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Abstract

We analyze the effect of the uncertainty of the incidence of illness on the demand for
medical care and on the accumulation of health capital and wealth over the retirement years.
We use a simplified version of a dynamic Grossman household production model to
characterize patterns of an individual’s precautionary behavior. Elderly individuals respond
to uncertainty by smoothing their expected utility over time by making specific patterns of
purchases of medical care and consumption. We examine these patterns for individuals with
different degrees of risk aversion. q 1998 Elsevier Science B.V.
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1. Introduction

Will I catch the flu this year? Will I have another heart attack? Will I develop
cancer as some of my relatives have? One of the main features that distinguishes
the demand for medical care from the demand for other goods and services is the
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uncertainty of the incidence of illness. Individuals respond to this uncertainty by
modifying their behavior, perhaps purchasing extra medical care and saving a little
more each year as a precaution against future periods of illness. Very few studies

Žfocus on the direct effect of uncertainty on the demand for medical care Dardanoni
.and Wagstaff, 1987, 1990; Selden, 1993; Chang, 1996 , and none approach the

topic within a framework that provides a description of the pattern of an
individual’s precautionary behavior over time.

In this paper we analyze the effect of the uncertainty of the incidence of illness
on the precautionary behavior of individuals in their retirement years within a

Ž .stochastic dynamic model based on the Grossman 1972 consumption model. We
Ž .extend the work of Dardanoni and Wagstaff 1990 who examine the effect of

uncertainty within a static version of the Grossman consumption model and find
that, under plausible assumptions, greater uncertainty results in an increase in the
demand for medical care. It is difficult for a static model to fully describe the
effects of uncertainty because individuals do not make a one-time change in their
behavior, but rather they make adjustments over time. To our knowledge ours is
the first study to analyze the effects of this uncertainty on the demand for medical
care in a dynamic framework.

Our model is a simplified version of the Grossman household production model
with discrete time. We modify his model by introducing the uncertainty of the

Ž .incidence of illness as described by Arrow 1963 and by making the optimization
problem a result of a series of sequential decisions rather than one large maximiza-
tion. The sequential decisions reflect the fact that an individual’s current demand
for medical care depends in part on previous decisions and on hisrher uncertain
expectations of the future. Our model characterizes an individual’s purchases of
medical care as the optimal path of expenditures that result from these decisions.
Because this model does not have an analytical solution, we cannot obtain
standard comparative static results. Instead, we solve the model numerically and
derive the time paths of the endogenous variables, consumption and medical care
expenditures, as well as the state variables, wealth and health capital. To assess the
effects of uncertainty we change selected parameters and obtain time paths that
can be compared to the original paths.

An advantage of our method is that it allows us to characterize the response to
uncertainty as a pattern of precautionary behavior rather than as a one time change
in medical care. We find that individuals adjust their behavior over time by
changing not only their stock of health but also their level of wealth. The time
paths reveal the trade-offs that individuals make between current consumption and
medical care purchases as well as those between current and future expenditures.
The model also provides special insight into the role of risk aversion in determin-
ing an individual’s response to uncertainty. Our results show that, as intuitively
expected, more risk averse individuals will exhibit extra precautionary behavior,
especially in the form of additional medical expenditures. Very risk averse
individuals may respond to an increase in uncertainty by actually reducing their
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savings because the increases in medical care are not completely offset by
reductions in consumption.

The paper is organized in the following manner. Section 2 presents a stochastic
dynamic household production model and the optimization decision. Section 3
describes the dynamic programming procedure used to solve the maximization
problem. Section 4 discusses the simulation results and Section 5 concludes the
paper.

2. The model

Assume that a retired individual chooses the levels of consumption and medical
care that maximize hisrher expected lifetime utility subject to wealth and health
constraints. Sherhe solves the following problem:

T
tmaxE b U C , H 1Ž . Ž .Ý0 t t

C , Mt t ts1

subject to

W s 1qr W yC yM 2Ž . Ž . Ž .tq1 t t t

H sdH qe q u yu e Mu3Ž .tq1 t t 1 2 t t

C G0, M G0, H G0, and W G0t t tq1 tq1

Utility in each time period depends on current consumption, C , and health, H ,t t

and is discounted to the present value at the rate b. Both C and H must bet t
Ž .positive for the individual to survive. Eq. 2 determines the change in wealth

when passing from one period to the next. The individual begins time period t
with a stock of wealth, W , that is diminished by consumption, C , and medicalt t

care expenditures, M , during the period. The remainder of W increases with thet t

real interest rate, r, and becomes the level of wealth at the beginning of the next
period, W . 1 Individuals have no bequest motive. Consequently, they com-tq1

pletely exhaust their wealth during or before time period T , after which they enter
an era of their life in which they do not make financial decisions.

Ž .Eq. 3 shows the evolution of the stock of health, H . It depreciates at the ratet
Ž .1yd , and may decrease due to a non-positive, stationary and exogenous
random shock, e . The shock could be any illness or injury that causes a larget

reduction of the stock of health such as a stroke, heart attack, or a hip fracture.

1 According to our definition of wealth, W represents the amount of assets purchased in period ty1t

plus the interest earned on those assets. Let W denote the amount of assets purchased in period ty1,t
Ž . Ž . Ž .implying W sW 1q r . Substituting this expression into 2 yields W s 1q r W yC y M ,t t tq1 t t t

Ž .which is another common representation of 2 .
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The stock of health will increase at the end of period t due to expenditures on
medical care during t, M , made with knowledge of e . When u )0, u )0 andt t 1 2

0-u -1, the marginal product of medical care is positive and diminishes as M3 t

rises. During a time period without a health shock, e s0, the marginal product ist

lower than during a time period in which a shock occurs, e -0. In addition, thet

marginal product of medical care increases with size of the shock. 2 Medical care
in periods without shocks consists of all purchases that are not in direct response
to a current shock. For the elderly this includes preventive care, treatments for
common ailments associated with aging such as glaucoma, hypertension or
arthritis, and expenditures that increase the stock of health such as care for the
remaining effects of past shocks. A health shock causes the demand for medical
care to respond to a specific, immediate need. Medical treatment immediately after
a stroke, heart attack, broken bone or any acute illness or injury has a high
marginal product in this model.

We assume the utility function in each time period takes the following form:

1ysg 1ygC H y1t t
U C , H sŽ .t t 1ys

Ž .where g g 0,1 . s)0 and helps determine the curvature of the utility function.
This utility function is increasing, strictly concave in each argument, and displays
a constant degree of relative risk aversion.

In a single argument utility function of the above form, s is the Arrow–Pratt
Ž .coefficient of relative risk aversion. Dardanoni 1988 derives the formula for the

Arrow–Pratt measure of relative risk aversion for a two-argument utility function.
When the arguments of the utility function are consumption and health, and the
gamble involves a loss of health, that formula is:

yH)E 2UrE H 2
RR s

EUrE H

R ( . Ž .For our utility function, R sgys gy1 . Since g g 0,1 , the Arrow–Pratt
measure of relative risk aversion is positively related to s . 3 When s-1 the
marginal utility from a given consumption expenditure is positively related to

Ž .health as found in Viscusi and Evans 1990 , and a given level of health yields
greater utility the higher is consumption, i.e., the cross-partial derivatives with
respect to H and C are positive.t t

2 Ž .Grossman and Rand 1974 also develop a model incorporating the assumption that the marginal
productivity of curative care increases with the degree of illness.

3 The intertemporal elasticities of substitution with respect to consumption and health are constant
Ž Ž .. Ž Ž ..and equal to 1r 1yg 1ys and 1r g ys g y1 , respectively.
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3. Solving the model

Although the concave utility function and the quasi-convex constraints yield
optimal values for the control variables, the maximization problem presented
above does not have a closed form solution. Optimal paths of consumption and
medical care expenditures are instead estimated with a numerical simulation

Ž .procedure suggested by Bertsekas 1976 . To implement the simulation, numerical
values must be assigned to the parameters of the model and the stochastic process
followed by e must be defined.t

Reasonable, yet arbitrary, parameter values for the simulation are: Ts15,
Ž . Ž .bs1r 1.03 , 1qr s1.03, gs0.6, ss0.9, ds0.976, u s0.75, u s0.251 2

and u s0.5. Fifteen annual time periods are sufficient to follow a 65 yr old to3
Ž .age 80 and are consistent with the Hurd 1989 finding that 90% of the respon-

dents in the Retirement History Survey exhausted their wealth in less than 14.3 yr
after age 65. The rate of time preference is set equal to the real rate of return,

Ž .bs1r 1qr , to eliminate another reason to save or to dissave.
We select a weighting of utility with respect to consumption, gs0.6, and a

ss0.9 for the initial simulations; we later compare these results to those using
alternative values of s . Assuming gs0.6 and ss0.9 implies the index of
relative risk aversion, R R, equals 0.96 in the initial simulation. We know of no
existing estimates of our measure of relative risk aversion.

The depreciation rate of health capital increases with a person’s age based on a
Ž .slightly modified version of a formula from Grossman 1972 , ds1y0.012=

Ž Ž ..exp 0.021= 32q t . Thus, the parameter d , which is one minus the depreciation
rate, ranges from 0.976 at age 65 to 0.968 at age 79. The u , u and u values in1 2 3

the health production function allow the marginal product of medical care to be
positive, to increase when a health shock occurs, and to diminish with additional
increments of medical care. 4

The stochastic process is driven by the potential health shock, e , which takest

on a value of zero when the shock does not occur, and a designated negative value
representing a loss of health capital when it does occur. We make the transition
probabilities of incurring a shock next period inversely related to the current stock
of health, H , enabling expenditures on preventive care from previous periods tot

decrease the probability of the incidence of illness in future periods. We also
assume the probability of having a shock next period is a positive function of the
size of the shock that occurs in the current period. Thus, incurring a shock today
increases the probability of a shock next period.

The optimization problem is solved in the following manner, similar to that
Ž .described by Hubbard et al. 1994 . In the final period, T , M s0 and C sW .T T T

4 We do not report our simulations run with different values of g , d and the u s. We found that the
parameter changes affected the position of the time paths but their shapes and our conclusions about
the effects of uncertainty were robust.
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For each preceding time period a two-dimensional grid is created. Each grid
consists of 150 discrete potential levels of W and 150 discrete potential levels oft

H ; the levels are scaled from zero to ten. The points represent zero wealth to hight

wealth and death to extraordinary health for a 65 yr old, respectively. Maximum
expected utility is calculated for each of the 22,500 points on the grid in time
period Ty1, given the final period’s optimization values, under each of two
assumptions: the shock occurs or it does not. 5 Similarly, for each gridpoint in
each of the remaining time periods, tsTy2 backwards to ts1, optimizing
levels of C and M are computed incorporating the next period’s already-calcu-t t

lated optimal choices of C and M . The levels of C and M for eachtq1 tq1 t t

gridpoint in each time period maximize expected utility, and satisfy the condition
that their marginal utilities equal their corresponding discounted marginal utilities
in time period tq1.

After completing the calculation of the utility associated with each point on the
grid in each time period under each of the two assumptions, starting values of W1

and H are selected for an individual and the optimal C and M paths deter-1 t t

mined. Time paths for W and H are then calculated from the starting values andt t

the C and M results. These simulated paths, reflecting a variety of starting andt t

parameter values, are shown in the forthcoming figures.

4. Simulation results

4.1. Modelling uncertainty

We use three basic simulations to demonstrate the effects of uncertainty of the
incidence of illness. This uncertainty is introduced via the transition probabilities
of the occurrence of a shock between time periods. We increase uncertainty by
changing the transition probabilities to create first-order and second-order stochas-
tic dominating shifts in the distributions of the random shocks. The new probabili-
ties lead to new optimal paths of medical care and consumption expenditures and
stocks of health and wealth. Comparisons of before-shift and after-shift time paths
describe the effects of uncertainty. To focus on the effects of the uncertainty of
incurring a shock rather than of the shock itself, our simulated patterns do not
allow the shocks to occur.

In the first simulation, the transition probabilities for every time period are

5 Death occurs when H F0.001. To provide a strong incentive to live rather than to die, a lowt
wŽŽ .1y s . Ž .xutility value, 5) 0.0001 y1 r 1ys , was assigned when H F0.001. We use H F0.001t t

rather than H s0.0 because when s )1 and H s0.0, utility goes to negative infinity.t t
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Ž .Pr e s0 s1, eliminating uncertainty of the incidence of illness from thetq1

model. In the second simulation the shock takes on the following distribution:

0 with prob. e zt y1 1qe ztŽ . Ž .
e s 4Ž .tq1 z t½y1 with prob. 2 1qeŽ .

where z s1.0q0.2 H q0.8e . The third simulation is designed to have the samet t t
Ž z t.mean as the second, y2r 1qe , but a larger variance. In this simulation the

probability of a shock takes on the following distribution:

0 with prob. e x t 1qe x tŽ .
e s 5Ž .tq1 x t½y2 with prob. 1 1qeŽ .

where x s1.0q0.2 H q0.4e . 6 For the third simulation, the transition probabil-t t t

ities from period one to period two for a person with a medium level of health are
0.9 when moving from ‘no shock in period one to no shock in period two’ and 0.8
when moving from ‘shock in period one to no shock in period two’.

Assuming no shock actually occurs, comparing the results of the first simula-
tion with those of the second and third reveals the effects of potentially incurring a
shock. The possibility of a shock reduces the expected value of health capital and
increases its variance. The potential of a shock also creates a first-order stochastic

Ž .dominating FSD shift of uncertainty; the cumulative distribution function of the
occurrence of a shock in the third distribution is always greater than that of the
first distribution. An individual with an increasing utility function will always
prefer the first distribution. Health-related examples of an FSD shift include the
spread of a new, potentially serious virus, a decline in environmental quality, and
the effects of aging.

A comparison of the time paths from the second and third simulations
demonstrates the effects of a mean-preserving spread, a Rothschild and Stiglitz
Ž .1970 increase in risk. A mean-preserving spread represents any situation in
which two illnessesrinjuries have the same expected loss of health but different
severities, perhaps the flu vs. a broken hip for the elderly. Even though the
expected health loss is the same, a risk averse individual’s expected utility will be
lower when facing the alternative with a higher variance. Thus the certainty
equivalent expected value of the second distribution is greater than that of the
third, and the risk averse individual will prefer the second distribution.

A change from the second to the third distribution also reflects a second-order
Ž .stochastic dominating SSD shift of uncertainty because the sum of the differ-

6 The simulations have equal expected values because x s z with or without the occurrence of thet t

shock.
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Table 1

Ž .F F F y F S F y F3 2 3 2 3 2

1 1 1y2 0x x xt t t1q e 1q e 1q e
1 2 y1y1 0x x xt t t1q e 1q e 1q e

0 1 1 0 0

ences between the two cumulative probability distributions is greater than or equal
to zero for all values of e . As is shown in Table 1, the cumulative probabilitytq1

of the occurrence of the shock in the third distribution exceeds that of the second
for e sy2; for e sy1 the cumulative probability of the second distribu-tq1 tq1

tion is greater than that of the third. However, the sum of the differences of the
cumulative distributions equals zero when e sy1. Therefore, the second istq1

less risky and dominates the third in the sense of second-order stochastic domi-
nance.

4.2. Dynamics

Fig. 1 shows the dynamics of the variables of the model in the three basic
simulations when no shock occurs. The paths depict the behavior of a maximizing
individual who smooths hisrher expected utility over the remaining future time
periods. The initial values of the state variables, W s6 and H s6, represent1 1

medium levels of wealth and health, and the relative risk aversion level is set to
that associated with ss0.9.

The ‘certainty’ simulation results are marked with dashed lines in Fig. 1. With
certain knowledge of health and wealth, the rational decision-maker will smooth
utility through time by selecting reasonably steady levels of C and H . This ist t

shown in the pattern of the dashed lines; the individual purchases a small amount
of medical care during each of the early periods merely to offset depreciation of
the stock of health, then decreases those purchases and lets health depreciate a
little. Consumption spending is reasonably steady throughout the profiled years, as
is the decline in wealth.

The other two simulations contain the possibility of a health loss due to a
shock. When presented with this uncertainty, we expect an individual to behave
quite differently than in the ‘certainty’ situation by exhibiting some precautionary
behavior. This precautionary behavior can take the form of extra investments in
health andror of additional savings to accumulate wealth. Investing in health as a
precaution has several positive features. It reduces the probability of a shock in the
future and it provides a cushion against the effects of a health shock. The extra
health also increases utility to the individual. A precautionary accumulation of
wealth enables more savings to be available for medical care after a shock, when
medical care is more productive. However, increasing savings implies a reduction
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Fig. 1. Three basic simulations for s s0.9.

in utility from the foregone current consumption or expenditure on medical care
that would have added to the stock of next period’s health. 7

The solid lines in Fig. 1 are values from the third simulation, run with the
potential of a large negative health shock, e sy2, in each time period. Theytq1

indicate that the individual makes large investments in medical care during the
early periods and builds hisrher stock of health because of the potential of having
a shock. In the periods of high medical expenditures, consumption spending is
lower than in the ‘certainty’ case. As time passes and health shocks do not occur,

7 In the life-cycle literature, researchers explain, in part, the slow rate of dissaving by the elderly as
precautionary behavior against a health shock. We show that when individuals are allowed to spend
income on preventive care, this precautionary saving effect will be smaller.
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Fig. 2. FSD and SSD effects for s s0.9.

the individual’s medical care expenditures continue to fall and hisrher consump-
tion spending rises. The dotted lines in Fig. 1 show results from the second
simulation, in which the health shock could take on the values of 0 or y1. The

Ž .spending patterns on medical and consumption are the same as in the e 0, y2
simulation, but the effects of uncertainty are smaller. 8

To assess the effect of shifts of uncertainty on the accumulation of health
capital and wealth, in Section 4.3 we compare the time paths from these basic
simulations.

4.3. Responses to FSD and SSD shifts of uncertainty

The two graphs in Fig. 2 demonstrate the effects on the individual’s wealth and
health capital accumulation of the FSD and the SSD shifts. Two lines on each
graph, the solid line and the dashed line, are caused by FSD shifts. The solid lines

Ž .display the difference between the time paths of H and of W from the e 0, y2t t

and the ‘certainty’ simulations. The dashed lines show the distance between the
Ž .e 0, y1 and the ‘certainty’ simulation time paths. In both cases the FSD shift of

uncertainty causes the individual to purchase medical care and build health capital.
The purchase of additional medical care is more pronounced in the earlier time

8 ŽA comparison of time paths for individuals with different initial levels of wealth and medium
.initial health reveals that consumption and medical care are normal goods. Simulations with different

Ž .levels of initial health and medium initial wealth show decreasing absolute risk aversion to potential
health shocks. An individual who already has poor health foregoes a greater amount of consumption
and purchases more medical care than does a person in excellent health.
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periods due to the higher returns to investments in health. The effect on the
individual’s wealth accumulation, however, can be positive or negative. Hisrher
reduction in consumption spending during the early time periods may more than
offset the large medical care expenditures and create positive wealth accumulation.
It is also possible, as is shown in the ‘Differences in Wealth’ graph, that the
individual’s foregone consumption is less than the additional medical care spend-
ing, and that wealth is reduced in the early time periods by the FSD shifts of
uncertainty.

ŽThe dotted lines in Fig. 2 are the differences in the time paths between the e 0,
. Ž .y2 and the e 0, y1 simulated results; they reveal the pattern of the precaution-

ary behavior from an SSD shift of uncertainty. Precautionary behavior caused by
an FSD shift responds to both the decrease in the expected value of health and its
increase in variance. This SSD shift is a mean-preserving spread, so that the

Žindividual’s precautionary behavior is only due to the greater variance of the e 0,
.y2 distribution. A risk averse individual will react to this extra variation by

engaging in additional precautionary behavior. In this instance the individual
responds to the SSD shift of uncertainty by purchasing more medical care to
increase hisrher health. The reduction in consumption more than offsets these
medical care expenditures and adds a small amount of extra wealth.

From the information in Fig. 2, we see that an increase in health uncertainty in
the form of either an FSD or an SSD shift will imply a positive accumulation of
health capital, especially during early time periods. The effect on wealth is much
smaller in this example and its sign is undetermined. Therefore, when an individ-

Ž .ual considers the spread of a new disease an FSD shift or the possibility of a
disease with an equal expected health loss but greater potential reduction of health
Ž .an SSD shift , sherhe will purchase more medical care, even without contracting
a disease. This effect will be stronger the longer is the individual’s life expectancy.

Although an individual with an increasing utility function will exhibit precau-
tionary behavior when facing an FSD shift of uncertainty, only risk averse

Žindividuals display precautionary behavior from a mean-preserving spread our
.SSD shift . In Section 4.4 we explore the sensitivity of precautionary behavior to

an individual’s degree of risk aversion.

4.4. Risk aÕersion and the effect of uncertainty

Consider three individuals, identical except for their degrees of risk aversion,
Ž .facing the SSD shift of uncertainty from Section 4.3, moving from the e 0, y1 to

Ž .the e 0, y2 probability distribution of a shock. We expect each individual will
respond with additional precautionary behavior. The amount of extra precautionary
behavior should be correlated with the individual’s level of risk aversion.

Fig. 3 contains the simulation results that we will use to calculate the effect of
an SSD shift of uncertainty on the stock of health and wealth for these three
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Fig. 3. Three degrees of risk aversion.

individuals. The starting values are again H sW s6. The top two graphs reflect1 1
Ž .behavior when the individuals are subject to the e 0,y1 distribution and the

Ž .second row of graphs when they face the e 0,y2 distribution of health shocks.
The right diagrams show that the individual’s precautionary accumulation of
health capital is positively correlated with hisrher degree of risk aversion for each
of the distributions of the health shock. The left two diagrams, however, reveal the
absence of a monotonic relationship between the accumulation of wealth and risk
aversion.

Ž .As in Section 4.3, a change in decision-making from the e 0,y1 distribution
Ž .to the e 0,y2 distribution comprises a mean-preserving spread. The change in

behavior due to this SSD shift of uncertainty for each of the three individuals can
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Fig. 4. Effects of risk aversion on SSD shifts.

be calculated by subtracting the time paths in the first row of graphs from those in
the second row. The result of the subtraction is Fig. 4.

An individual’s precautionary response to the SSD shift could take a variety of
forms. For example, the most risk averse individual may increase hisrher pur-
chases of medical care more than those with less risk aversion and may build up
an even larger increment of wealth during the early time periods. Alternatively, the
highly risk averse person may already be spending such a high proportion of
hisrher wealth on medical care due to the initial uncertainty that the SSD shift
will only cause a small addition to medical care expenditures. A less risk averse
person, who was not spending as much on medical care initially, may be able to
afford a larger increase in medical care expenditures in response to the additional
uncertainty. 9

In Fig. 4 our very risk averse individual builds hisrher stock of health by
reducing wealth to pay the large medical expenditures. The other two individuals
react to the extra uncertainty by making modest increases in their wealth and
health; the least risk averse individual adds a smaller amount of each.

From Figs. 3 and 4 we see that greater risk aversion causes extra precautionary
behavior in an uncertain environment even when a health shock does not occur.
Increases in medical care expenditures due to the SSD shift of uncertainty are
directly related to the degree of risk aversion. The accumulation of wealth as a
precautionary behavior can be positively or negatively related to risk aversion. The
negative effect on wealth accumulation occurs when the desire for extra health is

9 Although not shown in the graphs in this paper, we find this behavior for individuals with low
initial values of health and wealth.
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so strong that medical expenditures are financed by both foregoing consumption
and reducing savings.

5. Conclusion

In this paper we examine the effect of uncertainty of a shock to the stock of
health during a person’s retirement years. We derive time paths of consumption,
medical care expenditures, health capital and wealth by solving a dynamic
household production model by numerical simulation. In doing so we expand the
ability to describe the effect of uncertainty on the demand for medical care from a
signed, or an unsigned, term in a comparative static solution to a pattern of
precautionary behavior based on a series of optimizing decisions. These patterns
allow us to better understand the interactions between an individual’s spending on
medical care and consumption and hisrher decision to accumulate health capital
andror wealth.

Confronted by uncertainty, elderly individuals will exhibit precautionary behav-
ior to smooth their expected utility across time periods. The pattern of precaution-
ary behavior will take the form of additional medical care expenditures and
reduced consumption in the early time periods. The stock of health capital will
always increase with increments in uncertainty. The effect is greater, the longer
the person’s life expectancy. The effect of uncertainty on savings can be positive

Ž .or negative. Savings will be positive negative when the amount of foregone
Ž .consumption is greater less than the additional medical care expenditures. The

increments to the stock of health are correlated with the individual’s degree of
relative risk aversion because a more risk averse individual experiences a greater
reduction in hisrher expected utility due to a given increase in uncertainty.

The model developed in this paper can also be helpful in analyzing other
healthcare topics. For example, we could use this model to study the demand for
medical care in an uncertain environment, obtaining comparative dynamics from
parameter changes and deriving testable hypotheses. Alternatively, we could
modify our health production function to examine the trade-off between preventive
and curative care. The objective would be to extend the work of Grossman and

Ž .Rand 1974 , who investigate this trade-off in a model that, similar to that in this
paper, allows the marginal product of medical care to increase with the degree of
illness. Preventive care would lower the probability of a health loss, as Grossman
and Rand suggest, and all decision-making would be in an uncertain environment.
Finally, in the life-cycle consumption literature it is common to compare the
simulated patterns of savings with actual data. We could also use the model to
compare simulated patterns of precautionary behavior with sample data. To do
this, we would need data over time on savings and detailed information about
medical care expenditures and health status.
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