides no
instantaneous benefits. In this case, differencing techniques can be used to identify
evolutionary wage responses. In a second stage we impose structure on the shadow

price of health capital, which allows us to identify permanent effects as well.

If health provides instantaneous benefits, estimators based on within-individual
differencing do not identify the parameters of interest. We propose a simple test for
instantaneous health benefits, and suggest an estimator which identifies evolutionary
wage responses in this case. This is a matching type estimator, which compares indi-

viduals with the same predicted unobserved heterogeneity components.

Our results lend support to a dynamic model structure which distinguishes between
permanent and temporary wage responses. We obtain negative evolutionary wage
effects, and positive permanent effects. The implications for health related policies to be
drawn from our specification are different, and may even lead to opposite conclusions,
than those drawn from a model which neglects the inherent dynamic structure of the

problem.



The structure of the paper is as follows. In section 2, the equations for the demand
for health services, health inputs and the stock of health are derived. Section 3 describes
the data. Section 4 discusses the empirical estimation of these equations and presents

the results of our empirical analysis. Section 5 concludes.

2 The Model

We follow Ehrlich and Chuma (1990) and develop a version of the Grossman model
in continuous time, where the technology of health production exhibits diminishing
returns (rather than constant returns, as in Grossman’s model). We then derive the

demand functions for health and health services.

Individuals maximize utility which is defined over consumption ¢(t) and healthy
time h(t). They invest in health for two reasons: to delay death, which is endoge-
nously determined, and to obtain an instantaneous benefit. This benefit is created
by enhancing healthy time h(f). Healthy time has three purposes: It is allocated to
labour market activities, it increases utility, and it is invested into health production.
Death occurs when the stock of health hits a critical minimum level. Healthy time at ¢
depends on the stock of health capital H(t), which depreciates over the life cycle with
an increasing rate o(t). Health capital is produced using time m(¢) and health services

M(1) as inputs.

The equation of change for health capital is given by
H () =1(t)—o(t)H(t); H(0)=H,, (1)

where (1) is investment in health capital, o (f) is the depreciation rate on health

capital, with ¢ (t) > 0, and Hy is the stock of health at ¢t = 0.

Investments in health capital, I(t), are produced with a decreasing returns to scale

technology, using goods (or health services) M (t) and time m(t). We assume the



technology to be of a constant elasticity type:
I({t)=¢(t)M@t)"m(t), (2)

where the parameters a and b denote the shares of M(t) and m(t) respectively, with a+
b < 1. The good M (t) summarises all inputs into the production of health capital which
can be bought in the market place. The parameter ¢ (¢) is a technology parameter.

The individual’s time constraint is given by
h(t)y=m(t)+1(1), (3)

where h () is healthy time, which is a concave function of the stock of health at time
t. It is divided between time used to produce health capital, m (), and time devoted
to the labor market, [ (). Accordingly, health capital enhances the total time available

for these two activities.
The cost minimizing demand function for services M (1) is given by

M@= 5] p e O e (0T 1@ @

The resulting cost function is given by

1

Ct) =m(wt),pu, (1) 1), (5)

with unit cost
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where w (1) is the wage rate per unit of time, and pjs is the price for inputs into health

production. For simplicity, pas is assumed constant over time.

Using (3), (5), and (6), wealth develops according to the following equation of

change:

A= rA{) — 7O (O — pe(t) +wt) h(t); A(0) = A, (7)



where r is a (time-constant) interest rate, and Ay is the initial stock of wealth. Con-

sumption in period ¢ is given by ¢ (t), with unit price p,.?

The individuals’ utility function is given by

[ el + h(o)) e ®)

where u (.) and v (.) are strictly concave, and p is the rate of impatience.

Death occurs at time T’, which i1s endogenously determined. The individual dies
when the state of health hits a critical level HE. At the end of life, the individual is
assumed to leave no debts. The optimization problem is now to maximize (8) with

respect to (1) and (7) and the following two end point restrictions:
H(T) = H°, A(T)> A )

where A > 0 is the stock of wealth at t = T

Denote the marginal utility of wealth and the marginal utility of health by X\ ()
and Ay (1) respectively. Then the Hamiltonian is given by

K= [u(e(t) + o(h(t)e " (10)
P () |[rAR) — 7 ()@ — poe(t) +w (t) h(t)

+Ao () [L(t) — o (1) H ()]

This is a free endpoint optimal control problem, which can be solved using Pon-
tryagin’s maximum principle. Individuals choose consumption and investment into
health production, where investment is a combination of time and health services.

These optimal choices determine the path of capital and health capital.

30ther than in Grossman’s model, where ¢(t) is also produced inside the household, we assume

for simplicity that consumption goods are purchased directly in the market place.



2.1 The Demand for Health, Health Services and Health In-

vestment

We derive the demand for health services M(¢) and health investment /(¢) in appendix
A. Taking logs of equation (39) in the appendix gives the (log) demand equation for
health services M (t):

In M(t) =00 + filn ¢(t) = BoInpy — Bz Inw(t) + Ba In n(t), (11)
where the (’s are functions of a and b, and 7(t) = As(t)/A(1) is the relative shadow
value of health capital.

The demand for health investment equation is given by (38) in the appendix. Taking
logs leads to

Inf (t) = (50 + (51 In ¢(t) - (52 1an - (53 Inw (t) + (54 1I17] (t) s (12)

where the §’s are functions of a and b.

Demand equations like (11) and (12) are Frisch demand functions; they depend on
the parameter 7n(t), the relative shadow value (or relative marginal utility) of health.

For our model, n(t) is given by 4
1 (1) = (0) " — p(t) — B (1), (13)
where

t t
B(t) = [ w(r)H(r) el 7O ® g,
0

P = [ W@ et

and I is the derivative of healthy time h(%) with respect to the stock of health capital,

ef: [o(s)+r]ds dr 7

H(t). The parameter A(0) is the shadow value (or marginal utility) of wealth at ¢t = 0;
the parameter 77(0) is the shadow value of health, relative to the shadow value of wealth,

at time 0.

4Equation (13) is obtained by solving equation (34) in the appendix.



The term F/(1) reflects the instantaneous benefit of health by enhancing time which
may be allocated to the marketplace. The term F'(¢) captures the instantaneous benefit
of healthy time by increasing contemporaneous utility levels. If health is beneficial only
to delaying death, total time available does not depend on the period stock of health
capital. In this case, h(H(t)) = h, where h is constant, and the shadow value of health

reduces to

0 (t) = n (0) ealo@reriir, (14)

Notice that the assumption of instantaneous health benefits affects the demand equa-

tions (11) and (12) only via 5(?).

2.2 Permanent and Evolutionary Wage Responses

Consider now the effect of wage changes on the demands for I(t) and M (t), and let n(¢)
be given by (14). The parameter 7(0) summarises all relevant information from other
periods; it links the demand for M(t) or I(t) in the current period to all historic and
future values of the model variables. It is therefore a sufficient statistic for all outside
period information which affects the current period demand. In a world of perfect
certainty, any changes in wages do not affect n(0), since they are fully anticipated
by the individual. The effect of a change in current wages is a response along an
individual’s wage profile, and is sometimes referred to as response to evolutionary wage
changes (see MaCurdy (1981), Blundell and MaCurdy (1999)). The elasticity of health
service demand or health investment with respect to evolutionary wage changes is an
intertemporal substitution elasticity. The wage response conditional on 7(t) reflects
that time allocated to the labour market competes with time invested into health
production. It is negative for both demands, implying that demands for services and

inputs are lower when wages are high.

The effect on demands via 7(0) is determined by the three equilibrium conditions for
n(0), the marginal utility of wealth A;(0), and the optimal longevity T' (see equations
(35) -(37) in the appendix). This effect is a permanent wage effect, in the sense that



it shifts the entire life cycle profile of demand. It measures permanent differences in

demands across individuals.

Consider the health investment equation (12). With respect to wage responses,
there are three parameters of interest. The first is the evolutionary response of health
investments to changes in wages. This parameter answers the question to which extent
individuals change their health investments when wages change along their wage profile,
as a consequence of substituting time away from health enhancing activities to the

workplace. This is the effect of changes in wages, conditional on 7(0).

The second is the difference in health investments between individuals due to a
permanent difference in their wages, induced solely by differences in 7(0) (remember
that n(0) is a function of the entire future and history of wages). This parameter an-
swers the question to what extent a permanent difference in wages between individuals

contributes to a shift in the investment profile.

The third is a combination of the first and the second. It answers the question to
which extent a permanent difference in wages between two individuals is associated
with differences in health investments, being due to both permanent differences in the

investment profile, and evolutionary responses along an individual’s profile.

All three parameters are important for health related policies. None can be iden-
tified by simple cross section regression analysis, as done in most of the empirical
literature. Empirical results from a model which relies on straightforward regression
analysis, using across-individual variation only to identify wage responses, yields a

mixture of evolutionary and permanent wage responses.

We have illustrated this in figure 1, where the vertical axis carries time, and the
horizontal axis to the left of the time axis carries health investments /(t), and to the
right of the time axis wages w(t). We consider two individuals, A and B, with the same
initial wages. Individual A has a steeper wage profile than individual B, and therefore
a higher life cycle wage income. To simplify the exposition, consider a stylised version

of (12), which describes the relationship between health investments of individual .J,

10



Figure 1: Evolutionary and Permanent Wage Responses
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wages and the parameter 7:
') =ao+aw’(t)+n”, J=AB, where a;<0.

The parameter 7 is an increasing function of the entire wage profile of the individual.
Accordingly, n* > 0, and health investments are on a higher profile for individual
A. At tg, wages for the two indviduals are the same, and the difference in health

investments is due to differences in 1 only: I4(tg) — IZ(to) = n* — nP.

In our simple graphical representation, the evolutionary wage effect is given by the
ratio of health investments to wages at two points along an individual’s wage and health
investment profiles. There are at least two possibilities to identify this parameter. First,
by using variations within individuals only. For example, choosing periods ty and %4,
the evolutionary wage effect is given by a; = (I8(t1) — IP(to))/(wB(t1) — wP(to))
(corresponding to (b—a)/(d—c) in the figure), which is negative. Second, by matching
individuals with different life cycle wage paths, but with the same n. To illustrate
this, we have drawn the individual B', which has the same wage path as B, but at a
level such that T]B/ = n?. If we now choose any time ¢ (say fy), then a; is equal to
(I (t3) — 17/ (12))/(w{t) — wP (1)) (corresponding to (g — h)/(f — €)).

The permanent difference in health investments between A and B due to permanent
differences in their wages is equal to I4(tg) — IZ(tp). This is equal to n* — n?, and
it corresponds to the difference in health investments at a point where wages for the
two individuals are equal. The second parameter of interest is this difference, relative
to the difference in permanent wages. We have drawn the wage path of individual B’,
which we obtain by shifting B to the right, so that the life cycle wage for A and B’
are equal. Accordingly, n” = n?. Then the permanent wage difference is equal to

wP" — wP, and the parameter of interest is (n* — %) /(w? — w?).

Finally, the third parameter of interest is the total effect of a permanent change
in wages on health investments between two individuals. Consider again shifting B’s

profile to B’. We have also drawn the corresponding investment profile, which is also

12



labeled by B’. The total effect on health investments of this shift is the combined

permanent and evolutionary response, which is given by

B’ B B’ B
= -1 _on7 = ta
B _ B B — wB 1

w
In the figure, this corresponds to (k —b)/(j —d) + (i — k)/(j — d).

Now suppose we estimated the above relationship by straightforward regression,
using a cross section of individuals. Suppose further we observe both A and B in 5.
Then the parameter we obtain is equal to

Ity) = 1P(t)) _  nt—n"
wA(ty) —wh(ts)  wh(ls) —wB(ts)

—I—a1.

This parameter is a compound effect of the (negative) evolutionary wage response, and
a term which involves differences in the permanent response, normalised by differences
in wages in the observation period. For the way we have drawn the diagram, this

> This estimated parameter does not correspond to any

compound effect is positive.
of the parameters of interest. It is different for any ¢ we choose; in applications, it

depends on the distribution of the sample.

It may give misleading answers to questions like ”Should individuals with low wages
be targeted by government programmes to enhance health standards”. Suppose that
the estimated parameter from a simple cross section estimation is positive. Then this
may wrongly be interpreted as individuals with higher wages invest more into health.
But temporarily poor people may well invest more into health than temporarily rich
people, if their total life cycle income is higher. In our figure, individuals A and B
have the same wages in tg; nevertheless, investments of A are higher than investments
of B, because A’s life cycle income is higher. Cross section results would identify both

individuals as equally eligible for any support programme.

Over an individual’s life cycle wage path, however, a large transitory increase in

wages may lead to a strong reduction in health investments, because individuals may

5This is also the case for our applications below.
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substitute away time from health enhancing activities. Individuals with high wages
may therefore suffer from serious illness as a result of a temporary neglect of their
health. That health hazards induced by temporary neglect of health of high wage
individuals can be severe is well documented in the medical literature.® Again, cross

section results would fail to identify these individuals as individuals who are at risk.

In our figure, for instance, the distance in health investments between A and B
narrows, while the contemporaneous wage differential increases. This is due to A
experiencing a higher wage growth than B, and thus substituting time away from health
investment to the market place. A simple cross section analysis would identify A and
B as investing equally in health at ¢y, whereas at {5 we observe the largest difference in
health investment between the two; it would also suggest that the difference between
A and B is largest in {9, whereas it is smallest (and it could even be negative if the

response of health investments to evolutionary changes in wages is sufficiently large).

The discussion shows the importance of distinguishing between evolutionary and
permanent wage responses. In section 4, we estimate demand for health investment
equations and demand for health equations, distinguishing between evolutionary wage
responses, and permanent wage responses. To identify these two effects, we use data

from a long panel, which we describe in the next section.

3 The Data

The data we use are from the German Socio Economic Panel (GSOEP), and cover the
period between 1984 and 1995. We select a sample of working males, between 25 and
60 years of age. The sample is unbalanced, allowing for attrition from the survey, as

well as for new entrants to the sample.

As a measure for the stock of health, we use a self-reported measure of contentment

SFor example, Marmot et al. (1997) show that, after controlling for working conditions, it is those

in the highest social/occupational grade that have the highest incidence of stress related illness.
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with health, which is reported in all 12 years on an eleven point scale. Self assessed
health status has been found in many studies to be a useful measure in assessing
the overall health of an individual, see for example Wannamethee and Shaper (1991)

" We rescale this measure to be bound between 0 and 1. As

and references therein.
a measure for investment into health we use information on whether the individual
performs some kind of sporting activity on a weekly basis. Sporting activities are
clearly a combination of health input goods M (¢) and time m (¢), and contribute to
increasing the stock of health capital. The medical literature has established a clear
link between physical fitness, and longevity.® Information on this investment measure
is available in 5 out of the 12 years of data. We recode this measure into a binary
variable, where 1 indicates that the individual pursues sports activities at least once a

week. The wording of the questions in the questionnaire is given in appendix B, and

Table 1 reports the frequencies of occurrence and summary statistics.

As a measure for wages we use hourly wages measured in 1984 DM. In all 12
years of the survey we observe monthly gross earnings, as well as hours worked, hours
worked overtime, and whether overtime is paid for. The wage variable is constructed by
dividing monthly earnings by the number of paid hours worked per month. Summary

statistics are reported in Table 1.

"Wannamethee and Shaper (1991) assess the health status of middle-aged British men, using a
number of objective medical measures. They also ask individuals for their subjectively perceived
health status. Comparing these measures, they conclude that (p. 245) “The results of this study
strongly suggest that a simple question on perceived health status is a useful indicator of health
status in middle-aged men and appears to reflect their current health status”.

8For instance, Lee, Blair and Jackson (1999) investigate 22000 males aged between 30 and 83 over
an 8 year period. They found that physical fitness, conditional on body weight, is significantly and

positively associated with longevity.
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Table 1: Summary Statistics

Variable Health Health Investment | Log Wages
Acronym HD 1D Inw
Definition Contentment Doing sports at Log Real

with health least once a week | Hourly Wage
Range 0,0.1,...,1 0,1

Years available
# individuals

# observations

mean
std dev
within std dev

between std dev

1 = very content

84-95
3324
19100

0.7056
0.2083
0.1369
0.1762

85,86,88,92,04
2791
7818

0.3058
0.4608
0.2542
0.4041

84-95
3324
19100

3.0123
0.3606
0.1681
0.3529

Figures 2 to b present graphical information of some of the variables we use in
our analysis. In figure 2, the age distribution in the sample is displayed. The highest
frequency is at age 29, the lowest at age 60. Figure 3 presents the average log real wage

by age. Wages rise substantially between age 25 and 44, level out, and slightly decline

after age 48.

The mean for our measure for the stock of health at different ages is depicted in

figure 4. Tt declines steadily with age, from an average value of 0.77 at age 25, to a low

of 0.61 at age 59.
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Figure 2: Sample frequency by age Figure 3: Average of log real wage by age
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Figure 4: Average of HD by age Figure 5: Average of 1D by age

The respective pattern for sport activities is depicted in figure 5. It also declines,
with 44% of the sample participating at age 28, whereas only 12% do sports on a weekly
basis at age 58. This is not compatible with what we should expect on the grounds of
our theoretical model, where investments into health should counteract an increasing
depreciation of the stock of health capital. It suggests that this measure is only proxying
one component of investment, and may be substituted by other components later in
life. It may also suggest cohort effects: doing sports may be a way of improving health

which is related to the individual’s cohort.

To distinguish between age and cohort effects, we have plotted the mean of the
health and sport variables over the 12 years period for different cohorts, where we

define the cohort by the age of the individual in 1984 (figures 6 and 7). Figure 6 shows

17



that within cohorts, the measure for the stock of health clearly declines with age; there
are some slight level differences between the various cohorts. Figure 7 illustrates the
same for the sport activity variable. It shows that within cohorts, the demand for
sports is quite volatile, and no clear pattern is visible. Demand for sports is lower the

older the cohort, which has contributed to generating the downward trend in figure 5.
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Figure 6: Average of HD by 1984 age cohort Figure 7: Average of 1D by 1984 age cohort

The figures indicate that the sport variable is capturing only some components
of health investments, and it is related to cohort, and age; it may also be related to
occupational characteristics. In our estimations, we difference out all time constant
characteristics; furthermore, we condition on age and time, which should account for
the cohort effects visible in the figures. The remaining signal in this variable should be

a good proxy for health investments.

In figure 8, we have plotted the lifetime health paths for quartiles of the house-
hold income distribution, computed as the average household income over the entire
observation period. This should be a rough approximation of permanent income. The
profiles decline with age, and are clearly higher for the higher income quartiles. This
indicates a higher health path for individuals with higher permanent income. Figure 9

illustrates this pattern for the sports variable; again, a wealth effect is clearly visible.
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Figures 8 and 9: Average of HD and ID by mean HH income quartile for 7 age groups
4 Empirical Analysis

We estimate a demand equation for health investment, I(t), and for the health stock,
H(t). Our empirical specifications are based on models (12) and (1). The demand for
health investment equation is already in a log-linear form. The health stock equation

is a dynamic equation, and we consider its discrete counterpart:

Ht) = (1—0)H(t—1) (15)

+exp(bo+61lng(t —1) —bolnpy —bslnw (t — 1)+ é4lnn(t — 1)),

where we have substituted the expression for I(¢t — 1) in (12). Alternatively, it follows
from (1) that the log of the stock of health capital at ¢ can be written as In H(t) =
Inf(t) —Ino(t) — In(1l + ﬁ/a(t)), where H =]J /H is the relative change in health
capital. If one is willing to assume that ﬁ/a(t) = 0, then one obtains (using (12)):

lnH(t) = 50 +£1 1n¢(t) - 52111]?]\4 - 5311111) (t) —|—§41n7] (t) - lna(t) . (16)

The assumption that H /o (t) = 0 implies that investment into health capital exactly
offsets depreciation. Over large parts of the life cycle, this assumption may not be
unreasonable. Furthermore, when estimating a differenced version of (16), we only

require H Jo(t) to be constant between two periods. Accordingly, equation (16) may
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be a good starting point for an empirical model. We estimate both the dynamic model
in (15), and its simpler version in (16).

Our first estimation strategy is to estimate a model where health has no instanta-
neous benefit, which results in an expression for 7(¢) as in (14). Notice that the two
important mechanisms by which wages affect H(t) and I(1) are present in this model:
a direct (negative) effect by substituting time away from production of health to the
marketplace, and an indirect and permanent effect by shifting the entire health profile
of the individual. We estimate the evolutionary wage effect by differencing out the
term 7(0). We then estimate permanent wage effects, where we approximate n(0) as a

function of initial health, initial wealth, and individual lifetime wage profiles.

We test this version of the model against models where health has an instantaneous
benefit. The idea of our testing procedure is that in the latter case, differencing of
Inn(t) leads to an equation with an error term which still contains a function of 7(0)
(and, if healthy time enters the utility function, of A;(0), see (13)), and the lifetime
path of wages up to time ¢. This term should then be correlated with past wages and
other variables which affect 7(0), which is testable. Our test results indicate that the
restricted version of the model can not be rejected against a model with instantaneous

health benefits.

If instantaneous health benefits were present, the parameter 7(t) would be given by
equation (13). An estimation strategy which can identify evolutionary wage responses
in this case is a matching type estimator, which differences across individuals with the
same 7)(t). Matching is done on a function of life-cycle wages, life-cycle wealth, initial
wealth and health, age, and education. To ensure the robustness of our estimates, we

report results of this estimator as well.

4.1 No instantaneous health benefits

If there are no instantaneous health benefits, n(t) is given by (14). Define the variable
Yit, which corresponds to I;; or H;; in equations (12) and (16), where i = 1,..., N is the
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index for individuals and t = 1,...,T" is the time index. Furthermore, summarise vari-
ables which determine the demand in the vector X, and the corresponding parameters

in 8. Then the generic empirical model for equations (12) and (16) is given by
InY; = X6+ ¢ Inwy + Innd + vy (17)

If repeated information on the same individual is available, estimation of equation (17)
after taking first differences is straightforward. Denote the difference operator between

period t and t — 1 by A, then
AlnYy = AX,6 + CAlnwy + Avy. (18)

The vector X;; includes (log) prices, the rates of interest and depreciation, the rate of
decay of health capital, the technology parameter, and other time constant variables
which affect the demand for health and health investment. We assume the log of the
rate of depreciation o(t) to be quadratic in age. Furthermore, any changes in prices or
the technology parameter should be picked up by time dummies, and by age effects.’
Accordingly, in our empirical specification, AX;, = [§o;, Aage?], where the &y, are time

effects.

The dependent variables in equations (17) and (18) are In H and In /. These vari-
ables are unobservable and we use as proxy variables the self-reported health index,
HD, and the binary indicator for doing sports at least once a week, I, respectively.

It is natural to assume that there exists the following mapping from In H to HD

HD:j if Ci—1 <1I1H<Cj

%In Germany, medical services are financed by contributions to a compulsory insurance scheme.
Contributions are in the form of a payroll tax, income dependent, and financed to equal parts by the
employed and the employee. This scheme finances services also for the non-employed family members
of the contributing individual. The scheme covers about 90 percent of the German population (see
Pohlmeier and Ulrich, 1995, for details). Accordingly, there is little heterogeneity in the price of

medical care due to differences in insurance schemes, as, for instance, in the US.
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for j = 0,0.1,...,1, and where the c¢; are threshold parameters. As ID is a simple
binary indicator the postulated relationship between In/ and ID is

ID=1if Inl>c

It is common practice to estimate the parameters in these models by (ordered)
probit estimation techniques. Estimating (ordered) probit models with fixed effects
and weakly exogenous variables (see the discussion below) is difficult. We therefore
estimate linear models with the indices H D and I D as the dependent variables. Under
some general assumptions on the data generating process, these linear models will

estimate the parameters up to scale.!®

Because of the scaling of the parameters, as in all models with discrete dependent
variables, interpretation of the size of the coefficients is problematic. In a linear model,
not only does the standard deviation of the error term scale the parameters. The
varying width of the intervals between the thresholds further scales the coefficients, as
it is unlikely that the distance for an individual between a reported 2 and 3 is the same
as the distance between 7 and 8. We therefore refrain from any direct interpretation of
the size of the coeflicients. However, we can assess the relative magnitude of permanent

and evolutionary wage responses.

Define the variable Y D;; which corresponds to ID;; or HD;, then the empirical

model in first differences is specified as!!
AY Dy = AXL6* + CAlnwy + Aug . (19)

At the level of empirical implementation, we allow for possible feedback mechanisms of
health on wages. Notice that, as in all surveys, the wage at the time of the interview is
likely to be set at an earlier date. Therefore, current observed wages are not contem-

poraneously correlated with health shocks. However, wages at interview time may be

10See Chung and Goldberger (1984), Ruud (1986) and Newey (1986).

*

HTn the remainder, we drop the * superscripts when we present estimation results.
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correlated with past health status, and, accordingly, with u; 4, s > 0. Hence, estimat-
ing the parameters in model (19) by OLS will result in biased coefficient estimates.!?
We use an instrumental variable Generalised Methods of Moments (GMM) estima-
tor, instrumenting the current wage difference by lagged levels of wages.'> The full

instrument set used in the estimation is
_ 2 2
Zie = |1 Inwy 1, Inwy o, Inwy3,age;, ages,, educ;, educy , educ; X ageit} , (20)

where educ; is the years of schooling of individual i.'* The age variable is rescaled to

be 0 at age 25.

The estimation results are presented in Table 2. The parameter &y is the mean
of the time dummies. This parameter is interpretable as the combined effect of the
linear age term, and cohort effects. It is negative for the health equation, reflecting a
constant deterioration in the stock of health over the life cycle, as indicated in figure
3. It is also negative for the sports equation, which could be due to the cohort effect
we have pointed out above. For both the health and health investment equations the
response to evolutionary wage changes is negative. This is compatible with a negative
intertemporal substitution elasticity, as predicted by our model. Both effects, however,

are not estimated very precisely.

2For the same reason, a within groups estimator can not be used here.

BLet Z; be a matrix of instruments, and u; be a vector of prediction errors. The GMM esti-
mator minimises (ﬁ > Z{ui),WN (% > Z{ui), where Wy is a weight matrix. Given consistent
estimates using an initial weight matrix, with residuals u;, the efficient two-step GMM estimator uses
(Wy = & 52, Ziww@ ;) "', See Hansen (1982).

The instrument set for an individual over time is given by

0 0 0 ZiT—1

The parameters are estimated by GMM using the program DPD98 for Gauss, Arellano and Bond
(1998).
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Table 2. Estimation results for first-differenced models

Health Health Investment

Dependent variable HD 1D
coeff  stderr | coeff std err

Sot -0.0090  0.0015 | -0.0119 0.0040
age?/100 -0.0041  0.0044 | 0.0084 0.0108
Inw -0.0163  0.0187 | -0.0308 0.0680
Sargan (p-value) 74.32  (0.741) 1244 (0.992)
# of individuals 2662 2791
# of observations 13906 7818

Efficient two-step GMM results.

Standard errors are robust to heteroscedasticity and correlation over time.
So¢ is the mean of the time effects, weighted for unequal period lengths

in the health investment equation.

The Sargan test is a test for instrument validity.

We now turn to the dynamic health stock equation in (15), which can be written

as:

Hy = oHy 1+ L

= aHy | +exp (Xz{tfl(s +¢ln witfl) 7]? Vit

where o« = (1 — ), and v;; is an idiosyncratic (multiplicative) error term. Notice that
the dynamic model is multiplicative in n?, so that straightforward differencing is not
feasible. We can however quasi-difference the model to eliminate the fixed effect. The

quasi-differenced equation is given by:!®

15See Chamberlain (1992), Wooldridge (1997) and Blundell, Griffith and Windmeijer (1999).

24



(Hit — OéHitfl) exp (— (AXZ{tfl(S + CA 1I1 wit,l)) — (Hitfl — OéHit,2> (21)

= VUi exp (_ (AXz{tfl(s + ¢Aln witfl)) — Vi1,

where the error term on the right hand side has zero mean, conditional on appropriate
instruments. As H is unobserved, we estimate the model using e to approximate
H. Again, this implies that the parameters ¢ and ( are estimated up to scale. The
parameters of the model can be estimated by GMM, where we use as instruments the

variables!®

[17 eHDit—S 7 eHDit—47 eHD

_ it—5 2
Zig = 5 Inwy g, Inwy o, Inwyy_3,agey 1, age;, 4,

educs, educ?, educ; X agey 1).

The estimation results are displayed in Table 3. In the first column, we present
results where we assume that the rate of depreciation o(t) is time constant. In the
second column, we add a lagged interaction term of age and the health stock variable,
thus allowing for an increase in the depreciation rate of health capital over the life

cycle.

The wage effects are very similar in both specifications, and they reflect our previous
findings. The estimated coefficient is negative, and significant at the 10 percent level.
The interpretation of this coefficient is the same as in the above models: It is a scaled
evolutionary wage effect on health investment. The estimate is slightly larger than the

estimate obtained from the previous model.

16 As the error process in the quasi-differenced equation displays an MA(2) structure we use eHDiz—s

and further lags as instruments.
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Table 3: Results for quasi-differenced multiplicative model for Health

Dependent variable exp (HD) exp (HD)
coeft std err coeft std err

exp (HD_) 0.2068  0.0743 | 0.3084  0.0675

(agexexp (HD))_4 -0.0058  0.0011

Inw_q -0.0465  0.0265 | -0.0420  0.0269

age_q -0.0061  0.0025

age? /100 -0.0036  0.0060

Sargan test (p-value) 113.0  (0.1423) 113.3  (0.1551)

# individuals 1870 1870
# observations 9054 9054

Efficient, iterated GMM results for quasi-differenced model.
Standard errors are robust to heteroscedasticity and correlation over time.

The Sargan test is a test for instrument validity.

The parameter on the lagged health stock variable corresponds to (1 — o) in our
theoretical model, where ¢ is the rate of depreciation. Estimation of the simple level
model (where we instrument exp (H;; 1) by exp (Hy_2) due to an MA(1) error process)
gives an estimate for ¢ of a magnitude of 0.078 (standard error 0.014). When we
control for fixed effects (column 1 in Table 3), the estimate becomes unreasonably
large, and the standard error increases. After controlling for the permanent effect,
it seems difficult to identify o separately.!” In the second column, we allow for an
increasing rate of health depreciation. Our formulation corresponds to an additively

linear depreciation rate of the form o(t) = g¢ + 01 * Age (). The parameter estimate

I7A possible reason is the persistence in the health variable over time. It is therefore likely that
our instruments are poor predictors of the quasi-differenced health variable, which could lead to a

downward weak instrument bias (see Blundell and Bond (1998)).
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for oy is negative, which is in accordance with our model.

4.2 Permanent Wage Effects

To recover the response in health or health investment to permanent shifts in wages, we

need to impose structure on the individual specific effects. We use a parameterisation

similar to MaCurdy (1981) and Blundell and MaCurdy (1999).

Suppose that In 7? is a function of initial wealth A°, initial health H°, and the

entire lifetime wage path:

Tw
In 7} = agAY + Yo + > 05 Inwg, + v, (22)

s=0

where the working life of the individual has length Tj;,, and v; is an idiosyncratic error

term.

Specify individual i’s wage in period t as
Inw;; = To; + ages Ty + agelmo; + U (23)

where the 7;;, j = 0,1, 2, are individual-specific lifetime wage parameters. Similarly,

i’s nonwage income in period ¢ (A;;) and health are specified as

Ay = To+ ageqT; + agel s + vy, (24)
Hy = wo + ageiwr; + age?tw% + Sit,
where Ty; and wp; correspond to the initial stocks of resources and health respectively,

and the 7;; and wj;, j = 1,2, are individual-specific lifetime wealth and health parame-

ters.

Combining (22), (23) and (24), Inn? can be written as

Inn? = ay + mobo + 101 + T0s + T + woiTo + &5, (25)
where
é-z%tﬂ'e 1=0,1,2, Go= 2 = L
7 e t, J ) Ly Ay 0 r ) /YO r 4 O_‘
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We obtain unbiased estimates of mg;, 715, o, To; and wy;, following the procedure
outlined by MaCurdy (1981)."* For the construction of the individual specific initial
wealth parameter 7p;, we use as a measure for non-wage income, A;;, observed real
total household income, excluding the earnings of the individual male.!® To recover
the parameter w;g, we use the self reported health measure. Estimates of 7g;, 715, 7a;,
Tos, and w;o are based on the longest available series on log wages, household income,

and health respectively.

From the estimation results of the differenced models the individual specific effects

can be estimated by
1n 7]? — T Z |:YDZt — C].n Wit — azgeit(so - a’gelzt(s ’
T ¢=1

with 50 equal to the average of the SOt. For the dynamic equation, we obtain an estimate

of Inn? as

1;5? I . 1 1 i exp(HD;) —aexp (HD; 1)

t—2 €Xp (CA Inw;—1 + ageitgo + agezztg)

Using Inn?, @os, 15, 7o, To; and Wo; we estimate equation (25) to obtain estimates

of aq, Oy, 01, 05 and @, using IV (since the explanatory variables are by construction

¥The unbiased estimators of the 7’s are given by

~ 21 [Inwijs — nw;
Tos = 2 M — (Inwiz — Inwg )
= J j+1
— [Inw; lnw; . .
R = Z [# — Ty (20g€ij1 — J)}

T
~ 1 ~ 2
Toi = = E [Inw;; — Triage;; — Taages]
7
J=1

where j denote observed sample periods, and Inw;; are log wages of individual ¢ in period j. The 7's
and w’s are computed in a similar manner, with residual total household income and health status

substituted for log wages.

19We have also estimated the models using different measures of non wage income. The results were

very similar to those presented below.
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correlated with the error term). Our vector of instruments is given by
Z = [1, educs, educ? | feduc;, meduc;, age fb;, agemb;, fbluec;, fwhitec;, fcivsem;l} ,

where f (m) educ is the number of years of schooling of the father (mother), agef (m)b
is the age of the father (mother) at birth, and fbluec, fwhitec and fcivserv indicate
whether the father was/is occupying a blue-collar job, a white-collar job, or a civil

servant job respectively.

Table 4: Estimation results for permanent effects model

Health Health Health Investment
(Dynamic Model)
coeff std err coeff std err coeff std err

const 0.7819  0.1689 | 0.5785 0.2538 | 0.1959 0.3297
o 0.0590  0.0615 | 0.0634 0.0970 | 0.1483 0.1225
0, 1.0435 1.0180 | 1.2074 1.6226 | 2.9034 2.0005
2 13.8553  13.0137 | 16.7098  20.0566 | 36.1682 23.7592
ag -0.0007  0.0007 | -0.0008 0.0010 | 0.0002 0.0015
Yo 0.0022  0.0034 | 0.0024 0.0043 | 0.0021 0.0068
Sargan test (p-value) 0.415 0.981 0.352 0.986 1.926 0.749
Wald test (p-value) 1.291 0.721 1.618 0.655 8.446 0.038
# of individuals 1420 1415 1370

Efficient two-step GMM results.
Standard errors are robust to heteroscedasticity.
The Sargan test is a test for instrument validity.

The Wald test is a test for joint significance of 0y, 0; and 0s.

The estimation results are presented in Table 4. The coefficient on initial wealth
(@) is negative in the health equation and positive in the health investment equation.

For both equations, the estimates of the coefficient on initial health (7,) is positive.
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Also, for both equations, 0y, 6,, and 0y are positive, indicating positive permanent
wage effects. All these effects are however not precisely estimated. The joint test of
significance for the permanent wage parameters is significant for the health investment

equation.

The overall response to a change in wages can be obtained by combining the esti-
mation results for ¢, 0y, 6,, and 0. For example, a change in 7y would correspond to
a permanent parallel shift in the log wage profile, as, for instance, a shift from B to B’
in figure 1. As we have discussed above, such a hypothetical shift creates a permanent
response, and an evolutionary response. For the (non-dynamic) health equation the

permanent response is given by %Z% = 0y = 0.0590. The evolutionary response is given

by ¢ = —0.0163.

The total response to this shift is given by combining the permanent response across
two individuals, and the evolutionary response. For the (non-dynamic) health equation,
this parameter is %Ifr—? = (0.0590 —0.0163 = 0.0427. For the health investment equation,
the total effect is given by %ITIOJ = (0.1483 — 0.0308 = 0.1075. These estimates seem to
suggest that evolutionary responses are relatively small, as compared to permanent
responses. Notice however that here we shift the entire wage profile. But a one percent
increase in wages at one point in time would not lead to a one percent increase in
permanent wages. Accordingly, at stages in the life cycle where wages grow very

rapidly, the negative evolutionary response may lead to serious drops in health and

health investments.

To illustrate this, we have simulated an individual who’s wage profile is the average
wage profile of the sample, as depicted in figure 3. For this individual we can estimate
To, ™ and my. We use the estimated parameters for the (non-dynamic) health equation
and obtain an estimate of In7y (where we assume that initial health and wealth are

zZero).

Now consider a second individual, with exactly the same wage profile, except that

he has 10% higher wages for 4 years between the ages 40-43. Consequently, for this
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individual the estimate for Inng is slightly larger (by 0.04%), and this individual is on a
higher permanent health path. However, during the 4 years of higher wages, his health
stock is lower, due to the dominating evolutionary component. Using our estimates,
the (negative) evolutionary response to this increase between the ages 40-43 is 18 times

larger than the permanent response.

As a comparisson, we have also estimated standard cross section models on pooled
data, where we condition on age, age squared, education, and time dummies. The
estimated wage coefficient for the health equation is 0.044, with standard error 0.011; in
the health investments equation, the coefficient on wages is 0.125, with a standard error
of 0.029. We have also estimated a cross section model of the dynamic health equation,
where we do not control for 2. The parameter estimate of the wage coefficient is 0.0433
(standard error 0.0124). All these coefficients suggest a positive relationship between
wages and health. They are compound effects of evolutionary, and weighted permanent
wage responses. As we have illustrated in section (2.2), they do not correspond to any
of the parameters of interest, and may wrongly identify individuals to be in need of
possible health support. Conclusions based on these results would suggest that there
is no difference between the health stocks of the two individuals in our above example,
except for the 4 years of higher wages of the second individual, where the health stock
of the second individual is larger. This is clearly in contrast to the conclusions we draw

from our life cycle analysis.

4.3 Instantaneous Benefits of Health

So far we have assumed that there are no instantaneous health benefits: ' = 0. A
simple test of this assumption is based on the following idea. Recall equation (13), and

define D(t) = eJole AT Then the first difference of the log of n(t) can be written as

Innp(t) —Inn(t—1) = InD({A)—InD(t -1 (26)
+1n(1_w>_ln(l_E<t—1>+F<t—1>>

)
In D(t)n(0) D(t = 1)n(0)



= InD()—D(—1)+T(1).

If health has an instantaneous benefit (i’ # 0), then straightforward differencing, or
quasi-differencing, does not eliminate the permanent effect. The residual in the first
differenced model will contain the term I'(Z), which is a function of 1(0), A\1(0), and
past wages. Hence, a test whether i/ = 0 is a test for the validity of lagged wages as

instruments in our model above.

An appropriate test is the Sargan test for overidentifying restrictions. We present
the test statistics and the p-values of this test in Tables 2 and 3. The p-values strongly
indicate that the errors are not correlated with the instruments, for both the health
and the health investment equations. We conclude from these results that the simple
model where health has no instantaneous benefit can not be rejected against a model

where the stock of health has a time enhancing effect.

To check the robustness of our results, we use an alternative estimation strategy
which allows us to identify the evolutionary wage effects if there are instantaneous
benefits (I’ # 0). The parameter 7 is a function of variables that are correlated with
the regressors. Individuals who have similar values of those variables will also be similar
in the correlated component of 1. Hence, differencing across individuals with the same
values of these variables should eliminate the variation in 7 which is correlated with

wages.

This estimator is a matching estimator. It is consistent as long as the remaining
error term in the differenced equation is no longer correlated with wages. Note that,
for obtaining a consistent estimate of the evolutionary wage response, up to scale, it is

not necessary that the matching procedure completely determines 7.

We illustrate this estimator for the log-linear specifications (12) and (16).2® The
parameter 7 is a function of life cycle wages, life cycle wealth, and initial wealth and

health conditions. To implement the estimator, we match observations exactly on age

20See also the discussion in section (2.2) for a graphical explanation of the matching estimator.
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and education, and on kernel weighted distances between predicted life cycle wages
and life-cycle wealth, the individual specific sample means of these variables, and on
initial wealth and health. All these variables are constructed in the same way as for the
estimation of the permanent effects in the previous section. We then estimate pair-wise

differenced equations between individuals.

Our matching estimator is similar to the estimation strategy explained in Kyriazi-

dou (1997) for sample selection panel data models and is given by

J Kj -1 K
M= I3 S b (g — ) (g — ) | D0 D0 D b (e — ) (ydgn — wd)

j=1k=11>k j=1k=11>k
where J is the number of groups of individuals with the same age and years of education,
with each group containing K; observations. The z;; and xzj are the observations on
the explanatory variables, in our case wages and time effects, for individuals k& and [
in age-education group j respectively. The kernel weights 1),y decline to zero as the

magnitude of the difference between the matching variables increases. These weights

bow = T] = qﬁ(”zg’“_zgl),

q=1 hn q hy q

are specified as

where @) is the number of (standardised) matching variables z9, hy, is a sequence
of bandwidths that tend to zero as the number of individuals goes to infinity (N —
o0), and ¢ is the standard normal density function. For the choice of the bandwidth
parameter, we follow Kyriazidou (1997), and set the bandwidth hy, = h, X N5,
where h, = 1 for the predicted life cycle wages and life-cycle wealth and their individual
specific means, and h, = 2 for initial wealth and health, because of the slightly fatter
tails of the distributions of these two variables, and hence ensuring sufficient data

coverage.

The estimates of the coeflicient on Inw are —0.0185 (standard error 0.0111) in
the equation for HD and —0.0353 (standard error 0.0495 ) in the equation for ID.
These estimates are remarkably similar to the ones found for the differenced models,

as reported in Table 2. This supports our previous findings, suggesting that there are
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negative responses of health investments to transitory wage changes. Furthermore,
together with the test results, the similarity between the sets of estimates indicate that

instantaneous health benefits do not affect estimates of evolutionary wage responses.

5 Conclusion and Discussion

In this paper, we present a life cycle model for health demand, and derive and estimate
Frisch demand functions for health and health investment. In our model, changes in
wages induce a permanent and an evolutionary wage response of health (or health in-
vestment). We suggest two estimation strategies which allow us to distinguish between
permanent and evolutionary responses. The first strategy relies on differencing pro-
cedures. Our second estimation strategy relies on a matching type estimator, which
allows us to identify transitory wage effects if simple differencing does not eliminate
the latent individual effect. This is the case if health provides instantaneous benefits,
since simple differencing does not eliminate the variation in the latent individual effect
which is correlated with the model regressors. We also propose a simple test for the

restricted model against a model where health does provide instantaneous benefits.

We use data on contentment with health and the demand for sport activities from
a long panel. In accordance with the theoretical model, we find negative evolution-
ary wage effects, indicating that individuals substitute time for health production for
time in the labour market during high wage periods over their life cycle. Furthermore,
we find positive permanent effects, indicating that individuals with higher permanent
wages are on a higher health profile. These results are in contrast to what we obtain
when estimating a simple cross section model. In our cross section models, contempora-

neous wages are strongly and positively associated with health and health investments.

Estimates obtained from a simple cross section analysis suggest therefore that in-
dividuals with low wages suffer from poorer health conditions, and have lower health

investments. An implication for health policies is to target individuals in the lower
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quantiles of the wage distribution. In contrast, our model suggests that the intertem-
poral dimension is important for assessing issues relating health and wages. In fact, the
current wage situation of an individual may be a poor indicator for health investments

and health status.

Individuals with higher life cycle wages may be on a higher health (and health in-
vestment) profile, although they may (temporarily) have low wages. Conclusions based
on a simple cross section analysis may wrongly identify temporarily poor individuals

as being in need of health support.

On the other side, our model identifies high wage individuals as being possibly
threatened by health risks. At peak periods of their individual wage profiles, individuals
may tend to substitute time away from health enhancing activities to the work place.
Our model is compatible with observations in the medical literature that individuals
in the highest occupational groups suffer from serious illness (see Marmot et al., 1997).
Simulations based on our model estimates suggest that responses to evolutionary wage
increases may indeed be detrimental to health and health investment. Our analysis
emphasises the need to consider health related behaviour in a truly intertemporal
context. Any examination of the connections between wages and health will need to

address the issues raised in this paper.
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Appendix A

Solving the model

The Hamiltonian is given by equation (10) above. Using Pontryagin’s maximum principle,
the optimal paths of the variables I (¢), C (), A1 (¥), Ao (¢), H (t) and A(t) as well as T are

determined by equations (1) and (7) and the following system of equations:

dK _
% (& ptuc - Al (t) Pe = 0 (27)
dK 1 1 _q
— A _ A [ I t)atb e 0 28
T e (=) 10 (28)
dK . . ! —pt I
——g =R (&) =Xo(t)o (t) = MQ)wit)h —e Pop h (29)
dK . .

The transversality conditions are given by:

M(T) (A(T) - 4) = o, (31)

X (IDY(H(T)—H,) = 0. (32)
The termination condition becomes:

u(c(T)) e+ 2 (1) A(T) + X2 (T) H (T) = 0. (33)

For sufficiency, we need that Ai(¢) > 0 V¢. Ehrlich and Chuma (1990) show that the
length of life is finite if three conditions are fulfilled: health depreciation increases with age,
the critical minimum health level is positive, and the maximum debt is limited to the finite

magnitude of human wealth. We assume that these conditions are fulfilled.

Define the shadow price of health capital as n (t) = %(% Then it follows from the first

order conditions that:

()

n (t) la t)+r— %1 =w(t)h — =Py — (34)

)

where /' denotes the derivative of h with respect to H (¢). Equation (34) is the equilibrium

condition for investment in health capital. The left hand side corresponds to the marginal
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cost of changing the stock of health capital, while the right hand side is the instantaneous

marginal benefit.

Solving equation (34) results in equation (13) above. The parameter 7 (0) is the shadow
value of health at time 0. It is a function of the lifetime profile of earnings, prices, tastes,
and the rates of interest, impatience, and depreciation. It is determined simultaneously with
the optimal longevity 7', and the marginal utility of wealth A; (0) by the following system of

equations:
T T 8
H(T) = e JooMi [H 0) + / 1(s)edo U(T)des] = H° (35)
0
1

A@) = [ [eEIne) - 7)1 —pe ()] T ar £ TA0) =D, (36)

and

1
A1 (0)
+[rA(T) —7I(T) —pec(T)+w(T)R(T))

[ (e (1)) +v (R (1)) 77T (37)

+n(T) () —o(T)H(T)] = 0.
With decreasing returns to scale, the demand for health investments is given by:

n(W)(a+d) T
oo (@, 00))

1(t) = (38)

Equation (38) follows directly from the derivative of the Hamilton function with respect to

investment. Investment /(¢) increases in 7 (¢), and decreases in 7 ().

Combining (38) and (4) yields the demand for health services M (¢):

1-b b 1

M () = BOT=py, P w (1) T2 1y (£) 77 (39)
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Appendix B: The Questionnaire

The question on contentment with health is stated as
How content are you with your heath status? Answers are possible on an 11 point scale,

ranging from entirely uncontent to entirely content.

The question on sport activities is available for the years 85, 86, 88, 92, and 94. There
were also respective questions in 84 and 95, but the coding was different, and not compatible

with the questions in the remaining years. We therefore exclude these years.

The wording of the questions is
Which of the following activities do you pursue in your leisure time? Please state how often
you engage in this activity.
Possible answers for the category Active Sport are: each week, each month, rarely ever, never.

The variable we constructed from this information assumes the value 1 if the individual

classifies into the category each week.
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