Chris Ferguson
3 Year Paper
4/6/2007

DRAFT: fEffects of population agingqh an economy with public educati@md health care
subsidies

|. Introduction: Motivationand Questions ohterest

One of the largest and fastest gnogvsectors in the U.S. and many industrialized nations
is the medical or health care sector. Further complicating matters is the simultaneous aging in
these nations as individuals continue to live longer and have fewer children. Medical care,
retirementand nursing home expersseand prescription drugise necessarily increase as
individuals age, and these increased costs can be difficult to bear for the elderly and also difficult
to pay for through government interventiohhis growthin longevityhas &d many countries to
guestion the extent to which these expenses should be subsidized through programs such as
Medicare or a universal health care system.

What pressures will this aging put on the economy, and what effects will there be on
economic growt? On the surface, it would seem that increasing funding of health care for
seniors to prolong | i f efromn the perspedtive edmogvth,twhemay b e
compared to funding of programs such as education which would increase the prodofttivity
future workers In addition, subsidizing expenditures in retirement reduces the need to save, and
could result in lower levslof capital accumulation

However, in a model in which human capital is produced with both private and public
inputs, reducedorivate expenditure on health in retirement fregsresources foraltruistic
parents to investinthec hi | dr en 6 s h u ma thereboehave tpasitiveeeonothic mi g h t
effects. This mechanism directly relatedto that explored by Kaganovicma Zicha (999

who examinedhe relationship between Social Security fundamgl human capital investment,



and found conditions under whithe presence of a social security syst&n increas@arental
investmenin education, and thus enhargrewth.

The man question this paper seeks to answer When longevity increases, are there
conditions under which the presence of a health care subsidy such as Medicare has a positive
effect on the growth rate? We will explore those conditionhispaper and thesimulate an
economyto estimate the size of the effects.

The preliminary answer to this question seems to be that such conditions may exist, but
under some plausible conditions, the presence of a Medicare dystam positive effect on

growth.

1. Basc Model

Individuals in thiseconomyeach live for a maximum of three periodsach period, a
population of N individuals, normalized to one enters the economiy the first period,
individuals receive education inelastically and make no decisionss €ethication is provided
through a combination of public and private inputs.

Individuals work in the second period. While working, individuals choose their level of
consumption, savings, and private educational investment for their children, whilegearnin
income for time spent in the labor force. Utility is gained from consumption and from the human
capital of the offspring.

At the beginning of the last period, agents retire and choose their level of consuamation
health care, which are purchasedh the assets carried over from the previous period. The
government provides additional funding to retirees in the form of Medicare which acts as unit

subsidy for health expenditures for the individual. Utility in retirement is gained from



consumption anddalth care. Once the health care and consumption decisions are made for the
retirement period, households then enter a lottery and receive a draw to see if they will survive
into the third period.Saving is done in the form @lerfectannuities so thahe assets of those
individuals who do not survive to retirement are split among the survivors.

A proportional income tax ratdexists and the proceeds$ this taxfund public educatiomo
produce human capital. Thvedicare subsidy ifnanced by a separate proportional tax chte
Medical care is produced using a combination of human capital and physical capital, and

purchasd with government and private inputs.

Preferences:
The household problem in this economyas follows:
Individuals of generatiopin periodt maximize:
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wherec;; represents the ceamption expenditures of the individual of generation
j In periodt, s; is the savings in periodl g is the level of private parental investment in
their chil dx e Xﬁ 8 the vaifbrn per studennlevel of public investinien

education,d;; is the level of private medical expenditures purchased. The return to
savings is 1+#rwhich is split among thg * Nurvivors each period After-tax labor

income is(Li Qi d)wih;;, wherehj;i s t he i ndi vi duallavsstieev el
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wage, andjandd; are the proportional income tax rates devoted to education and health
care funding, respectively.
The price of medical care is given pY: and the governmen¥edicare subsidy

rate is given byz. Individuals thereforechose consumption, medical expenditures,
private education supplements, and savitedsng prices and government policies as
gi ven. Th ecompeaporaaithe relative aveight of medical care, consumption,
and childrends hvuchaal aputal ity fbpisiindmnyi
the exogenous survival parameter, with the conditior] &4.

Technology
There are two different types of firms in this economy: factories and hospitals. We will
assume that each are competitive profiaximizers and hire workers and capital
accordingly. Workers do not care which sector they work in, and supply their human
capital wherever they receive the highest wageoduction in each sector takes place
according to:

e ConsumptiorCapital Goods sectar

a 1-a
Ve = A(Ky) (Hye)
whereKk,,, is the amount of physical capital used in the goods sddjer,
is the amount of human capital used in the goods sector.

e Medical/Health Caresector

M, = D(Kmt)w(Hmt)l_w
wherekK,,,; is the amount of physical capital used in the health sdétgr,

is the amount of human capital used in the goods sector.



The Goernmenbudget constraints

The government taxes individuwdsegarate @b or
rates,Uandd which fund public education spending and the Medicare subsidy, respectively. The
two relevant constraints are therefore:

o Gowvernmenteducation funding

Xe = 1w 2N hye
where X; is the total amount of ayernment funding devoted to education in
periodt.

e Governmenhhealth care funding

Zy = 0wy Z{V hit = PmeZe Zﬁvpdit
where Z; is the total amount of government funding devoted to health care

subsidies in periotl

1. Definition of a Competitive Equilibrium in this Econamy

A competitive equilibrium in this model will consist of a collection of sequences of
household decisions}, ¢ s, &, di} °=0, sSequences of aggregate capital sto¢ksH} o and
their distribution between sector&g, Hy:, Kmy, Hi } P-0. sequences of pricesw, r, p" Pi-o,
and sequences of government policiad¥ di} ®i=o such that:
1. given prices and government policies, the household sequences solve the
i ndi vi du aatioh problera x i mi z
2. given prices, the firms in each sector are profit maximizing-afibitrage

conditions hold)

I



3. capital and labor markets clear:
HyetHme= He= 2 Ay,
Kyt K= K= B, Sie—4
4. The goods market clears: = Z’i"zl(cf’jlt +pci_1 ¢ + Sije)
5. The medical care market clear®, = §V=1Pd?j—1,t
6. The government budgedirebalanced:
Xe = 1,we 2N hye

Zy = 0wy Z{V hit = PmeZe Zévpd?j—l,t

IV. Solving the modaind finding theébalanced growth path

The individual household problem yields the following first order conditions:
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These conditions together with the budget constraint
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yield the following household decision rules
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Firmbés profit maximization probl ems:

We will assume that both types of firms are competitive profit maximizers, and hire
workers and capital accordinglyrhis yidds the following condition$or prices

1) Goods sector
Y;

14+7r,=a-"-

yt Kyt

Yt

wye = (1-—
ye=(1-a)5

2) Medical sector

1+, = pmtl.l’

Wit = pmt(l l/)) T



The noearbitrage onditions for the rate of return on human capital and physical capital across
sectors yield the following conditions:
() =526
vt Y \Hpg
For firms to be profit maximizing, it must be that the marginal pradoétboth human and

physical capital are equal in all sectors. This implies the additional condition:

ad (%)(H =(1-a)A (?)a

yt yt

which can be simplified to:

5= ()
(1-a) Hy¢

And similarlyfor the medical sector:

(fw) - (Z_:Z)

We can then solve for prices using theambitrage conditions and we find:

Caf a ¥y 1Y S .
Dt = m (E) (ﬁ) , which is constant over time.

Using these conditions from thefms 6 maxi mi zati on probl ems,

household and market clearing conditions to find the equilibrium.

We begin with the health care markétromthel n d i v hedlih aare@ecision rule we know:

dirpr = [ Ve ] (H7ers) ((1 — Tt — gt)Wthj,t)

A+ny2+pys+pva)l (1-ze+ ) Pmie+1

And from the government health care budget we know:

Zy = 0wy Z{V hit = PmeZe Zévpd?j—l,t



Imposingthe simplfying restriction othomogeneity of households and N=1 for simplicity in this
base modelve can rarrange thgovernment budget conditi@bove to yield:

1—z = PPmed]—O0:wiHj ¢
t pPmd?,

Plugging thisnto the decision rulgields

pd?,t+1

o
Ter1Pmer1= O 1Wer1Hjpq r41

dirpr = [ = ]pd (1 +7p41) ((1 — Tt gt)WtHj,t)

(1+ny2+pY3+pYa)

Rearranging this we get the folng:

pd;),t+1pmt+1 — Ot 1We1Hjyr041 = [(1+an+]2y3+py4)] (1 + 741) ((1 — T — Qt)WtHj.t)
Next, we can use the market clearing condition for the medical sector:
deQ—l,t = D(Kmt)w(Hmt)l_w

We then plug this into the previous equation to yield

pthD(Kmt)’p(Hmt)l_w - 9t+1Wt+1Hj+1,t+1 =

Ya — — .
[(1+77V2+P}’3+P}’4)] (14741 ((1 te Ht)WtHJ't)

Then, I mposing the conditions from the fi

rates

Pmt+1DHme (L)w —0e1D(1 =) (ﬁ)w Hit1t41 =
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Simplifying this equation
Hmt
Pmt+1 .~ 01 (1—1) =
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