
Health, Investment in Health, and Occupational Choice

M. L. Cropper

The Journal of Political Economy, Vol. 85, No. 6. (Dec., 1977), pp. 1273-1294.

Stable URL:

http://links.jstor.org/sici?sici=0022-3808%28197712%2985%3A6%3C1273%3AHIIHAO%3E2.0.CO%3B2-1

The Journal of Political Economy is currently published by The University of Chicago Press.

Your use of the JSTOR archive indicates your acceptance of JSTOR's Terms and Conditions of Use, available at
http://www.jstor.org/about/terms.html. JSTOR's Terms and Conditions of Use provides, in part, that unless you have obtained
prior permission, you may not download an entire issue of a journal or multiple copies of articles, and you may use content in
the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www.jstor.org/journals/ucpress.html.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.

JSTOR is an independent not-for-profit organization dedicated to and preserving a digital archive of scholarly journals. For
more information regarding JSTOR, please contact support@jstor.org.

http://www.jstor.org
Tue May 8 10:57:52 2007

http://links.jstor.org/sici?sici=0022-3808%28197712%2985%3A6%3C1273%3AHIIHAO%3E2.0.CO%3B2-1
http://www.jstor.org/about/terms.html
http://www.jstor.org/journals/ucpress.html


Health, Investment in Health, 
and Occupational Choice 

M. L. Cropper 
Uni~ersityof California, Riverside 

This paper presents two models of investment in health which explicitly 
recognize the random nature of illness and death. The first model ex- 
amines life-cycle behavior of investment and health capital when the 
motive for investing in health is to decrease the probability of illness. I n  
the second model the individual invests in health through his choice of 
occupation. This determines the extent of his exposure to a pollutant, 
such as asbestos, which increases the probability of death. The model 
examines how exposure to pollution should vary with age and predicts 
how workers should respond to information about occupational dangers. 

I. Introduction 


In recent years it has been recognized that expenditures on medical 
services, nutrition, and exercise can be viewed as investments in health 
capital and analyzed using the tools of capital theory. This approach has 
enabled economists to derive propositions about the pattern of medical 
expenditures over an individual's lifetime and to describe the behavior of 
health capital over the life cycle. In  addition, it has provided a means 
of explaining observed cross-sectional differences in medical expenditures. 
Grossman (1972), for example, has developed a model in which health is 
viewed as a capital stock which yields an output of "healthy days." 
Individuals may invest in health by combining time (e.g., for doctor's 
visits) with purchased inputs (e.g., medical services). The incentive for 
investing in health is that by increasing the health stock the individual 
increases the amount of time available for earning income or for producing 
consumption goods. 

The author would like to thank Michael Grossman, Tracy Lewis, and an editor of this 
Journal for helpful comments on an earlier draft of this paper while retaining full respon- 
sibi!ity for any errors. 
[Journal of Political Economy 1977 v d .  85,no. 61 
0 1977 by The ~niversity'of cf;icago. All rights reserved. 
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In the present paper, investment in health is approached from a slightly 
different viewpoint. Specifically, I assume that individuals invest in 
health not to receive a monetary return but to avoid the disutility asso- 
ciated with being ill.' Since individuals are usually unable to enjoy life 
fully when they are ill, illness will be treated as a temporary interruption 
in the individual's utility stream. Death, which is also affected by the 
stock of health capital, can be regarded as a permanent interruption of the 
utility stream. 

A second point of departure is that the relation between health capital 
and illness is treated here as random rather than as deterministic. Whether 
one is well or ill depends, after all, on random events-changes in climate, 
exposure to viruses and germs-as well as upon the size of one's health 
stock. Formally, I shall assume that illness occurs whenever the health 
stock, H, falls below some critical level R, where I? is a random variable. 
The individual thus increases the probability of being well by maintaining 
a high stock of health capital but cannot guarantee that illness will not 
occur. An equivalent way of expressing this is to say that at  each instant 
of the individual's life one of two states-"ill" or "not illy'-must occur. 
The probability of either state obtaining depends on the stock of health 
capital and can be determined indirectly by investing in health. 

Since individuals are not fully able to enjoy life when they are ill, 
illness is assumed temporarily to interrupt the individual's utility stream; 
that is, if the state "ill" occurs the individual receives the same utility he 
would receive if he consumed nothing. Thus psychically, if not literally, 
illness is equivalent to zero consumption. 

Aside from possible theoretical appeal, this treatment of illness enables 
one to distinguish between two very different types of medical expendi- 
ture: preventative medical expenditure and expenditure in the event of 
illness. This distinction is an important one since the two types of invest- 
ment may behave quite differently over the life cycle. The present model 
focuses on preventative expenditure on health, which is nonstochastic, 
and shows that this form of investment may decrease as the individual 
ages and the period over which returns are received decreases. Expendi- 
ture in the event of illness; on the other hand, is a random variable which 
is positively related to the occurrence of illness. Although the model does 
not deal explicitly with this type of investment, it is shown that the 
fraction of time spent ill increases as the individual ages, hence so should 
expenditure necessitated by illness. 

A second advantage of our approach to investment in health is that it 
provides a model which, with suitable modification, can be used to 
analyze a more subtle form of investment in health capital. Casual 

Grossman emphasizes that good health should be regarded as a consumption as well 
as an investment good; however, in the principal case which he analyzes, health services 
do not enter the utility function directly. 
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observation suggests that there is often a trade-off between high wages 
and job safety, especially in unskilled jobs. Hence, in order to earn a 
higher income an individual must often work in occupations which are 
damaging to his health and may even result in his death. This implies that 
the choice of an occupation is also a form of investment in health. 

In recent years attention has been focused on a particular class of'jobs 
which are injurious to the health, namely, jobs involving industrial 
pollutants. The more well-publicized of these pollutants include asbestos, 
kepone, and nuclear radiation; however, the problem is considerably 
larger, for the U.S. Food and Drug Administration lists some 25,000 
substances as potentially hazardous to the health. Like asbestos, most 
industrial pollutants are absorbed gradually, in proportion to the number 
of hours worked, and accumulate inside the worker's body. The interesting 
feature of the process is that the effects of these pollutants may not be felt 
for many years; however, once enough of the pollutant has accumulated, 
death will result. Unfortunately, what constitutes a lethal dose of many 
pollutants must be considered uncertain. The problem facing the worker 
is therefore one of trading higher wages for an increase in the probability 
of death. 

The existence of jobs involving industrial pollutants raises several 
interesting questions. First, if an individual is faced with a choice between 
a job such as coal mining which is known to be dangerous and a safer but 
lower-paying occupation, how should he optimally behave? That is, by 
how much should he increase the probability of death in order to earn a 
higher income, and how should employment in the risky occupation vary 
over the life cycle? Second, if an individual has been working for years 
in an occupation which is suddenly discovered to be dangerous to the 
health, should he continue working, given that he has already accumu- 
lated a large stock of the pollutant, or should he change his occupation 
and allow the pollutant to decay? 

The answers to these questions, which are developed in Section 111, are 
somewhat surprising. It  might seem, for example, that if an individual 
chooses to work at all in a risky occupation, he should do so when he is 
young, switching to a healthier occupation as he grows older so that his 
pollution stock may decrease. Under plausible conditions, however, it 
may be shown that the optimal pollution stock never decreases and that 
some exposure to the pollutant is always called for. Similarly, when an 
individual who has inadvertently accumulated a large stock of pollutant 
suddenly discovers that the substance is dangerous to his health, optimal 

A second type of job-related health risk is the risk of industrial accidents. Unlike 
pollutants, whose effects persist long after employment has ended, these risks are of a 
temporary nature only and may be thought of as increasing the probability of death 
while the individual is at work. Since the problem of industrial accidents has been dealt 
with by Thaler and Rosen (1975), I shall not deal with that problem here. 
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behavior may consist of further increasing the stock of the pollutant rather 
than switching to a less-risky job. 

These conclusions are based on a model, set forth in Section 111,which 
is formally analogous to the model of conventional investment in health 
presented in Section 11. Results are summarized in Section IV. 

11. A Model of Investment in Health Capital 

A. The Model 

Let us assume that a t  each instant an individual receives an income of P 
which he divides between expenditure on a consumption good, C, and 
investment in health capital. This assumption ignores the possibility that 
the individual invests in human or nonhuman capital; however, it 
permits us to focus on investment in health and reduces the model to a 
single state variable. If investment in health has a constant marginal 
cost of c and if the consumption good has a price of v per unit, then the 
instantaneous budget constraint may be written 

P = cI + vc, 

or equivalently, 

c =  Y -pz, 

where Y = P/v and p = c/v. Expenditure on consumption increases the 
individual's utility, provided that he is well, while investment in health 
increases the stock of health capital according to the relation 

Equation (3) reflects the fact that the health stock decays over time as 
the individual ages. Initially it is assumed that the rate of decay is constant 
throughout the individual's lifetime; however, the possibility that 6 
increases over time is considered below. 

The size of the health stock is important since it determines at any 
instant whether the individual is well or ill. Specifically, the event "illness" 
occurs whenever the health stock H, falls below a critical sickness level 
R,, which is assumed to be random. If g,is viewed as the level of germs 
and viruses to which the individual is exposed, and if H, is interpreted as 
resistance to disease, then this assumption characterizes fairly accurately 

'Another way of expressing this is to say that at each instant the individual has a fixed 
amount of labor which he can devote to earning income, producing consumption goods, 
or producing investment in health. Consumption and investment in health are produced, 
as in Grossman (1972), by combining labor with purchased inputs. As long as the pro- 
duction functions for C and I are homogeneous of degree one, this production-oriented 
framework is equivalent to the assumptions made above. 
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minor illnesses such as colds, viruses, and influenza. I n  keeping with this 
interpretation of illness it is assumed that sickness lasts only momentarily 
and does not reduce the stock of health capital.4 

The random nature of R, is captured in the assumption that there exists 
a density functionf - .(R). over the interval [0, co) from which a new R is 
drawn at each t. Successive drawings are assumed independent so that 
4 is independently and identically distributed for all t. In view of these 
assumptions, the probability of the state "not ill" may be written 

F(H,) = f (R)dR,r 

while the probability of being ill is given by 1 - F(H,).  

An important feature of the model is the way in which illness affects the 
individual's utility. If at  any t the state "well" occurs, then the individual 
receives utility from consumption according to the function U(C), 

U1(C) > 0, U"(C) < 0, U'(0) = co, U(0) = 0. (4) 

If the state "illness" occurs, utility is given by the function V(C) = 0, 
all C. Although the individual may literally consume some of the good C 
when he is ill, it is assumed that the disutility of illness renders this 
psychically equivalent to zero consumption. 

Since illness is a random event, instantaneous expected utility can be 
written, by substitution from (2), as 

EU, = F ( H ) U ( Y  - PI). ( 5 )  

Given an initial stock of health H,, the problem facing the individual is to 
choose a path I, and a value H, to maximize 

Since the model applies only to minor illnesses which do not affect the stock of health 
capital, it is reasonable that the individual plans preventative health expenditure at  t = 0 
for the remainder of his life. If one wanted to model major illness, this could be accom- 
plished by having illness (a random rvent) reduce the size of the health stock. In this case 
H, would be a random variable, and the individual would determine his investment in 
health at  each t ,  based on the most reccntly observed value of H,. 

The assumption that V ( C )= 0 in the event of illness does not imply that the 
individual will plan to consume nothing when he is ill. For further discussion about this 
point the reader is referred to the beginning of Section IIB. One might criticizc my 
treatment of illness on the grounds that it does not distinguish among illnesses according 
to their severity. This can br corrected, however, by assuming that the individual receives 
utility from services bH, which are proportional to the stock of health. If the individual 
is well, utility is given by the strictly concave and increasing function U(C, 4H), while 
utility in the event of illness is assumed to be U(0, 4H). (U[Death] = 0, as in the text.) 
If one also assumes that U(C, 4H) is separable, then the qualitative results obtained in 
Section IIB are unaltered by including H in the utility function. 
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subject to (3) .6  I t  is also reasonable to assume that I 2 0 since health 
capital can neither be sold nor consumed. 

In equation (6), T, the time of the individual's death, is assumed known 
with certainty and outside of his control. This rather restrictive assumption 
is relaxed below; however, the case in which T is fixed provides an 
interesting basis for comparing investment in health with investment in 
human capital. 

B. Life-Cycle Behavior of Investment and Health Capital 

In  what follows I shall describe the paths of investment and health 
capital by examining the necessary conditions corresponding to equation 
(6). Before doing so, however, it should be established that the path of 
investment which maximizes (6) is consistent with the amount of invest- 
ment which the individual would choose at each t based on the most 
recent information available to him. I shall argue that the path of 
planned investment is consistent with the actual path of investment if the 
distribution F ( H )is regarded as an objective distribution and if purchases 
of consumption goods at instant t must be made E minutes before the 
individual knows whether or not he is 

Suppose, for example, that the individual revises his investment 
decision at time z, given knowledge of the path Rt ,  0 5 t < z. If F(R) 
is regarded as the true distribution from which a value of R is drawn at 
each t, then the individual has no reason to alter F ( H ) at time z. If it is 
also assumed that the individual must order the goods which he will 
consume at r an arbitrarily small amount of time before H, is revealed, 
then the individual at z will solve the problem 

given H,, and the values of C, and I, chosen at z will not differ from the 
values of C, and I, chosen at time 0. 

The paths of investment and health capital may now be examined by 
writing the Hamiltonian function and necessary conditions corresponding 

If the instantaneous utility function U ( C ) is bounded from below, then by Tonelli's 
theorem it can be shown that equation (6) is equivalent to the objective function 
suggested by the expected utility hypothesis, 

where-
{ g ( C t )  if Ht 1 Rt 

V ( t ) = 
if Ht < nt

'There are many cases in which this assumption seems to fit reality. Food and clothing, 
for example, are goods which are usually purchased prior to the instant of consumption 
and cannot easily be resold. 
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to equation (6). Omitting the discount factor, the current-value Hamil- 
tonian becomes 

3 = F( H )  U(Y - PI) + p ( I  - 6H)  + rI, (8) 

where 11 is the multiplier attached to (3) and r corresponds to the con- 
straint I 2 0. For any H a n d  p, Imust maximize 9,hence (9) must hold 
along an optimal path. Equations (10)-(13) must also be satisfied. 

Since equations (9)-(13) play an important role in subsequent analysis, 
it is well to examine them before proceeding. I n  these equations, p, the 
shadow price of health, represents the increase in future expected utility 
of a unit increase in the stock of health capital. Equation (9), which 
determines I as a function of p and H, states that the individual will 
increase current consumption at the expense of investment in health 
capital until the expected marginal utility of a unit of current consumption 
just equals p, the future utility foregone by not investing in health. 

Equation ( lo) ,  which may also be written 

is a condition which must be satisfied by the optimal stock of health 
capital. In  interpreting (14) recall that for the individual, investment in 
health is analogous to investment in a marketable capital good such as a 
consumer durable. What the equation says is that F1 (H)  U(Y - PI) ,  the 
increase in utility obtained by purchasing an additional unit of H for an 
instant, must equal [ p  + 6 - (ii/p)]p, the cost of an instantaneous 
increase in H. This cost is comprised of three parts-the psychic return p 
foregone by "spending" p on H rather than on current consumption; the 
depreciation cost Sp, reflecting the instantaneous deterioration in H ;  
and 4, the "capital gain" which accrues to the holder of H. (The latter 
must be subtracted from [ p  + '6]p to arrive at the cost of capital.) 
Equation (10) is thus analogous to the familiar result from capital theory 
that the marginal product of capital must equal the supply price of 
capital-interest plus depreciation minus capital gains. The difference 
here is that because the stock of health is not marketable, all returns must 
be measured in utility terms. 



I 280 JOURNAL OF POLITICAL ECONOMY 

Equations (9)-(11) must be satisfied by I,H, and p at all points along 
an optimal path. Equation (12), on the other hand, places restrictions on 
these variables a t  the terminal date T. Equation (12) indicates that a t  
the time of his death an individual will optimally have used up his stock 
of health capital or will be in a position where further increases in the 
stock of health cannot increase utility ( p T  = 0). I t  is clear, however, 
from (1 1) and the fact that I must be nonnegative, that the individual 
will never be able to deplete his stock of health capital in finite time. I t  
therefore follows that the shadow price of health must be zero at  the time 
of death. Since p is continuous, this implies that p < F(H)pU1(Y) for 
some interval prior to T, and hence that I = 0 prior to the time of death. 

Thus as long as the time of death is known with certainty, it must be 
preceded by a period in which no expenditures on preventative health 
care are made. This observation also implies that the individual's health 
stock will be decreasing steadily toward the end of his life and that illness 
is likely to occur more frequently prior to death. 

We shall now examine how investment in health and health capital 
change over the individual's lifetime. Equations (9)-(13) do not exclude 
the possibility that the individual never invests in health; however, the 
case of I, > 0 (except a t  the time of death) is clearly more interesting. 
When I, > 0 the rate of change in investment, I, may be derived by 
differentiating equation (9) with respect to time and then substituting 
for ,iand H from equations ( 10) and (1 1). 

Equations (1 1) and (15), when solved simultaneously, yield a family 
of I-H paths, one for each value of T. The properties of these paths are 
examined in figure 1 by plotting the stationary loci I = 0 and H = 0. 

If H is set equal to zero, the result is a straight line with slope 116. For 
values of I to the left of the line, k i s  decreasing while H > 0 to the right. 
The shape of I = 0 is, however, more complicated. For I > 0 the locr~s 
I = 0 may conveniently be written 

where r ( H )  = F f ( H ) / F ( H )  is the conditional probability density of 
illness. Loosely interpreted, this is the probability that the individual falls 
ill when his health stock is H,, given that he is well when his health capital 
exceeds H,. We shall assume, as seems reasonable, that the conditional 
probability of illness is a decreasing function of H and that 

c~ 2 lim <(H)  > 0, and lim C(H) = 0. (17)
H + O  l l + m  
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FIG.1 .-Paths of investment and health capital when death is exogenous 

In  view of this assumption, the right-hand side of (16) is a strictly 
increasing function of H. As the reader may verify, the left-hand side 
of the equation is a decreasing function of I for 0 5 I 5 YIP and 
an increasing function of I for I > Y/P.~  The locus I = 0 therefore 
begins a t  the point (0, J-'[U(Y)/pUf(Y)]}, slopes downward to the 
point [Yip, ,I- '(Yip)], and increases thereafter. I t  can also be shown that 
the loci H = 0 and I = 0 must intersect only once, and that this inter- 
section must occur on the downward-sloping portion of I = 0.9 

We are now in a position to describe the optimal paths of investment 
and health capital. I n  figure 1 the heavy solid lines represent solutions to 
the system (1 1)-(15) for various values of T. Paths such as (3) and (4), 
which more closely approach the stationary values Imand Hmthan do 
paths (1) and (2), correspond to larger values of T. Since investment in 
health must be zero at  the time of death, any path which does not 
terminate on the H-axis cannot be optimal. This implies that an optimal 
path will resemble (1) or (3) if H is initially small (Ho < H m )  and (2) 
or (4) if H o  is large (Ho > H m ) .  

Specifically, the derivative with respect to Iofthe left-hand side of (16) is UU "/)(U') ' ,  
which is negative for U > 0 and positiye'for U < 0. 

Whenever the curves I = 0 and H = 0 intersect, it must be the case that I = 6H 
and S + p = C(H)[(U/#U')+ I - SH].  Substituting the first equation into the 
second and rearranging terms, C(H) = (6 + p)p[U'(Y - PGH)]/[U(Y- p6H)] ,  
which may be solved for H. The left-hand side ofthe equation is, by assumption, monotone 
decreasing in H, while the right-hand side is strictly increasing in H. I t  thus follows that 
the stationary loci can intersect only once. Since the right-hand side of the equation 
approaches infinity as H approaches Y(6p)- ' ,  this implies that H m  < Y and 
hence that I" < Ylp. Hence the phase diagram of the system must appear as is figure 1. 
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"Unhealthy" individuals (those for whom Ho < H w )  will therefore 
build up their stock of health capital during their early and middle years 
and let it decay during old age. This will be achieved by investing heavily 
in health in the early years, presumably via nutrition and exercise, with I 
decreasing steadily throughout the individual's lifetime and reaching 
zero sometime before death. 

What is perhaps a more typical case occurs if the individual is in good 
health at the beginning of his lifetime (H, > H"). The optimal plan in 
this instance is to allow the stock of health capital to decrease steadily 
over time. The corresponding path of investment will not, however, be 
monotone decreasing. For T sufficiently large, the optimal strategy is to 
increase the amount invested in health to a peak in the early years of life 
and let it decline steadily thereafter. This initial buildup of I is necessary 
to insure that the health stock does not decline too fast for long-lived 
individuals. 

The results of figure 1 suggest an interesting parallel between invest- 
ment in health capital and investment in human capital. I n  the human- 
capital literature (see Blinder and Weiss 1976), the time devoted to 
acquiring productive skills usually declines over the life cycle as the 
period over which returns are received decreases. This phenomenon also 
occurs above. Investment in health decreases as death approaches and 
the marginal benefits from increasing the stock of health capital (p) 
decline. Regarding the behavior of human capital, the individual usually 
builds up his stock of productive skills early in life, with the stock reaching 
a peak in the middle years and decreasing thereafter. This is also true of 
health capital if the initial endowment of health is low (H, < H w ) .  
However, since the decision to invest in health is presumably made during 
adolescence or early adulthood, it is very likely that the stock of health 
capital a t  that time will be high and will decline steadily throughout the 
individual's lifetime. 

I t  should also be noted that the paths of investment in figure 1 contrast 
sharply with the results obtained by Grossman (1972) regarding life-cycle 
behavior of investment in health. A point emphasized by Grossman is 
that investment in health will be positively correlated with age as long 
as the elasticity of the marginal efficiency of health capital is less than one. 
This conclusion is reasonable if investment in health is interpreted to 
mean expenditure in the event of illness, since individuals are more 
likely to be ill when they are old than when they are young. I t  is less 
likely, however, that preventative .medical expenditures will increase over 
time, since investments made late in life yield returns over a shorter period 
than investments made early in life. In  the context of Grossman's model 
a portion of investment in health may be interpreted as recuperative 
expenditure, and hence it is reasonable that investment in his model 
should increase over time. I n  my model, on the other hand, investment 
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in health must be interpreted solely as preventative health care, since 
expenditure in the event of illness is a random event. Hence it is reasonable 
that I decreases over the life cycle. 

C. Investment in Health When Death Is Endogenous 

It  should be remembered that all of the preceding results rest on the 
somewhat restrictive assumption that the stock of health capital in no 
way influences the time of death. A more reasonable assumption is that 
death occurs when the health stock falls below some level I?, where 
I? 5 R. This definition of death requires, however, that the assumptions 
regarding R be altered slightly. I t  is now assumed that R is independently 
and identically distributed for all t over the interval [I?, a).''Death, 
which occurs when H, falls below I?, is therefore equivalent to being sick 
100 percent of the time. This assumption may conflict with the observation 
that some persons prefer being invalids to dying; however, it is hard to 
define death in a more "realistic" way which is also analytically 
convenient. 

If this definition of death were incorporated into the model above, T 
would be determined by the condition HT = I?, and the individual would 
clearly choose to live forever. The choice of a finite lifetime can, however, 
be explained by allowing the rate of depreciation of the human capital 
stock to increase as the individual ages, a device first employed by 
Grossman (1972). If the health stock decays fast enough, desires for 
present consumption, together with the individual's budget constraint, 
will cause him to live a finite life. 

Unfortunately, if 6 is a function of time, the model of Sections A and B 
is no longer autonomous and the analysis becomes complicated. I t  is 
nevertheless possible to say something about the paths of investment and 
health capital for the case in which the individual is risk neutral. Let us 
therefore assume that the individual solves the control problem 

max J e - P 7 ( H ) ( Y  - @ I )dt 
I t ,T 0 

subject to the constraints H = I - 6H, 0 II IYIP, and HT = I?. 
Since the Hamiltonian function 

l o  The expression F ( H ) is now redefined as 
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is now linear in I, the individual will set 

where $ is the value of a unit increase in H and $ - p F ( H )  may be 
interpreted as the net yield, measured in utility terms, of an additional 
unit of investment. In  the intermediate case in which $ - p F ( H )  is zero, 
any value of I in the interval [0, YIP] is possible. The optimal I is deter- 
mined in this case by differentiating $ - p F ( H )  with respect to time, 

and substituting for k a n d  $ from equations (3) and (22), both of which 
must hold along an optimal path. The resulting equation, (23), may be 
solved for 

and the optimal health stock, H,*, and investment, I,*, may be found in 
turn from the state equation I = 6 H  + H.' ." 

The important question, of course, is how H,* and I,*vary over the life 
cycle. As in Section IIB the analysis below is confined to the case in which 
I, > 0, except a t  the time of death. To  describe the behavior of health 
capital over time, equation (23) is graphed in figure 2. The left-hand side 
of the equation is monotone increasing in H and discontinuous at  
H = Y(p6)-', while the right-hand side is a decreasing function of H 
which either intersects or is asymptotic to the line through a.Since 
initially 6 will be small, it is likely, unless the cost of investment is very 
high, that Y(p6) -'will exceed I?, thus guaranteeing a unique solution 
for H*.  As the individual ages and his health capital decays at  a faster 
rate, Y (6p) -'grows smaller and p(6 + p ) (Y - p6H) -'shifts graph- 
ically upward. Thus, as expected, the optimal stock of health capital 
decreases monotonically, with the precise rate of decrease given by 

In determining the paths I;C and H:, a problem arises if the solution to (23) is not 
unique or if the value of I;C implied by (23) violates the constraint 0 5 I 5 YIP. Fortu-
nately, the assumption t ' ( H )  < 0 guarantees that H t  is unique. It can also be shown 
that I* < YIP (see n. 12 below); however, the possibility that I;C = 0 cannot be ruled 
out. 
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FIG.2.-Determination of the optimal stock of health capital when death is endogenous 

equation (24) :' 

As long as 6 continues to increase over t ime,p(S + p) (Y - p6H) -' 
must eventually intersect ( (H)  at H = A, or, if ( ( H )  is asymptotic to H, 
I? must exceed Y(6p)-', implying that an optimal H *  does not exist. I n  
either case, death occurs in finite time. I t  should also be noted that the 
proportion of time that the individual will spend ill .increases as the 
individual ages, due to the fact that as the stock of health capital falls, 
the probability of being ill a t  any instant rises. 

As indicated above, once the optimal stock of health capital is known, 
investment in health may be obtained by solving equation (3) for I*, 

l 2  An important result of figure 2 is that I: < YIP, which guarantees that the 
individual always has a positive level of consumption. As figure 2 implies, 6H,* < YIP; 
however, if H? < 0, I: < 6H:, implying 1: < YIP. 

l 3  Equation (25) holds, strictly speaking, only when I > 0. If I = 0, equations (23) 
and (24) no longer apply and the individual is said to be in a blocked interval. However, 
conditions may be placed on the path of S through time to guarantee that the individual 
will never be in blocked interval, except a t  the time of death. 
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The behavior of I*over the life cycle is then determined by differentiating 
(25) with respect to time, 

Unfortunately, previous assumptions no longer guarantee that I is 
unambiguously negative after some point in the life cycle, as was the case 
in IIB. The explanation for this is simple: Even though marginal benefits 
from increasing the stock of health capital, $, decline over time, replace- 
ment investment, 6Hr, may increase as a result of 8 > 0. Hence it is no 
longer necessarily the case that I < 0. 

Before leaving figure 2 it is interesting to examine how the stock of 
health capital varies among individuals in different income classes and 
among individuals living in different environments. An immediate 
implication of the diagram is that among individuals with different 
incomes who are otherwise identical, wealthier individuals will maintain 
higher stocks of health capital than poorer persons. This implies, through 
the function 1 - F ( H ) ,  that low-income individuals, ceteris paribus, 
will spend more time ill than their wealthier counterparts. 

A less obvious implication of equation (23) is that persons who live in 
polluted environments will choose to maintain lower stocks of health 
capital and, for this reason, will be ill more often than individuals who 
live in healthier environments. One way to capture the effects of pollution 
is to say that health capital deteriorates faster, that is, that St is higher, 
the more polluted the environment. This implies that pollution has a 
cumulative deleterious effect on health which, if not offset by investment 
in health, will cause individuals to be ill more often and die sooner in a 
high-pollution area. Since dH;/dG, < 0, the model shows that individuals 
will not fully offset the effects of pollution by investing in health, and 
hence that the optimal health stock will be lower the more polluted the 
environment. 

Finally, the model suggests that individuals who are more likely to 
become ill will compensate for this fact by maintaining higher stocks of 
health capital. I n  the language of IIA, individuals who have a higher 
probability of being ill (for a given H )  have distribution functions F(R) 
which lie below those of individuals who are less likely to be ill. To  see 
how this affects the optimal stock of health capital, let us consider the 
family of density functions 

This family satisfies the condition <'(H) < 0, and has the intuitively 
appealing property that small values of R are more likely to occur than 

l 4  Without loss of generality, His  assumed to be measured as a deviation from fi. 
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large values of R. The corresponding distribution function is given by 

Since 

is positive for H > 0, an individual for whom u is small has a lower 
probability of being well for any H than a person for whom u is large. 

The optimal health stock depends, however, on {(H),  the conditional 
probability density of illness. For the distribution function (28), 

and 

which is negative for H 2 a - ' .  Thus in terms of figure 2, {(H) will be 
higher (except for small values of H - A) the lower is u. This implies, 
in particular, that individuals who are more likely to be ill will maintain 
higher stocks of health capital. 

111. Occupational Choice as Investment in Health 

After analyzing what is conventionally meant by investment in health, let 
us now examine a more subtle way in which an individual affects his 
stock of health capital-namely, through choice of occupation. In  this 
section the problem facing the individual is one of trading higher wages 
for greater exposure to a pollutant which has deleterious effects on the 
worker's health and increases the probability that he will die at an early 
age. This type of trade-off is especially important in industries such as 
coal mining and asbestos manufacturing; indeed, a major justification 
for the present model is the insights which it yields into the decision to 
work in such occupations. 

A. The Model 

In  order to focus on the problem of occupational choice, we shall assume 
at  each t that the individual has E of labor which he divides between a 
"healthy" occupation (farming) and an "unhealthy" occupation (coal 
mining), which pays a higher wage but exposes him to a potentially lethal 
pollutant. If L, denotes the number of hours worked in the unhealthy 
occupation, then the individual's income at t may be written 
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where w represents the wage differential between the two occupations 
and the wage in the healthy occupation is taken without loss of generality 
to be one. As the individual works in the unhealthy occupation he is 
assumed to absorb a pollutant, such as coal dust, a t  a rate of b units per 
hour. The rate of change in the pollution stock is thus given by 

where r is the rate at which the stock decays. 
Income and the pollution stock affect the individual's utility in the 

following way. If the individual is alive a t  time t ,  he receives utility from 
income according to the strictly concave and increasing function C ( Y ) ,  
where U ( . ) has the properties listed in (4). If the individual is dead, 
income is zero and no utility is received. Although by assumption the 
pollutant has no immediate effect on utility, a sufficiently high con-
centration of the pollutant will cause death.15 Formally, death occurs if 
P 2 P,  where P is the lethal dose of the pollutant. We shall assume that 
there exists a true P which does not change throughout the individual's 
lifetime but which is unknown to the individual. Subjective beliefs about 
P at  time 0 are reflected in the probability density function g (P) ,  which is 
distributed over the interval (Po, m) with g ( P )  > 0.16 AS time passes, 
the knowledge that the individual has not yet died provides information 
which may be used to update the distribution g (P) .  It is shown in 
Appendix B that if the worker revises his beliefs about P at  some time t, 
.r > 0, the path of employment based on these updated beliefs will be 
consistent with the path of employment chosen a t  0. 

The above assumptions imply that the probability that the individual 
dies a t  t is G(P,), where G ( . )  is the cumulative distribution corresponding 
to g ( P ) .  However, for the purpose of computing expected utility, it is not 
thc probability thdt the indikidual dies a t  t but the probability that he is 
alive a t  t which is of interest. The probability that the individual is alive 
at t is computed in Appendix A by noting that the event "the individual 
is ,~ l i \ e  a t  t" is equivalent to the event "the individual does not die prior 
to t." As is shown below, the probability that the individual does not die 
prior to t is the probability that P exceeds the largest value of P in the 
interlral [O, t ] .  Hence 

By controlling the size of his pollution stock the individual thus affects 
the probability that he will live or die and in turn determines his expected 

' iLIany industrial pollutants do, of course, have immediate side effects, which suggests 
that utility should depend on P as well 3s on Y. Unfortunately, the case where U = 
Cr(k-, P)  is intractable, for reasons that will become clear below. 

l 6  Since it is assumed that P remains constant throughout the individual's lifetime, 
thc knowledge that the individual is alive a t  t = 0 implies that Po < P. 
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utility, 

The interesting question is how the relationship between the pollution 
stock and expected utility affects the individual's choice of occupation. 

Formally, the problem of occupational choice consists of selecting a 
path L, to maximize discounted expected utility 

subject to (33 )  and to the inequality constraint L 2 L 2 0. As equation 
(36) implies, the individual is assumed to die at T from "natural causes" 
if he does not die sooner as a result of his job. 

The analysis of equation (36 )  is complicated by the fact that instan- 
taneous expected utility depends not only on the current value of the 
pollution stock but on all previous values of P as well. However, the 
objective function may be simplified by showing that the optimal pol- 
lution stock never decreases, and hence that 

A ( o s T s ,p7)  A ( P J .max = 

To see this, note that in equation (36 )  P affects utility only by altering 
the probability that the worker is alive. Since the probability that the 
worker is alive at t is the probability that P exceeds the largest value of P 
in the interval [0, t], the individual can never increase his utility a t  t ,  or 
at any time following t, by setting Pi< 0. Since this argument holds for 
any t. the optimal pollution stock can never decrease and 

Lt'ith this simplification, equation (36 )  may be written 

SoTr - Y ' A ( P )U ( L  + zcL) dr, 

and the problem of occupational choice is seen to be analogous to the 
problem of investment in health studied in Section IIB. 

B. Life-Cycle Belzacior of Emplyment and Pollutio?z 

Note thdt ~ I Isimplifying (36 )  an important result h a  been obtained, 
narrlell. that P,  never decreases. Ft'hile intuition might suggest that an 
individual working in a risky occupation would build up  his pollution 
stock when he was young, allow it to decrease later on in life, and possibly 
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return to the risky occupation in old age, the model indicates that as long 
as the individual suffers no immediate disconlfort from the pollutant, 
nothing is gained from allowing P to decrease since decreasing P cannot 
increase the probability that the individual will live. This suggests that 
individuals will take "recuperative breaks" from an unhealthy occupation 
only if the pollutant decreases their instantaneous utility. The fact that 
the job increases the probability of death is not, by itself, suficient reason 
for leaving the occupation. 

A related question of interest is how L,, the path of employment in the 
risky occupation, varies over the life cycle. Two cases may be distinguished. 
If initially Po = 0 and Lo = 0, then it may be shown that the individual 
will never work in the risky occupation." O n  the other hand, if the wage 
is high enough that Lo > 0, equation (33) and the condition l' 2 0 
imply that the individual will always work some amount of time in the 
risky occupation. The path of employment in the latter case may be 
derived from the results of Section I IB by noting that a high stock of 
pollution is equivalent to a low health stock, while an increase in invest- 
ment in health (I> 0) corresponds to a decrease in the number of hours 
worked in the risky occupation (L < 0).18 Since P 2 0 (H 0), only 
paths analogous to (2) and (4) in figure 1 are possible.'9 Thus employ- 
ment in the risky occupation will begin at Lo  > 0, decrease as the 
individual grows older, and then increase as rctirement (time T) 
approaches. This implies that an individual who chooses to work in an 
unhealthy occupation will expose himself to large amounts of pollution 
early in life, decreasing his exposure in middle age to prevent too rapid 
an accumulation of the pollutant. As the individual grows older, the 
negative effects of pollution last for a shorter length of time and employ- 
ment in the risky occupation increases. Thus, even though the optimal 
pollution stock never decreases, the amount of time worked in the risky 
occupation does decrease during the life cycle to prevent P from increasing 
too rapidly. 

l 7  The condition which cletcrnmincs L as a function of I. and P is wU1(Y)A(P) + 
b l  ( 0. Hence if [wU1(L)/b] < -lo,Lo = 0. :Is long as L, = 0, howcvcr, it can be 
shown that 1decreases ovrr time and hence that -1,increasrs in absolute value. Hence 
if Lo = 0 and P o  = 0, L, = 0 thercaftrr. 

l 8  For a complete analysis of thc solution to (38) thc rcadrr is rcfi.rrrd to Cropper 
(1976). 

l 9  The fact that paths corresponding to (1) and (3) are no longer possiblc implies that 
therc is an important differc.nce between thc nmodels of Sections I1 and 111. The cliffcrrncc 
is in the nature of the randotnness in each nmodcl. I n  Section I1 the probability that thr 
individual is well at t is, by assunlption, indepcndent of the probability that he is well at  t ' .  
Hence by setting H < 0, the individual can always increase the probability of being well. 
In Section 111, however, the probability of being alive at  t is not independent of the 
probability of being alive at  t ' ;  in fact, P(a1ive at  t ) 5 P(a1ive at  t'), where t '  < t . Thus 
the indibidual can never increase the probability that he is alivc at  t by setting P, < 0. 
For this reason P r 0, and one of the two strategies which is possible in Section I1 is 
ruled out in Section 111. 
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In addition to the al~ovc conclusions, the present model has interesting 
implications for an important real-world problenl. Frequently, it is learned 
that a job prcvio~isly thought to be harmless actually exposes workers to a 
dangerous pollutant. ;In important question is how workers should 
optimally rcact to this information, assuming they have already ingested 
significant amounts of thc pollutant 11ut also assuming that they suffer 
no noticca1)lc sick cfrccts from it. ;I comn~only held view is that workers 
should leave the unhralthy occupation in an attempt to neutralize the 
cfkcts of the pollutant. In many cases, however, workers are observed to 
remain in risky occupations after being warned of the dangers involved. 
The model suggests that this behavior is indeed optimal. By analogy with 
figurc 1, when T is "sniall" the worker will a t  first reduce the number of 
hours worketl in the unhealthy occupation; howrver, L will eventually 
increase, with the individual working full time in the risky occupation as 
retirern'nt approaches. Thus the individual's failure to decrease his 
csposurc to risk need not be the result of myopia or lack of employment 
opportunities I)ut may reflect a rational decision. 

IV. Conclusion 

This paper has presented two models of investment in health which 
explicitly recognize the random nature of illness and death. In  the first 
model the demand for preventative medical care (checkups, dietary 
supplements, etc.) is derived from the more basic demand for health 
capital. Individuals desire to increase their stock of health capital in order 
to decrease the probability of illness. This is because an individual, when 
ill, receives no utility from consumption; hence investment in health 
increases expected utility of consumption. Against this increase in expected 
utility the individual must balance the cost of investing in health, which 
depends on the price of medical services, the rate of depreciation of 
health capital, and the individual's subjective discount rate. 

The important question, of course, is how investment in health and the 
optimal health stock vary throughout the life cycle. I n  human-capital 
theory, individuals usually invest most heavily in themselves when they 
are young, with the amount of time devoted to training declining steadily 
thereafter (see Blinder and Weiss 1976). If the time of death were known 
with certainty, one would expect that investment in health would also be 
concentrated a t  the beginning of one's life and decrease as the time of 
death approached. If the conditional probability of illness is a decreasing 
function of the health stock, this is in fact the case. However, a major 
difference between investment in human capital and investment in health 
is that in a model of health capital the time of death cannot be treated 
as exogenous. This problem is remedied in Section I1  by assuming that 
death occurs if the individual is ill 100 percent of the time. If one also 



I292 JOURNAL OF POLITICAL ECONOMY 

assumes that tlie rate of decay of health capital increases with age, then 
it can bc shown that the individual will live a finite life and that his stock 
of health capital will decrease as the time of death approaches. This, in 
turn, implies that tlic fraction of time spent ill increases as the indiviclual 
ages ancl that recuperative medical expenditures shoulcl, thcrcforc, 
increasc. Prcventative medical expenditures, on the other hand, may 
decrease as the inclivid~~al ages. 

In  the second moclel, investment in health is related to occupational 
choice. C:as~lal observation suggests that for individuals with a fixed stock 
of human capital there is often a trade-off between earning higher wages 
and working in an unhealthy environment. This trade-off is especially 
important when the higher-paying job exposes the worker to an industrial 
pollutant such as asbestos, which in sufficiently high concentrations can 
cause death. In  thc rnodel of Section I11 the individual must choose 
between a "safe" occupation which has no effects on health and a higher- 
paying occupation which exposes tlie worker to a potentially lethal 
pollutant. Increases in the stock of thc pollutant increasc the probability 
of death; hence tlie worker must trade the opportunity to earn a higher 
incorne against an increased probability of dying. 

If it is assumccl tliat the pollutant does not yield immctliate disutility to 
the worker, it can be shown tliat tlie optirnal pollution stock ncver 
decrcascs ant1 tliat the worker if he cvcr works in the risky occupation will 
always cxpose liirnsclf to some amount of pollution. This implies, in 
particular, that a n  indivitlual who has been working in an occupation 
\vhich is discovered to be hazardous to the health need not quit the 
occupation once he is informed of the dangers to his health. Thus what 
upon casual observation may appear to be irrational behavior is shown 
by our modrl to be consistent with rational decision making. 

Appendix A 

To compute the ~ r o b a b i l i t ~  that the individual is alive at time t ,  let us define the 
event, "the individual does not die at  r" and denote it D,: 

D, = { P  1 P 2 P,). (All  

Since the probability that the individual is alive at  t is the probability that he has 
not died at  any time up to and including t, 

Note, however, that because the lethal dose of the pollutant does not change 
throughout the individual's lifetime, 
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Thus 

Hence if 

Appendix B 

The purpose of this Appendix is to show that the optimal path of employment in 
Section I11 allows for revision of expectations about P, the lethal dose of the 
industrial pollutant. The method of proof follows Long (1975). 

Let g(P P,) be thc density function over P, given that P, of the pollutant has 
already accun~ulated and that death has not yet occurred. 

One may likewise define 

to be the probability that the lethal dose is a t  least of size P,, given that P, of the 
pollutant has accumulated to date. 

'I'he question is whether the path L,, which maximizes 

subject to 

P = bL - UP, 

L 2 L 2 0 ,  

Po given, 

is consistent with the path chosen at  time t', provided death has not yet occurred, 
to maximize 

subject to (B3). 
Since A(P,, P,,I O), the joint probability that P > P, and P > P,,, equals 

A(P, 1 0) for P, > P,,, expectations will be revised according to 

It  thus follows that, given P,,, the revised probability of being alive differs from 
the initial probability only by a multiplicative constant, and (B2) and (B4) will, 
therefore, yield identical solutions. 
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