Chapter 3

Demand for healthcare

3.1 Introduction

As we have already seen in chapter 1, to most bkafthcare means visiting our family
doctor and taking medications, going for medicabaiostic tests like blood-work or a
magnetic resonance imaging (MRI) session, and awirtheck into the hospital for a
minor procedure or a serious operation. These caems of healthcare require the
efforts of doctors, nurses, various technologists all other inputs required to operate
the family doctor’s practice, the hospital and dignostic clinic. Briefly, healthcare
includes services supplied by the medical professipin other words, the medical care.
However, healthcare also includes health-enharastigities, from exercise and vitamin
intake to good sleep to eating well. These setfated activities may also need market
services such as a gym and goods such as a go@hbdrkalthy food. Thus, as
healthcare requires the purchase of various goudiservices, economic analysis
classifies the purchasing need as demand for lvaadth

The demand for healthcare does not originate fromifive preferences but, rather, it is
a demand derived from the more primitive demandéalth. However, it also differs
from most inputs in production where the outpiatleo a flow. Individuals directly
demand healthastock variable or the level of one’s health at a givesrment in time,
whereas the demand for healthcarefiewa or a certain amount of healthcare over a
given time period. The healthcare demand is ratimeitar to a worker's demand for
human capital where training, education and onjdhdearning are all flow inputs
combined with one’s time and effort to produce haroapital. Similarly, human capital
enhances the individual's earning potential by biogsone’s wages or salaries whereas
the health stock increases one’s healthy time abiailfor work and leisure. Taken in the
long run context, sustained periods of health pasyt affect the individual’'s earnings
both in terms of wages and his ability to work. \Whthe health stock and human capital
differ is the direct demand for health stock. Whileman capital may not be a
prerequisite for leisure activities, health stoekessarily is.

Since being healthy is a desired state by indivgluader all circumstances, work or
leisure, such a desire generates the first reasahdé demand for health stock. The
second reason is that, normally, individuals hawedrk for a living and work is better
performed if the individual in question is healtfiyrerefore, the first reason is health
stock as consumption good whereas the secondiasestment good

Healthcare, as a produced good, exhibits the fatigyroperties. First, as discussed
above, healthcare demand is a derived demantigiadth is demanded and healthcare is

! Or the flow of daily good health as is modele@imssman [1972, 2000].
2 See Grossman [2000] for a technical analysisesfatiwo distinct cases.
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demanded because it produces health. Second, iephtduced by using various inputs,
one of them being healthcare in the larger senderaadical care in the narrow. Finally,
the replenishment of the health stock introducdgreamic relationship between the
health stock and healthcare. The combination otthesre and other health inputs
produces the health investment. The individualsltheprofile over time can then be
represented assdock adjustmentmodel where the stock of health varies for theebpet
the individual positively contributes to his heatdtver a given period whereas reckless
behaviour lowers the stock. This relationship betwene’s stock of health and the flow
of health investment yields a simplified versiortlod health stock model of healthcare
demand originally developed by Grossman [1972]rdpbic summary of the model is
given in figure 3.1 below.

Individuals consume various goods and serviceaupghasing them and allocating their
valuable time to consume them. Going to the moagewell as jogging involve
substantial amounts of leisure time as well astpsed inputs like movie tickets,
transport, and running shoes. The model lumps gaols and services into home goods
represented by B and health investment goodsB®ysl.consumed by combining one’s
time Tg with the purchased inputs X and | by combiningetimwith inputs M. The
consumption of goods exhibits properties of promuctunctions in that the time and
purchased inputs are combined to yield the consompEhe two production functions in
the simple model are B(XgIE) and I(M,T;;E) where E denotes environmental variables,
such as noise and pollution that would, respedctj\sgoil the production of home goods
B and health investment I. At the centre of fig8re lies the link between health
investments and the state of one’s health. Thetigatlg programmed erosion of human
health over time is representedd, i.e. humans lose a varying fraction of theirltiea
stock H over a given period of time. However, healvestment | contributes to the
stock. Therefore, the sum 6H yields the rate of change of the health stocle h&alth
stock is not only good in itself. The healthier gerson, the more healthy time is
available either for work or for leisurely actie@s B and I, the latter being the critical
contributor to health stock.Ican thus be split between work timg @nd the time
allocated to the consumption of home goods andhealestment, respectivelysand

T,. We note that [, generates the income used to purchase inputs Xlakthally, since
individuals value their consumption of goods andises B as well as their state of
health H, they allocate their resources betweendlaowards B because it yields

utility, towards | because it contributes to thalkie stock. Now that the Grossman model
has been intuitively introduced, the purchasedtmplican be interpreted loosely as
healthcare.
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Figure 3.1 Health stock model of healthcare demand schemteainmarized

However, an important distinction must be drawneeth medical care and the more
comprehensive concept of healthcare. Often usedcimingeably, both are gross
investments into one’s health. Medical care iscihiéection of health-restoring, health-
preserving and health-enhancing services provigeapblied medicine. As such,
medical care consists of the available medicalrteldgy, running typically from
symptoms to diagnosis to treatments, but also thietypreventive technologies. Thus it
can be preventiVeor curative. Healthcare, however, beyond mediag involve layers
of individual choices over work, consumption anduee. For example, choices of
workplace, vocation, work tempo, consumption ofitgeafood and the allocation of

% Contrary to popular belief prevention is not unifity less costly and less invasive than treatment
(Laupacis [1996], Marshall [1996]).
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leisure time to health investment all fall into thealthcare category without being
medical interventions. Moreover, these choices terizte overwhelmingly preventive
rather than the mostly curative modern medicineisTwhereas all choices enhancing
one’s health constitute healthcare, a subset wicg= mostly provided by medicine
constitute the medical care.

The second section of this chapter will progredgidevelop the health stock model of
demand for healthcare. As summarized in figure tBd model internalizes the ability of
individuals to choose their health profile as vesllithe inherent dynamics of one’s health
stock. The section will thus examine individualg2ferences for health as well as their
allocations of time and money towards healthy #@ctiv and medical care in order to
derive their demand for healthcare and medical @dre third section considers
examples. The effects of non-monetary and monéatgrs on the demand for
healthcare will be examined. For instance, theaesg of healthcare demand to changing
preferences and rising wages will be analyzed.fdtgh section traces the effects of
user fees, a demand management tool. The conctusemtion reemphasizes the
fundamentals covered in the chapter and proviadés lio the demand for healthcare
insurance covered in chapter four. .

3.2 The health stock model of healthcare
Individual’'s preferences

When individuals enjoy various goods and servittés,enjoyment is normally translated
into a demand to purchase and consume. Howevertiioyment is stronger, the better
the individual's health. Technically speaking, dewhsfor goods and services are health-
state dependent. Thus, there exists some complaritgitetween an individual’s state

of health and her consumption of goods and sertimesigh this state-dependency. This
complementarity relationship does strongly sugtiesthealth, in itself, is desirable and,
hence, individuals would be prepared to allocateueces to enhance health.

Yet, there definitely exists some substitutabiigtween health and consumption through
tradeoffs between health-enhancing goods vs. gtefer instance, over-exertion and
stress in pursuit of higher income frequently appedahe expense of health or, simply, as
lower levels of health investment. This substitiigtmay involve both dimensions of
health, as purely a consumption good as well assimrent into income-generating health
capital. For expositional purposes, we will hendadfoefer to health as a consumption
good entering an individual’s utility function algside other goods and services without
conditioning individuals’ utility functions by hethl status.

Thus, an individual’s utility function U(B,H) is @ieed over ordinary goods and services
B (henceforth home-goods, consistent with Grossih@n2] terminology) and health*H
with utility increasing in both B and H and thelititifunction yielding convex towards

*We'll simplify the Grossman [1972] notation thaters health stock services, rather than the hettik
itself, into the utility function.
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the origin indifference curves representing dinhimg marginal rate of substitution
between B and H. Referring back to figure 3.1, tradeoff represents individuals’
preferences both current and intertemporal. Cuyresmjoying a certain level of income,
individuals can choose to marginally sacrifice tealvestment goods (e.g. less sleep
causing short-term drop in alertness) for an irsgea home-goods. However, this is not
the full opportunity cost of the increase in hone®ds because current lower investment
in health would induce a long-term drop in the tteatock with the reduced healthy time
consequence. The present discounted value of theeed healthy time decrease in the
future combined with the current loss of healthstitate the opportunity cost of an
increase in home-goods consumption. Since indiV&dihais decide over intertemporal
allocations, the modeling must intrinsically besit¢mporal.

The dynamics (or the time profile) of the healthc&trequires that the single-period
individual utility function U(B,H) be modified sosao reflect individuals’ intertemporal
tradeoffs and their discounting of future utilitidsvo other intertemporal channels, in the
general optimization problem, beyond individualaluation of the future are the
depreciation of the health stock and the possjilittountering such ultimately
inevitable depreciation through health investmeaesalth as stock can be accumulated
or rather decumulated over time and health as enpsan good can be consumed at
different points in time; individuals characterstily take account of their future health
for both these reasons. Health as consumption tfeodnecessitates all future
consumptions be taken into account and healthvasiment good generates healthy time
required for work and hence income. The individsiifetime utility can then be

modeled as the present discounted value of futiiliges® (as the continuous version of
Ried [1998])

J.OT e U (B,H)dt (3.1)

where t is the instantaneous time unit (or the nmrnretime),0 is the time discount rate,
e the discount factor (or, simply, the individuasisbjective weight attached to every
moment in the future) and T the individual's resitlife expectancy. The utility function
U(B,H) in equation 3.1 must be interpreted as tistaintaneous utility of the individual
and the whole expression then is the weighted duutilties over the residual lifetime.
The weights decline over time, signifying that tpdaenjoyment is more valuable than in
a future period. Hence, the individual's choiceofrent levels of consumption and
health investment are, therefore, not independitedr future expected values. For
instance, a lower health investment today may eseecurrent consumption without
lowering current health but its opportunity cosaifall in the future stream of health
stock in turn lowering not only the future consumptbut also the individual’s future
earning capacity and hence his future consumpiibase tradeoffs are moderated by the
discount weights® that assign higher utility weights to today’s hleand consumption.
Thus, the maximand in equation 3.1 is fairly stndiigrward except for the time horizon
T. There are two issues regarding T. The firsthether there is an optimal length of

® The health as consumption good in Grossman [18#8pdeled as flow of services from stock.
® Grossman [1972, 2000] uses a discrete time framefwo the individual lifetime problem.
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horizon. For example, euthanasia is an endogertmisecof end-of-life whereas a
terminal illness is a relatively randomly-timed greoous end to life. Most individuals
choose their health investments considering a Nasmaverage residual life expectancy.
This optimality question links the time profile thie depreciation rate to the individual’s
willingness to invest in health so as to aim aealth stock perhaps well above the
survival minimum beyond a certain advanced agearAdtively, de-investment in the
form of harmful addictions or negligence today hdbe health depreciation rate (Becker
& Murphy [1988]). The second issue related to realdife expectancy T involves a
modeling technicality. Whereas the time profildlod depreciation rate is not
deterministic in so far as we scientifically knalve question remains as to whether it
should be analyzed as such as. A random evolufitreadepreciation rate would add
considerable modeling complexity yet, with advanoegenetics, some of sources of
randomness are becoming predictable. We will retinithe discussion of the
depreciation rate below in the section entitledIthestock profile and health investment.

Allocation of time and income

Every individual is endowed with the same amourttroé T, regardless of the unit of
time chosen for analysis. Though, for the sakesalism,  must be long enough to
allow days of morbidity as, typically, days candbaracterized as healthy or unhealthy.
A longer period chosen would then yield meaningktiods of iliness versus wellbeing.
The total time endowment will now be broken dowto inomponents as

To=T +Ty +(Tz +T)) (3.2)

where T_ is the ill days time, I the work time, & the time allocated to produce the
home good B and the time HBllocated to produce the health investment godtié

home good B can be produced by a combinations@mnid of market-purchased inputs X
thus obeying the production function

B=B(X,T;;E). (3.3)
Similarly, for health investment I, the productifumction is given as
| =1(M,T,;E) (3.4

where M is the set of market-purchased inputsugtiiolg medical care. In both equations
3.3 and 3.4, E represents the exogenous factolnsasuthe individual’s genetic
inheritance and environmental context. As suchngha in any component of E will
induce shifts in the production function. For exdmor the same input levels, the
guantity of health investment produced will be lowean unhealthy environment, e.g. a
polluted environment, than in a healthy one. Bathdpction functions should normally
exhibit decreasing returns to scale. Although gasiderstandable for home-goods,
decreasing returns to scale in the production afthéenvestment must be related to the
human body’s capacity to absorb one’s health-enhgractivities. For instance, while
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moderate to medium levels of exercise go a long wedium to high levels of exercise

do not enhance the health stock as much. The cetoveards-the-origin shape of the
production possibility frontier (PPF) in figure 4(@asily follows from the decreasing
returns to scale property of the production funetiorhe shape of the PPF corresponds to
the increasing opportunity cost for either the hajoneds or the health-investment.

Individuals face time and income constraints. Tilmetconstraint was introduced above
in equation 3.2 whereas the income constraintwisrgby

WTw = pMM + pxX (35)

where w, i and [x are, respectively, the wage rate, the price ofiocadare (or health-
enhancing goods at large) and the price of othedg@nd services. The constraint means
that the individual cannot spend more than herezhincome wijy on purchased inputs

M and X. The two constraints are not independerdt,RKime and income allocated to
healthy activities may reduce time lost to illnassl boost time available for work.
Moreover, in the longer term, it may enhance praglitg through improvements in

health stock and thus increase wages. Finally,enhiill be ignored here, the
intertemporal planning of time and income allocasgi@llows further interactions

between the two constraints over time.

Individuals strive to allocate their income anddinesources efficiently between the
production of these health-enhancing and other ggasgresented in figure 3.2 below.
The rectangular box, representing the time and mosources given a distribution of
one’s time between work (hence money income) asdre, is called the Edgeworth
box. This box shows the feasible distribution afaerces towards the production of B
and |. Times allocated to production plus and tathecated to work for income add up to
Tw, healthy time available. And the time allocateavtwk yields the total income
available to purchase the two inputs M and X anywiie the box. Moreover, to simplify
the exposition, the input prices are normalizedriy (i.e. g1 = px = 1) by adjusting the
units of M and X. This simplification allows us itentify every quantity M or X with the
expenditure on that input. Furthermore, whereastitizontal dimension of the
Edgeworth box being the total leisure time ¥ Tg + T, the vertical dimension is equal
to the total expenditure on those inputs. Concjsahgry point in the box is an allocation
of time and money. Of course, one the ultimate ahje being efficient production
levels for B and I, inefficient input allocationaust be ruled out.

One such inefficient allocation is the bundle’(M") in figure 3.2 below. Given this
bundle, the individual can produce’(B) as given by the isoquants passing through the
bundle. However, since marginal rates of substitust the bundle are not equal, a
reallocation of more time but less money to B poiaun along the broken arrow induces
higher levels of both B and . In fact, the bun(Ne,T,") allows the production otf" >

1° whereas at the same bundle, %) allows B"®" > B% The initial bundle as well as
the final bundle are feasible and use all the atakel inputs, except that the
{(M",T)),(X",Tg ")} bundle allows a higher production level of baiods. We note that,
at this latter bundle, the isoquants®' and I°" are tangent, i.e. the marginal rates of
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technical substitution are equal. In other wordgy, @eparture from this bundle will lead
to a decrease in one output or the other alondidgonal curve (or possibly both if one
moves off the curve) whereas from {{M,%),(X°, Ts%)} to {(M ", T)),(X ., T )} both

outputs increased. We conclude that {(M),(X",Tg)} is an efficient bundle. In fact, all
bundles along the diagonal curve are efficientsThagonal curve in the Edgeworth box
is then called theontract curve and it consists of those input bundles that dreieft.

1=0 x4
(9°,1°), 0, Te%)} T \
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”"” ‘/: /I
MERY HIGH __;~ g
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Figure 3.2 Efficient choices of B-I production
8

PDF Created with deskPDF PDF Writer - Trial

.. http://lwww.docudesk.com



Intuitively, at any allocation off the contract wet such as {(MT,%),(X° Tg)}, a
reallocation of time from the production of, saytdB requires a smaller increase in X to
preserve the B production than the release of ptéserve the | production. Thence,
either B or | can be increased without the othéndpdecreased or, as we saw above,
both can be increased along the broken arrow.mbige is &Pareto improvement i.e.
more of each output can be produced with the sataéresources but by redistributing
them. Thus, the individual would never choose adlrinff the contract curve. Note that
movements along the contract curve aren’t Pareframing because an increase in one
comes at the expense of decreasing the other.dhks their relative evaluation depends
on the individual's preferences over (B,l) bundles.

An example can illustrate the efficiency along tleatract curve. Suppose | is an
individual’s fithess activity in a gym and B a homatertainment activity like hosting
friends. Let the initial bundle off the contractrea be {(M’,T,%),(X° T:%}. Given

(M2 T,9) this individual reache$ E I(M°T,%, a sufficient level of fitness. We note that if
she spends less time in the gym by reducinghile purchasing the services of a
personal fithess advisor by increasing M, she caegave the same fitness level if the
substitution time for money towards B is realizéshg the isoquanf] The individual
then reaches the bundle where the two isoquaffitd'B'°" and P are tangent along the
contract curve. The significant increase in B desifrom input substitutions. Along |
little increase in money is required to compendatzreases in time because the
individual is already spending too much time in @lyen. Yet, the production of B steeply
increases with time rather than money becaus& af{°), an extra unit of time is very
valuable. Overall then, the individual realizestttze is spending too much time rather
than guidance in the gym and rectifies the situdhp releasing time towards the home-
good that dearly requires more time. The final Beryields as much fitnes8as before
but much more in B at 87" """ surely a Pareto improvement.

A remark concerning the size of the Edgeworth Isoxaw in order. Since individuals are
endowed with T, = (To - T.) of healthy time, they can allocate it betweenkumane Ty

and leisure time (g = Tg + T,. This time allocation problem will be further sted in the
following section as well as in Appendix A as a rament along the contract curve may
have second-round effects. A change in prefereinceging, say, an increase in I, will
induce not only a first-round change in the bur{8l¢) but, also, via the effect of | on the
health stock H and subsequently an And, of course, if the health stock increases, so
do the healthy time and the dimensions of the Edgéwoox.

Health stock profile and health investment

Humans, like all living beings, have a genericdyfele. In the absence of major ilinesses
and medical interventions, we are born, get hesldmd stronger to our mid-twenties
and then decline towards the natural death thrauggt loss of various cells in our
bodies. Where healthcare essentially intervened&n iliness sets in or when our health
stock can be improved with the consequential retayd of cell death. In technical terms,
human health stock typically accumulates at firgt decumulates later, with the eventual
demise of the body. This health stock profile ighex completely exogenous, nor
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completely endogenous. The function of health itnaest as introduced above is to
boost this profile and, assumed away in the moddéuconsideration, is the effect of the
individual’s activities on the depreciation rat€his latter effect can lower the rate or
retard its inevitable increase.

In order to understand the basics of healthcareaddnwe would be justified in
significantly simplifying the framework used. Thiise health stock profile can be
represented by the following equation of motiortha&f health stock H over time

iR 3.5)

Equation 3.5 yields the time rate of change ofthestbck or the net investment as the
difference between the gross investment in heatitks|, and the total stock
depreciatiorbH whereg, a fraction, denotes the current rate of stockelgption. The

rate of depreciation of the health stock is nottindependent, being typically low early
in life and getting larger later. Three observagioms are in order. First, biological
reality makes it so that, towards the end of life,matter how high investments may have
been, the health stock will eventually fall belowhaeshold level signifying death. Thus,
when the gross investment | required for preventiagative net investment becomes
prohibitively costly or simply impossible, the inttiual starts approaching the end of
life. Second, though the depreciation r@is fundamentally determined by genetic
makeup, it will also be influenced by cumulativeahle investments and the environment
in which the individual in question lives. Finaltymay even be negative early in life as
the person becomes stronger, acquires immunitessagnificantly, learns to produce
health investment more efficiently.

The solution to equation 3.5, as part of the irdlial’s overall problem set up below in
equation 3.7 and explained in Appendix B, yields lilealth stock profile. This trajectory
starts at birth with an initial health stock foparticular individual, typically rises over
time towards mid-twenties, more or less followdatgau till late middle ages, then starts
a steady decline and, finally, takes a tumbleilatéde. Of course, various relatively
random events, from catastrophic illnesses andlants, may cut one’s life short.
Throughout individual’s life, the health stock ietmajor determinant of morbidity as
represented by ill time Tand, hence, time available for worlg.TA higher health stock
translates into a longer healthy timgtfirough a healthy time production function
Tw=T(H) . Not only is there an upper limit to onéisie available but also health stock
improvements exhibit diminishing returns in thatrimases in the health stock reduce
morbidity slower or, on other words, increase Hsalime slower. This relationship is
illustrated in figure 3.3 below.

" Chang [1996].
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Figure 3.3 Healthy days production function

Figure 3.3, by linking the health stock and heattime, does in fact link the income and
time constraints because a higher health stockesabe to earn more and relax the
income constraint. Moreoverni in the diagram is the end of life threshold altiiou
one’s health could deteriorate as a result of t@ajalsic illness or accident and not just
old age.

Now, in order to concentrate on the fundamentaladitiduals’ decisions concerning
health, we will restrict our attention to snapshuiteeality called steady states where a
given health stock prevails. This simplifies thg@esition and allows the use of simple
diagrams. Every snapshot corresponds to a partistdady state where, given a steady
rate of depreciation, health stock is momentawigstant, that is dH/dt = 18H = 0 or,
simply, 1 =8H. This is a reasonable approximation to realityhiat, barring random
occurrences of serious illness, most individualgiking lives are characterized by
steady yet diverse levels of health. As healthstwent is kept equal to total health
depreciation, the derivation of the demand for tirealre can be graphically derived.
(Appendix B presents the simplified but still dyrniarhealth stock model.)

Since health investment equals the health stodagcemen®H, the health stock variable
H can simply be replaced by lih the individual maximand U(B,H). As a resultyan
exogenous changes, from prices to tastes, will lsimgduce changes in health
investment | and H instantaneously to a new lev&kiad of H adjusting over time. Since
the intertemporality of the problem is thus suppees the individual’s current
preferences can then be represented by

11
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V(B,1)=U(B,1/J). (3.6)

The individual enjoys increasing utilities from hay levels of home-goods and health
investment given that health investment boostshetbck, this latter being the
ultimately desired consumption and investment goodhe individual. The indifference
curves generated by V(B,I) are illustrated beloviigares 3.4(b) and 3.5(b).

This simplification is, just to reiterate, used é&xpositional purposes only. However, the
constancy of the health stock in the absence odmi&yesses is not far from reality. As
exemplified by the difficulties of lowering one’sarght or cholesterol levels over short
periods of time, this constancy constitutes ayarhlistic approximation over the short
term. Moreover, high levels of investment may prowfeasible simply due to the time
constraint and the limitation induced by incomen@ay potential. On the other hand, de-
investment in health is clearly feasible and seftdiction can bring the health stock
down fairly easily not only in individual cases la$o at community level as recently
exemplified in 1990s’ turmoil in Russia. Within e years, Russian life expectancy fell
by about six years due to deterioration in diet @pelsity, to increased addiction to
alcohol and harmful substances and stress as svallack of medical care (Brainerd
[2005]). What happened in Russia can be easilynpoitcontext with the help of equation
3.5 above. Falling incomes did not allow Russianistest in health as current
consumption needs took precedence. Moreover, thiéhhdepreciation rate increased,
even in such a short term, as a result of dreaditibl and economic circumstances.
Thus, both | falling and rising, the health stock took a tumble, loweriifig &€xpectancy
drastically.

Before we look at the full problem of the individitas worth noting that another
simplification is the dropping of the possibilityiatertemporal income transfers keeping
with our earlier simplification of the dynamicstbe problem. Individuals can and do, in
general, save and borrow with an eye to the ulgneaening out of their marginal
utilities over time (see Grossman [1972, 2000]dR#998]). Just like in simple
consumption problems where the consumer reallotésemarginal dollar from a lower
utility generating consumption to a higher one |lthe@are would require reallocation of
that dollar from a healthy state where the retaow to an unhealthy state where the
extra dollar would generate a high utility retugndmabling purchase of healthcare.
Similarly, one might want to transfer the extraldofrom his youth when illness is
unlikely to occur to old age when it is more likelhis intertemporal behaviour
corresponds to a lifetime utility maximization owarious goods and services. The
simple and most pervasive examples being a housgage, retirement savings and
health insurance, though this latter is not onlgiast old age ailments but also for
income-smoothing against lumpy and unexpected ezakt expenses for random and
serious ilinesses.

Given the steady-state assumption simplifying équ&a.5 and hence the individual’s
maximand as in equation 3.6, the individual’s huk now static problem of utility
maximization can be written as follows

12
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max  V(B,I)

{X,I\/I,TB,T|}
s.t. B = B(X,Ts;E) (3.7)
I =1(M,T;;E)
To=TL+Tw+ T
W= puM + pxX
LE=Teg+ T

The first two constraints are the production fumesi for home-goods and health
investment. The inputs for the production functidres time and purchased goods or
money, have to satisfy the availability constraitite first being the overall time
constraint and the second the budget constraimlllj the last constraint limits the time
available for the production of B and | to the lgestime, after subtracting the ill and
work times from total time available to the indival. The variable E in the production
functions acts as a shift variable, depending @arggenetic and environmental
backgrounds. The problem is illustrated in figuré Below.

Two remarks will relate this simplified versiontbe model to the original. First, as
health stock is kept constant, time ill iE also constant. As a result, healthy timgisT
given. When the individual allocates it between kvand other activities, it suffices to
choose § + T, in order to determine work time or vice versa.

Second, complementing the first remark, the opmatticost of time spent in the
production of B or | must be equal to the wage. fatdigure 3.4(a), the slopes of
isoquants are equal at {(M),(X",Tg )} therefore the last hour spent in either activity
worth an equal value. If, however, the opportucitgt of time spentin B (or, equally, in
) in terms of purchased goods exceeded the wagethe individual would work less
and consume more. From figure 3.4(a), the margatab of substitution in production
are equalized and the value of marginal time sjpeleisure activities is equal to
consumption goods sacrificed at the margin. Thiggmal willingness to pay is then
equal to the wage rate, as seen in figure 3.4(eyevthe indifference curves shown are
induced preferences, i.e. they are derived from,N(Bince individuals choose efficient
combinations (B,l), any bundle chosen necessitatesresponding bundle of leisure
time and income. A corresponding apportionmenhefdvailable healthy time would
yield this latter bundle of leisure time and income

Figure 3.4(a) below illustrates the efficient protlon choices made by the individual.
Given the availability of time (E = Tg' + T, (from panel (c)) the individual splits it
between the productions of B and | (from panelsfa) (b)), combining the time inputs
with the allocation of available income wTto purchase, respectively, the inputsaxd

M* into the two lines of production. Panel (b) elxit$ the production possibilities
boundary (PPF) derived from the Edgeworth box ingbga). Given decreasing returns to
scale technologies in the productions of B antd,RPF is concave towards the origin.
The individual then picks the utility-maximizing ibdle (B,1) along the PPF. This

choice simultaneously determines first the heatiblsH and, secondly, the allocation of
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one’s time between workal and leisure T~ as well as the purchased inputsand X.
We note that, given the parameters of the modeishthe quantity demanded of
healthcare (medical care) if M is interpreted tdhkalthcare (medical care).

A simple comparative statics exercise will be ugedlustrate (see figure 3.5 below) the
functioning of choices in response to changesenrdividual’s environment. What
happens when, say, preferences change? Sincegmedsrare exogenously specified,
this initial change will first trigger a complexquess of reallocations. Time endowment
is the individual's fundamental resource in thatdiis a primary input into the
production of B and | as well as being the markietéddbour resource that enables one to
work and purchase X and M.

As shown in panel (b), the individual's marginakraf substitution in consumption (i.e.
her marginal willingness to pay for B in terms phas increased. This induces the lower
level of health investment &nd hence the lower health stock(Hot shown on the
diagram). However, from healthy days productiorction in figure 3.3, T, falls from

Tw' to Ty? thus inducing the smaller Edgeworth box as in paeWe note that this
Edgeworth box is smaller both in terms of time argenditures as the individual prefers
to reduce leisure time considerably front'Tto T_£” as well as work time slightly from
Tw' = T4 - T to Tw? = T% - T2k rather than, say, reducing work considerably and
leisure slightly in panel (c). Returning to pare, (ve also note that the individual's final
preferences reveal that she is indifferent betwieeroriginal bundle (BI) and the final
bundle (B,1%). However, if the PPF had not shrunk, the indigidzould have been better
off at his new bundIéB? 1%) with his new indifference curves than with the bichdle
(B4,1Y). This process of adjustment will later be usedséation 3.3 below) to analyze
exogenous (e.g. pollution) and endogenous (e.gctaia) harmful consumption
activities.

Here is an example to gain further insight inte @ljustment process. Considering our
mundane attitudes to emerging health informatioin recent experience with the Atkins
diet may be easily understood to illustrate thesSnoan model adjustments. The low-
carbohydrate Atkins diet, upon proving as an eiffecshort-term weight loss tool,
became a fad in the early part of this decadeHaut fizzled away as serious health
concerns with the diet ensued. Of course, whenligtdbecame popular, consumers were
not yet aware of the negative health consequeitesAtkins Company went bankrupt
in 2005. At the diet’'s heyday, food manufacturéseded the markets with low-
carbohydrate food items upon consumers’ incread@mgand following their change of
preferences relative to weight-loss products andaes. If we maintain the current
wisdom that the Atkins diet may, overall, be a eonption good B rather than a health
investment good |, the consumers’ initial shifthe Atkins diet may be seen as an
increase in their marginal willingness to pay toe diet in terms of health investment
goods forgone as in figure 3.5(b). However, theatigg effects of the diet would have
shrunk the PPF thus eventually yielding a leveltdity no higher than the original.

This section introduced the concept of health dermanded as a demand for input, an
input into the production of desirable health irte@nt goods. In fact, individuals
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demand consumption goods and health, this laterlz@ing demanded as it enables one
to earn income. We can therefore derive the heaéhdemand function from this same
framework by varying the price of healthcare.

Demand for healthcare

Demand for healthcare in the health stock modeémand for purchased inputs into
healthy activities, ranging from medical care tggimg® We will now derive the demand
curve for healthcare by simply defining M as hezdite. A fall in the price p of
healthcare, from@ to pu’, can be thought of triggering three rounds of et
changes. Firstly, holding all other variables canstthe fall in own price of M induces
the increase in demand fronk6 M™ in figure 3.6 below. In panel (a), neither the
leisure time Te° nor the resources allocated to the production b&a@e changed thus
(M™.T,™) is not a feasible choice. Thus, secondly, theasrtcome and time to be
expended on producing | have to come at leastgligrirom reductions in X andgl i.e.

at the expense of B. Thirdly, however, since thatiree price of M with respect to the
cost of leisure time is lower, there will be a dithson of T, for M hence reducing the
induced demand pressure on leisure time. This neavfork leisure choice could thus
go either way, i.e. more or less work, becauseatih leisure time has just become
relatively more expensive (compared to M), theeasing production of | demands more
of time input T despite being substituted by M.

Thus, the B-I frontier in figure 3.5(b) shifts uprdaexcept at B**) for a higher level of
| at the expense of less B all the while increasiregindividual’s utility. Consequently,
induced by the lower relative price of M, the deoh&or M will increase, though by less
than the initial M" and settle at M

Perhaps an anecdotic example would help. Suppesaittal impetus comes from
cheaper access to fitness clubs. This certainlgtswhe price of M and tends to boost
the demand for M towards 'Vl However, the generic individual needs more time t
combine a higher usage of M withyTSince healthy time{is fixed in the short run, the
extra time must cut intoglor Tw. Either case, the demand for M is moderated bigeuin
time resources or, in other words, by having to peta with other uses of healthy time
av_e}ilable. The demand for healthcare thus increfasesM° to M', a lower level than
M"™,

We note that this demand curve is a short-run pimemon. For instance, following the
price drop, healthcare demand increases. Sincthhagd is health-improving, the health
stock and, consequently, healthy time will increasen figure 3.7 below, partially

8 Feldman & Dowd [1993], Rice [1993].

We are still abstracting from health insurance DAsansky & Koc [2006] demonstrate, the presence of
health insurance renders even the free-at-the-péiservice medical care sensitive to price hence a
negatively-sloped demand curve. Since insuranaaiprmust reflect the cost of insurance coverage,
individuals respond by adjusting their coveragebschasing more or less depending on, respectively,
whether premia fall or rise.
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relaxing the constraint that ruled out an incréaskemand from Mto M™, Consistent
with the generic higher long-run price elasticttye long-run increase in quantity
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demanded will exceed MA difference not to be overlooked is the effefinereased
healthy time on the consumption of other goodduthing home-goods B. The increased
healthy time does act like an income effect in,that only it increases time available for
all leisure goods but also increases income availalb consumption overall through a
potential income increase. Thus, in the long rha,B-I frontier would fully shift out, i.e.
even beyond B in figure 3.5(b) above.

Another perspective on the consequences of anfitié price of healthcare is that
consumption, i.e. C =X + puM, now being cheaper, part of the savings will perg

on leisure time g = Tg + T; and, consequently, demand for healthcare is eggdotgo
up if healthcare is not an inferior good. Empirieaidence clearly shows that healthcare
is normal, at least a necessity at the individeaél and possibly a luxury good at the
community level’.

The price sensitivity of the demand for healthaarght to be negatively correlated with
the seriousness of the decision. For instancesidesi concerning serious medical
interventions are typically suggested by the phgsiagent and followed by patient-
principal approval. Even then, the price sensitiistsomewhat recovered due to the
intermediation by health insurartas, for serious interventions, insurance is
characteristically needed to cover high costs.

3.3 Health stock model in action

The example introduced above, that of fithess ¢labsentially illustrated the full
analysis of the case where a price change indughal adjustments in individual’s
choices both in the short as well as in the lomg Tthis section will introduce two further
examples, one on adjustments in response to a ehamgeferences and the other one in
response to environmental factors.

Tobacco use has been in the forefront of policgulisions for decades and recent
reductions in use in many countries (through regreas well as education and
information transmission) prove to be, at leastlpgpolicy successes. Other harmful and
addictive substances like narcotic drugs have@sapied the policy arena, not only for
their negative health effects, but also in relatmmdividual safety and national security
issues? Environmental factors, on the other hand, exfhitgtfundamental difference that
individuals have less choice in consuming thoseally external bads such as air
pollution, noise, tainted water and other contamis.aChoice to avoid negative
environmental factors is closely related to humapital as mobility is positively
correlated with income.

The analysis of the effects of consuming healthy @amhealthy goods can be
accomplished by reclassifying them as either input the home-goods production or as

19 European Commission [2006], Feldman & Dowd [19%a3tzen [2000], Olsen [1993], Rice [1993].
" Dusansky & Koc [2008].
12 Chaloupka & Wechsler [1997], Grossman & Chaloujile®98], Pacula [1998].
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positive or negative spillovers emanating from &ble E, the environmental factor, in
the health-investment production function. Thia isseful distinction from the market
goods, purchased and consumed by choice. On adalate, market goods like tobacco
(broccoli) produce two effects: First, the direttity generation and, second, the joint
product of health deterioration (improvement). Gesto the parameters related to such
products (e.g. their prices) induce a complex ddjaat process in the individual's
problem.

We consider an initial, exogenous change in thepommion of home-goods towards
unhealthy but still desirable goods such as ovesamption of alcohol or even food
itself leading to obesity with negative health &toacomes? This change may come as
a result of changes in preferences as in figurébBdbove. The initial impact through
negative spillover consists of a less efficientduction of health-investment goods in
that, with the same allocation of timgadnd expenditureyM, the production function
I(M, T ;E) shifts down or, in other words, for each conaltion of the inputs less health-
investment | is produced. In figure 3.5(c) abowealthy-time T thus falls from T* to
Tw? This induces a smaller Edgeworth box as in figubda). Individual’s preferences
determine whether one side or both will shrink lbesea Tz and Ty being under
downward pressure, with less healthy timg fhe individual may continue to produce
and consume the same or more of home-goods thkztting the health-investment good
to drop substantially. This change is illustratedigure 3.5(b) by the shrinkage of PPF
and the individual's reasonably strong preferetcesrds the home-good B whose
consumption does actually increase.

The above exercise illustrates that an exogendtis®@ivards addictive and harmful
substances results in a final decrease in heaitloving a chain of changes similar to
the derivation of demand for healthcare, the sasaltwould obtain as a result of a fall
in the price of a substance X used in the prodoaiwd consumption of the harmful
home-good B. The model thus predicts that, whemapde harmful but desirable
substances would induce, unsurprisingly, decreiadesalth stock.

We now consider the impact of a particular exogerenwironmental factor. As an
example, the effect of an increase in air pollufonexternal smoking) will now be
analyzed. As stated before, one way exogenousrfagtay impact decisions is through E
in the production functions of home-goods and healkestment. An increased level of,
say, ambient pollution will not only affect outdagports and recreational activities
negatively by reducing their health-improving etfedut may also prevent outdoor
leisure activities from family outings to shoppitnps. Assuming that health investment
is more severely affected, figure 3.8(a) showsstirenkage of the Edgeworth box, figure
3.8(b) emphasizes that while PPF shrinks, it sisrimkre for | than B, and figure 3.8(c)
shows that, as a result of decreased health ineastinealth stock and hence healthy
time fall. Despite the overall shrinkage of the RPkgure 3.8(b), the individual chooses
the significantly lower level of health investméhthile she preserves her consumption

3 Auld & Powell [2006], European Commission [200@]n8ler & Bergemann [2003].
4 Eisner et al. [1998].

21

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



A

T2

(a) Efficient reallocation of time and inputs (b) Utility maximized over

smaller indival PPF

A
C
CO
CY
ope = -w
T|_|51 TLEO THI THO TE) g

(c) Leisure-work reallocation of time

Figure 3.8Unhealthy exogenous change

22

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



of home goods at B= B°. Of course, this short-run adjustment may furtieeiuce
healthy time in the long run.

The analysis of an individual's healthcare decisimaking has so far been conducted
using the health stock model of healthcare dentdading thus understood the
individual’s demand behaviour, we will briefly agaé the effects of two well-known
demand management instruments used in public pmtipiementation.

3.4 Demand management

This section continues the theme healthcare demnaection by introducing policy
instruments used for demand management. Both essraind medical savings accounts
are such tools available to policymakers.

As reimbursement insurance reduces the price dfHoaae at the point of service below
its cost, individuals face incentives to overussetfees and medical savings accounts
are demand management mechanisms that can beeanskegrunder health insurance,
whether private or public. Both mechanisms canrmerstood within the health stock
model of healthcare demand without reference torarsce.

User fees

User fees are more widely usgthan medical savings accounts and they stand
somewhere between specific per unit taxes andanserdeductibles. They differ from
the first in that user fees are typically per eges general (but per drug purchased in
pharmacare) and from the second in that healthranse deductiblé&take many forms,
from per period of insurance contract to per sexwvihey are typically used for
moderating demand than a source of revenue, tmsuwdé moderation occurring through
a reduction in usé The demand-moderating effect of user fees is @edrabove in
section 3.3 on demand for healthcare.

Since user fees are resisted primarily for eqeiisons or being regressive td%es
policy-makers are hesitant to introduce them. Asfahealthcare demand is concerned,
introduction of user fees raises the price anderhand is price-sensitive, use will fall.
Two issues arise. First, the price-sensitivity peabis tightly related to the physician-
agency problem to be analyzed later. Intuitivelyc@an iliness episode starts, many
medical services are “suggested” by the bettemmnéal physician and typically approved
by the patient. Thus, use being less decided bpdkient than the physician, policies
ought to target physician behaviour rather tharptssive consumer. Thus, if demand is
basically decided by the doctor and the user fég affects the patient, the individual's

15 See Beck & Horne [1980] for a Canadian “experirheFtiey are used under public insurance in
countries like Sweden and France but nearly alVe$tern Europe for pharmacare.

® Newhouse et al. [1980].

" Creese [1997].

8 The Economist [1997].
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demand will be inelasti2and use will not be affected by user fees. Proviaigeting
policies may well be more effective. Secondly, uUses will always deter a fraction of
the legitimate demand that could have acted asptie caré and, consequently, cost
more when the condition of the patient deterioraléss would happen when the
potential patient forgoes the first contact, tyflicthe primary care which could decide
on the seriousness of the individual's reason tesgthe system.

In terms of equity considerations, user fees ayeessive because heavy users are
normally lower income individuals. Thus, if a uéee is to be imposed as a demand
management instrument, the argument must be basefficiency. However, in terms of
efficiency and, in particular, as a tax instrumesser fees would hardly qualify as a good
instrument as the tax base would be very narr@xgeptions started creeping in, from
children and elderly on fixed incomes to chronigdll **

The more people have to cough up when they use health care, the less they will be
willing to pay for it through taxes or insurance premiums. Money raised by charging
might become a substitute for existing funding.

But would the fee affect the demand for health care? A forthcoming survey for the
Social Market Foundation, a think-tank, and Pfizer, a drugs firm, found that 64% of
British adults think people visit their doctor too often because it is free. If they are
correct, a fee might help.

Most health-care systems, whether paid for by taxes or private premiums, are in
effect insurance systems. Insurance cover frees people to do things they might think
twice about if they were uninsured, as the insurer will pick up the tab. This can lead
to inefficiencies. Having bought health cover with your premiums or taxes, why not
make the most of it and visit the doctor every time you sneeze?

Sure enough, those who had to pay most used much less care than those who could,
in effect, go to the doctor free. A 1% rise in out-of-pocket costs cut the amount of
medical claims by around 0.3%. This suggests that there is significant scope for
using fees to cut wasteful health-care consumption.

But, says Alan Maynard, an economist at York University, if charging deters sick
people from going to the doctor, that might impose bigger costs on society in the
long run (say, through the spread of a contagious disease) than it saves in the short
run. The RAND study found no evidence that people who used less health care were
less healthy than those who did, but Mr Maynard casts doubt on the reliability of that
finding. He worries that charging may discourage poor people from seeking care.

19 Getzen [2000], Olsen [1993].
? Laupacis [1996], Marshall [1996].
2 Birch [2004].
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Medical savings accounts

Medical savings accounts (MSAS) are a more recgm@vation in many countries (e.g.
Singapore, China, Hong Kong, South Africa, &%nd they have probably become
feasible due to advances in electronic individeabants kept by fiscal systems. MSAs
do indeed resemble bank accounts except that tkepyndesign, coupled with a
catastrophic illness insurance that carries a tagluctiblé®. Of course, this catastrophic
illness insurance is offered by markets whereveASISlug into a predominantly
market-based healthcare system (e.g. the US) whidéic insurance picks up where
MSAs fall short under a predominantly public inswra system (e.g. Singapore).

The accounts are designed to pay for individual'‘®amily’s healthcare expenditures.
The money put aside in the MSA is used to pay t@lifying (usually routine or minor)
medical expenses while the accompanying insuralacegovers (usually major)
expenses after the deductible level has been rdablzemally, the admissible range of
expenditure ought to cover preventive and chroare @éems. However, as the
administrative expenditures avoided by small clatinad do not require insurer approval
is one advantage of MSAs, there is always a greg ahere contacts that may prevent
major future expenditures are hard to define asssinte.

Under MSA schemes, money contributed to the MSAmgd to the account holder,
accumulates on a tax-free basis, and is not indlirdéxable income if used for
admissible health care expenses. With public imae&alans (including the US Medicare
and Medicaid), the insurer deposits into MSAs warddhe from the government
whereas, under employer-mandated systémsposits would come from employers. Of
course, where service provision is private and stnoted, individuals would have
further incentives to make their own deposits. Faperty provides the individual with
incentives to save for future expenses while prewgrcurrent small and avoidable
claims thus becoming “activated consumérdiowever, if this incentive is to work,
individuals must perceive MSAs as hard budgetseratian just guidancg.

Many arguments have been made for and against MBAs section will cover only
those relevant to individuals’ decisions. Firststeed above, “activated consumers”
have strong incentives to search for better pit&is incentive must, however, be

* Hsiao [1995].

% Bloche [2006].

% One advantage of MSAs under employer-mandateérsgstvould be the portability of coverage and the
ensuing boost to labour market efficiency by remguhe health insurance lock (Robinson [2005]).

% Lee & Zapert [2005].

% Hurley et al. [2007].

%" Gratzer [2002].
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combined with competition on the supply side t@mrdcefficiency improvements. Most
public insurance systems are also characterizespgcity constraintSthat would
impair competition. Moreover, lower premia origimat from high deductibles may
induce individuals to take up the catastrophice#is insurance coupled with MSAs.
However, a major efficiency loss and adverse seleetould result from those already
insured and the relatively wealthier benefitingifirtax breaks.

3.5 Conclusions

This chapter covered the analysis of an individidémand for healthcare. Healthcare is
perceived as the set of purchased inputs intothealestment by the individual, the
other scarce input being the individual’s time. Tie inputs allocated to health
investment, time and money, compete with the prbodnof home-goods or, simply, all
other goods. The individual’s total healthy timalil®cated to health investment and
home-goods as well as to work that enables heriraome. The healthy time is
positively correlated with the individual’s heattock which, while depreciating over
time, is positively correlated with health investitse

Since individuals value their future as well agitbeesent health, they are aware of the
fact that a positive net health investment medmglaer health stock tomorrow and a
higher health stock produces an enhanced abiliéata while the opportunity cost of
such investment is the current consumption of hgowds. Thus, individuals have to
allocate their resources within and across timegsr Taking into account the
intertemporal tradeoff, what the individual plangtirchase and use in the production of
health investment constitutes her demand for healéh

However, two further components are essentialdoraplete analysis of healthcare
demand. First, the healthcare insurance need vaisds from the lumpy and uncertain
healthcare expenses does act on healthcare demanarket signal even if healthcare
may be free at the point of purch43at first glance, health insurance may seem
independent of an individual’s valuation of hedltt, upon closer inspection, the
accumulation of contingency assets in the absehlceadth insurance may come at the
expense of current health. Thus, beyond the psteamce motives, health insurance will
interact with one’s healthcare demand as develapege. Second, as discussed in the
context of user fees, healthcare demand is nopertient of medical information
required to make health investment choices. Théod@s agent is an essential
component of healthcare demand as the doctoreasftirmed party (i.e. informed on
medical technology), determines medical care u$ie indhe selection of treatments and
their intensity of use. While this determinatiokea the form of suggestion by doctor and
acceptance by the patient, it does nevertheleggestithat the patient typically follows
doctor’s orders. Thus, the healthcare demand denvéhis chapter must be construed as
that of a perfectly-informed patient or principal.

% Hurley [2002], Forget, Deber & Roos [2002], Sh{2a02)].
% Dusansky, & Koc [2006].
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Discussion questions

01. If health is a stock, what flow variables affeés level and how? Classify them as
exogenous and endogenous.

02. Does the health stock model suggest a valuenie's life?

03. How would one incorporate a major but non-fdliass into the Grossman model
during the course of life rather than atéhd?
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04.

05.

06.

07.

08.

09.

10.

11.

12.

13.

14.

How and whether does one plan for the endeifrithe health stock model?

Is there a difference between an individuasponses to the health effects of
newly-developed preventive measures anceatinent options?

How can one explain the relationships betwéeralth and wealth” and “health and
education”? Can we presume causality?

What major modifications would have to be biuligto the Grossman model for a
more realistic model of healthcare demand?

Indicate some demand-side and supply-sideipslaver health. How would they
enter the Grossman model?

In the light of Grossman model, why would omeeist in his own health?

Grossman'’s health stock model of healthcareadenabstracts from two problems
inherent to healthcare. First noted in Arf@®63], uncertainty and physician-agency
make healthcare markets prime candidatesiltdiscuss why or why not.

Major components of demand for healthcare neayfrequent and lumpy. How does
the health stock model need to be modified?

Given that habit models (such as in tobaccoadewhol use) reinforce the need for a
sustained application of anti-addiction pplicols, can such policy measures be
understood within the Grossman model?

Is the introduction of user fees is unavoidabdguitable?
The Grossman model must incorporate the ineemiechanisms needed to empower

patients as consumers. Existing medical ggvatcounts posses such mechanisms.
Discuss.

Problems

01.

02.

The amount of other goods an individual isinglto give up to improve her

health falls. As a result of this change @n preferences the individual would
normally choose a lower amount of health gtreent but the amount of home goods
might well decrease too. Explain why.

What are the consequences of an exogenousigacie preference for smoking in the
Grossman model?
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03. What are the consequences of an exogenousigecie pollution for smoking in the
Grossman model? Highlight, if any, the diffieces with question 2.

04. Graphicallyexplain the efficient allocation of one’s totaktthy time between
health-generating activities and home-goods.

05. In the health stock model of healthcare demamgilven bundle of time and purchased
inputs in the Edgeworth box belongs to thetiaet curve. Explain the condition such
bundles have to satisfy beyond the feasytlinstraints that timessTand T add up
to the chosen total leisure time and expenekton purchased inputs add up to the
work income.

06. In the health stock model of healthcare demamidhange in preferences induces an
income effect through the change in healitmg tTy. Suppose an individual’s
preference for | over B increases. Explamitttertemporal income effect.

07. Is there a difference between smog and secand-tmoking?

08. Obesity is not a desired state of health ihithv@orsens enjoyment of life and, worse,
generates comorbidities. How could one degrgwentive fiscal policies?

09. The smoke-free workplace regulation is a priypgghts assignment. Does it have a
different long-run effect on healthcare dethdran in the short run?

10. What are the various differences between a srirele workplace and a workplace
with a properly ventilated and insulated smgkoom?

11. How would the demand for healthcare changeatthcare became more expensive
but also more effective?

12. What would happen to healthcare demand if arease in health stock boosted one’s
wages?

13. Briefly explain how preventive public policiesght work for smoking and addictive
drugs. Make sure you mention how individungkintives affect the transmission
process from policy to outcome.

14. Carefully explain a policy of introducing udees equitably into the Grossman
model.

15. Briefly describe one type of medical savingsoant (MSA). Why does one need
the intertemporal preferences and an intgytead budget constraint to analyze
MSAs under a Grossman model?
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Appendix A Work-leisure choice as part of the health stock @hod

This appendix shows that when the individual sohesproblem (3.7), she thereby splits
her healthy time between leisure and work, i.e ld¢iisre-work tradeoff is implicitly and
simultaneously solved. This decision involves eigathe marginal benefits of time
allocated to producing the home-good B and to #adth-investment good I (in the
optimal proportions as given in the Edgeworth byxesl the opportunity cost of time
used in those activities as the wage rate.

This problem is more complicated than simply trgdime off between leisure as idle
time and work because, in this case, leisure tiomsists of choosing between producing
B vs. | whereas working generates the income nacgss purchase the inputs towards
the production of B and I. Even the supposedly e of sleep, perceived more as |
than B, requires the purchase of inputs such &slabd of time as non-work.

The individual's problem (3.7) of resource allooat{illustrated in figures 3.3 and 3.5)

can, upon suppressing the exogenous variable lieihdalth investment and home-good
production functions for simplicity, be rewrittea a

max  V(B(X,T),I(M,T}))
XM, Tg, Ti} (A1)
st. Tu=[(pmM + pxX)/w] + Tg + Ti.

First, the constraint can simply be rewritten as

Th=Tw+ TLe. (A2)
Second, we define consumption C as the total expeaadn inputs M and X as

C = puM + pxX (A3)
or, noting thapuM + pxX = wTw,

C =wTy - WTe. (A4)
Third, efficiency in production requires that, fbe production of each good, the
individual has to equate MRTS (marginal rate ohtecal substitution) to the relative
price of the inputs and satisfy a time-budget aanst. This process yields two equations
for each of B and I. For B we obtain

BT(X,TB)/B)((X,TB)= W/px andTg =T g— (D(/ W)X (A5)

which, solved, yield conditional demands for thputs
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X = x(pdw, Tie) and T = tg(px/w, TLe) (AB)
and, similarly, for I,

M =m(pw/w,Tee) and T = ti(pw/w, Tie) (A7)
from pw I+(M,T)/ Iu(M,T))= w/pm andT, = T.e — (pw/ W)M. (A8)

Finally, exchange efficiency (see the contract eunvFig.3.2) between the two goods
productions requires that the marginal rates o$suition between the use of time and of
expenditures on inputs be equalized across thetaduction lines, i.e.

Px BT(X,TB)/B)((X,TB)= W = Pm |T(M,T|)/ ||\/|(M,T|) (Ag)

Now we make the following successive substitutions the objective function in Al.
We eliminate X and d using (A3) and (A9). Then, using A7, eliminate Ndal, (as A6

is not independent of A7 as, givepeJTonce X and § are chosen M and, &re
automatically determined). Thus the new objectivection is given as W(E,C).

Thence, recalling the constraint in A4, the woristiee choice problem can be written as

max W(TLE,C)
{Te,C} (A10)
s.t. C=wWTH - WIe

We note that A10 can’t be solved on its own buhes is derived from the original
problem Al in order to understand the implied wigikure choice. Unlike standard
work-leisure choice treatments where one choosegelea idleness and consumption,
leisure in the current context is the time sperthénconsumption of the produced goods
B and | whereas work allows the production of thiester through purchase of required
inputs X and M. Finally, since the information oreferences over produced goods is
suppressed in W(E,C), this latter can’t be used in comparing changes) individual's
situation in response to exogenous changes. ttlisroeant to serve as criterion in
splitting the available healthy time between wankl éeisure.

Appendix B The intertemporal problem and medical savings @ctso

The fundamental force driving the dynamics of tealth stock model is the health-
depreciation coefficient. While it is true thatstpartially endogenous through its
dependence on individual’s lifestyle and henceheealth investments, for a reasonable
understanding of the aforementioned dynamics itldveuffice to have an exogenously
given time profile of the depreciation coefficiefhus a typical individual with perfect
foresight chooses its lifetime allocation of tinmredaexpenditures by solving the following
problem.
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max jOT e®U(B,H)dt
{X,M,TB,T|}

s.it. B =B(X,TgE) (B.1)

I =1(M,T;;E)

To= TL(H) +Tw+ TLE
W= puM + pxX
E=Teg+ T,

—=1-H

dt

H(0) = Ho
H(T) =kh
H({t) > kh, O<t<T
M(T)=0

Nearly all the equations above were explained éntéixt. The last four are required to
complete the dynamic health stock model. Sevelbaatory remarks are in order.
First, the problem is continuously re-solved bywnlals. Thus the starting time zero is
not necessarily birth. The initial health stockd¢notes one’s stock whenever the
individual reevaluates her choices. Second, ataiminal time, bizarrely planned but
discussed earlier in the chapter, is when one’thetock falls below Ri,. Above in

B.1, death is taken to be akl Finally, assuming that the health stock modsbised
using optimal control theory, M(t) is the so-callddmiltonian. This latter yields the
instantaneous value of continuing the program 8. combining the current utility
derived from the consumption of produced goods @ ldyut also valuing the next period
by taking into account the tradeoff that, beyosdciinsumption value, health-investment
replaces the depreciated health stock as well ssilgg adding to it. Thus, if the value of
the Hamiltonian falls to zero, there is then nditytheed to continue running the
program B.1 or, in other words, the optimal terrhtimae T has been reached.

The omission, above, of an intertemporal budgesttamt for the individual has one
policy-relevant serious consequence. Modeled irotiggnal Grossman treatments
([1972], [2000]), the intertemporal budget consttas necessary in understanding
medical savings accounts (see Forget et al. [2@2)zer [2002], Hsiao [1995], Hurley
[2002], Hurley et al. [2007] and, especially, SnjRB01] for a comprehensive survey).
As all known medical savings accounts exhibit ir@eporal dynamics in the form of
savings accumulating tax-free for future health@qgenditures, the above budget
constraint is hard for every period without allog/isurpluses now for later expenditures.
A fully dynamic budget constraint would relax thecsession of hard period constraints
and allow the individual more flexibility.
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