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Abstract
The continuing increase of the US public health spending would inevitably
lead to a reduction in productive government spending, higher taxes, or
both. If the government enacts any of the policies, to what extent would the
rising health care spending affect the long-run economic growth and wel-
fare? Using an endogenous growth model where investment in education
is the driving force of growth, our quantitative analysis shows that if health
is a consumption good, such policies will reduce long-run growth and wel-
fare. To finance public health spending at 20 percent of gross domestic
product (GDP), a policy that simultaneously reduces productive govern-
ment spending and raises tax rates could decrease the long-run growth
by 0.7 percentage points and welfare by 14 percent. When health is both
consumption and productive good, this policy reduces long-run growth and
welfare modestly.
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From 1970 to 2006, the US health care spending as percentage of gross

domestic product (GDP) has increased from 7 to 16 percent and is projected

to reach 29 percent of GDP in 2030. During the same period, public health

expenditure has also increased significantly and is projected to reach 10 per-

cent of GDP in 2019 and exceed 15 percent of GDP in 2030 (Congressional

Budget Office’s estimates). The rising public health spending has created

financial pressure on the government budget. This may force the govern-

ment to cut its spending on other programs, including education and produc-

tive public investment. For instance, from 1970 to 2006, in terms of their

percentages to GDP, public health spending was rapidly rising, while gross

public fixed investment had declined and public education remained had

been relatively constant.1

Numerous studies have shown positive effects of education spending on

economic growth (Zhang 1996; Krueger and Lindahl 2001). The positive

effect of productive public spending such as infrastructure on economic

growth is also well documented in the literature (Glomm and Ravikumar

1997; Irmen and Kühnel 2009). Since health spending is also considered

important for economic growth, the competing uses of these three

growth-enhancing expenditures can adversely affect growth and welfare.

Alternatively, to finance the rising public health spending, the govern-

ment may opt to raise the income tax rates which may lead to lower growth.

Given the likely policy responses, this study asks to what extent would the

rising public health care spending affect the long-run economic growth and

welfare?2 To quantitatively investigate the effect, we use an endogenous

growth model where private and public investments in human capital are

the main drivers of economic growth, and public health spending distorts

the individual’s consumption and capital accumulation decisions.

In our model, public health spending enhances health status which sub-

sequently affects productivity, labor supply, and preferences. It is well

understood that health status affects labor productivity and labor supply

as physically more energetic and mentally more robust workers can perform

complex physical tasks and are also less likely to be absent from work

(Strauss and Thomas 1998; Schultz 1999). Following other studies such

as Viscusi and Evans (1990) and van Zon and Muysken (2001), we include

health status in the utility function. We also introduce private investment in

education to capture the notion that education is costly. This implies that
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an individual faces the trade-off between consumption and investment in

human capital in making about his/her income allocation. Given this frame-

work, public health spending is distortionary as it can affect the individual’s

consumption, labor supply, physical capital, and human capital accumula-

tion decisions.

Higher public health spending, however, pulls out public resources

from other productive and distortionary purposes, namely, education

and public investment.3 As shown by Blankenau and Simpson (2004),

government spending on education can affect private decisions on

human capital investment. To capture the effect of changes in public

investment, we incorporate public investment directly into the produc-

tion of output. A tension then arises between the distortionary effects

of raising taxes as well as reducing productive spending (lowering

growth) and the increase in the public health spending (enhancing

growth) whose net effects are determined by an intricate relationship

of the model’s parameters.

Our model can be considered as extension of Lucas (1990) and Glomm

and Ravikumar (1998), but with a more complex mechanism that affects

growth due to the inclusion of multiple competing and distortionary govern-

ment spending. Moreover, instead of analyzing the growth effects of a tax

reform in the absence of other forms of fiscal policy, our study investigates

the growth and welfare effects of a tax reform or budget cuts when public

health spending is increased simultaneously. Consequently, our model

yields insights into the growth and welfare effects of public policy beyond

what is the standard framework in the literature. Specifically, we run three

distortionary policy experiments: cutting productive government spending

(on education and infrastructure investment), raising income tax rates, and

a combination of both. A benchmark comparison is a policy in which the

government chooses a nondistortionary policy of reducing lump-sum

transfer.

Our results can be summarized as follows: first, the qualitative and quan-

titative growth and welfare effects of public policy depend on the nature of

health. As long as health status affects labor productivity, an increase in

public health expenditure, even if it is followed by a gradual decrease in

education and public infrastructure investment or a proportional increase

in tax rates, results in modest to negligible reductions in long-run growth

rate. However, a policy that simultaneously cuts productive spending and

raises tax rates decreases long-run growth nonnegligibly. Moreover, such

policy results in a large decrease in welfare. When health status is purely

a consumption good, the implementation of any of the preceding policies
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will reduce long-run growth welfare considerably, with the largest effect

occurs under a policy that combines productive spending cut and tax

increase. Second, a tax increase is less damaging to growth and welfare than

a productive spending cut. Third, the growth effects of public policies are

magnified the more elastically labor is supplied.

The rest of the article is organized as follows. The Model section

outlines the model. Qualitative Evaluation section examines the model

qualitatively. Calibration section describes the model calibration.

Quantitative Evaluation section quantitatively examines the model and

is followed by the Conclusion.

The Model

We assume an economy which is populated by a number of identical and

infinitely lived households, firms, and a government. Population growth

is zero, and population size is normalized to one. A single good is produced

by competitive firms using physical and human capital as input factors.

We also normalize the price of consumption/investment goods to one. The

government collects taxes on capital and labor incomes and uses the

revenues to finance its spending on education, infrastructure, health, and

lump-sum transfer. Households and firms take fiscal policies as given when

making optimal decisions.

Health Investment

Health status is a function of public expenditure on health, GHt, which

includes spending on Medicare, Medicaid, and all other health provi-

sions such as health research that can improve health status. Previous

studies such as Grossman (1972), Hall and Jones (2007), and Bhatta-

charya and Qiao (2007) consider health spending as one factor in the

health production function. While it is difficult to precisely predict the

extent of the link between health care spending and health status, some

micro and macro evidence indicates that that health expenditure can

contribute to the improvement of health status (Rivera 2001; Hall and

Jones 2007). We assume that it takes a fixed proportion and a time

invariant of output, or GHt ¼ sH Yt, to increase health status. Naturally,

health status decays as time passes and its deterioration is assumed to

occur at a constant rate dm. Therefore, health status evolves over time

according to
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mtþ1 ¼ D

�
GHt

Yt

�x

þ ð1� dmÞmt; ð1Þ

where D measures the productivity of medical care technology, x represents

the elasticity of health investment, and dm is the depreciation rate of health

status.4 The government finances the health expenditure through taxes on

labor and capital income. In the long run, health status is constant, and it

is given by

m ¼ D
s
x
H

dm

: ð2Þ

Production

Final output is produced using physical capital, human capital, and a pro-

ductive government investment with constant returns to scale technology.

Each firm produces output yt at time t according to the technology:

yt ¼ AðG1�f
It k

f
t ÞaðntmthtÞ1�a; 0 < f < 1; 0 < a < 1; A > 0; ð3Þ

where kt is physical capital, nt is working time, mt is health status, ht is

human capital, A is the time-invariant total factor productivity, and GIt is

the current flow of productive government spending. The productive spend-

ing is assumed to be a constant fraction of output so that GIt ¼ sI Yt. The

production function above can be rewritten as

yt ¼ ~Ak
afo
t ðntmthtÞð1�aÞo; ð4Þ

where ~A ¼ fAs
ð1�fÞa
I go and o ¼ f1� ð1� fÞag�1

. There are two things

to note here. First, since Barro (1990), the inclusion of productive public

investment in the production function is well known in literature. This is

driven by the notion that publicly financed infrastructures such as roads,

ports, and telecommunication systems stimulate private investment and

increase the economic potential of an economy (Glomm and Ravikumar

1997; Irmen and Kühnel 2009). Second, there exists theoretical explana-

tions and a bulk of empirical evidence explaining the link between health

and productivity as improved health status increases an individual’s ability

to participate in the production process (Schultz and Tansel 1997; Strauss

and Thomas 1998; Schultz 1999). Here, ntmtht can be considered as effec-

tive labor after adjusting for human capital and health status. This approach

is similar to Weil (2007).
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Factors are rented from households in competitive markets so that in

equilibrium, the rental rate and wage rate are respectively given by

rt ¼ fao ~Ak
ða�1Þo
t ðntmthtÞð1�aÞo; ð5Þ

wt ¼ ð1� aÞo ~Ak
fao
t ðntmthtÞ�fao: ð6Þ

Preferences

A representative household derives his/her utility from consumption, health

status, and leisure. His/her preferences are given by the following utility

function:

U ¼
X1
t¼0

bt½lc
c
t þ ð1� lÞGc

Ht�
ð1�sÞ

c lyt
1� s

; ð7Þ

where ct is consumption at time t, 1=s is the intertemporal elasticity

of substitution, b is the household’s rate of time preference, GHt is

public expenditure on health, l is the share of consumption in the

consumption–health status, c is the elasticity substitution between con-

sumption and health status, lt is leisure, and y is the elasticity of

leisure. Many studies have also included health status in the utility func-

tion, such as Viscusi and Evans (1990) and van Zon and Muysken (2001).

Our specification in equation (7) allows us to derive all variables of

interest in terms of their percentages to GDP, which in turn enables us

to conduct the qualitative and quantitative evaluations of the model. Equa-

tion (7) also assumes some degree of substitutability of consumption and

health status. In 2007, the average total per capita consumption was

about $27,000, of which $6,000 was for health care. Under Congressional

Budget Office (CBO’s) projections, by 2035, per capita consumption

would grow by over $15,000 (in 2007 dollars), but more than three-

quarters of that extra money would be spent on health care. This implies

that health status and consumption are substitutes.

In period 0, the representative agent is endowed with h0 units of human

capital and k0 units of physical capital. In each period, the representative

agent rents physical capital to firms at the rental rate and supplies his/her

effective labor ntmtht at the wage rate wt. The government taxes house-

holds’ capital at rate tK and labor income at rate tL. The representative
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agent uses his/her after-tax income to purchase consumption goods, invest

in his/her education, and accumulate physical capital. His/her budget con-

straint in each period is given by

ct þ it þ et ¼ ð1� tLÞwtntmtht þ ð1� tKÞrtkt þ Dt; ð8Þ

where it is the agent’s investment, et is private investment in education, and

Dt is the government transfer. Physical capital per worker evolves according

to ktþ1 ¼ ð1� dkÞkt þ it; 0 < dk < 1, where dk is the depreciation rate,

while human capital is produced using technology:

htþ1 ¼ B½GZ
Ete

1�Z
t �1�mh

m
t þ ð1� dhÞht; B > 0; m; Z 2 ð0:1Þ; ð9Þ

where GEt and et are public and private expenditures on education, dh is the

depreciation rate of human capital, and ð1� mÞ is the elasticity of education

spending on human capital. The importance of education spending on

human capital and growth has been stressed by Behrman and Birdsall

(1983) and Card and Krueger (1992). Here, public and private investments

in education are assumed to improve quality of education and thus increase

human capital stock. The representative household has one unit of time

in each period when he/she is alive and divides his/her time on working

ðntÞ and leisure ðltÞ, which implies

nt þ lt � 1: ð10Þ

Given initial endowments of physical capital, k0, and human capital, h0, as

well as a sequence of prices and public choice, the household maximizes

equation (7) subject to equations (8) through (10).

Public Sector

The public sector collects taxes on labor ðtLÞ and capital income ðtKÞ to

finance its spending on education ðGEtÞ, health ðGHtÞ, public investment

ðGItÞ, and lump-sum transfer to households ðDtÞ. All government expendi-

tures are expressed as constant fractions of output so that GEt ¼ sEYt, GHt ¼
sH Yt, and GIt ¼ sI Yt. The government maintains a balanced budget in each

period such that

tLwtntmtNtht þ tKrtKt ¼ GEt þ GHt þ GIt þ Dt; ð11Þ

where ntmtNtht and Kt are the aggregate effective human capital and phys-

ical capital, respectively. Since we assume Nt ¼ 1, then Yt ¼ yt.
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Equilibrium

Given a fiscal policy fGEt; GHt; GIt; Dt; tK ; tLg1t¼0, a competitive equili-

brium is a set of allocations fct; lt; ktþ1; htþ1g1t¼0 together with prices

fwt; rtg1t¼0 such that

(i) fct; lt; ktþ1; htþ1g1t¼0 solves the household’s problem,

(ii) fht; ktg1t¼0 solves the firm’s problem,

(iii) the government’s budget constraint is satisfied: tLwtntmtht þ tKrtkt ¼
GEt þ GHt þ GIt þ Dt, and

(iv) GEt ¼ sEyt, GHt ¼ sH yt, GIt ¼ sI yt.

From the household’s problem, the trade-off between consumption and

physical capital investment is described by the Euler equation (12):

b½ð1� tKÞrtþ1 þ ð1� dkÞ� ¼
�

ctþ1

ct

�s

: ð12Þ

Equation (13) describes the trade-off between leisure and working. Spend-

ing more time on leisure increases utility but reduces household’s current

income. From equation (13) we can see that an increase in the labor tax rate

increases the demand for leisure and reduces the supply of labor. The

strength of this effect is essentially governed by the intertemporal

elasticity of substitution (s), the elasticity of leisure (y), and the share of

health status in utility (1� l).

y
lð1� sÞ c

1�c
t ½lðcct þ ð1� lÞGc

t � ¼ ð1� tLÞwtmthtlt: ð13Þ

The Euler equation for human capital accumulation acquired through

investment in the quality of education is given by equation (14). Spending

income on education reduces the household’s consumption, but it increases

its human capital and raises its future earnings.

b

(
ð1� mÞð1� ZÞð1� tLÞwtþ1ntþ1mtþ1e�1

t ½htþ1 � ð1� dhÞht�

þ etþ1

et

htþ1 � ð1� dhÞht

htþ2 � ð1� dhÞhtþ1

� ½mBðGZ
Etþ1e

1�Z
tþ1 Þ

1�m
h
m�1
tþ1 þ ð1� dhÞ�

)
¼
�

ctþ1

ct

�s

:

ð14Þ

Since our interest is not the short-run but the long-run effect of the rising

public health spending, we focus on what follows in the steady state. The
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long-run equilibrium of this economy is characterized by constant health

status and labor supply. Also in the long run, output, consumption, and

capital grow at constant and identical rates (g).

Hence, along the balanced growth path, g ¼ ctþ1=ct ¼ ktþ1=
kt ¼ htþ1=ht; nt ¼ n; lt ¼ l; mt ¼ m; zt ¼ z, for all t, where z ¼ k=nmh and

g is the growth rate of output per worker. In this economy, the steady state

solutions to the model are characterizedby a system ofnonlinear equations (15)

through (19) with five unknowns g; z; l; ~c, and ~e, where ~c ¼ c=y and ~e ¼ e=y:

b½ð1� tKÞfao ~Azða�1Þo þ 1� dk � ¼ gs; ð15Þ

l~cc þ ð1� lÞscH ¼
1� s
y

lð1� tLÞð1� aÞo l

1� l
~cc�1; ð16Þ

~c ¼ 1� ~e� g� ð1� dKÞ
~Azða�1Þo

� ðsE þ sH þ sI Þ; ð17Þ

bfð1� mÞð1� ZÞð1� aÞoð1� tLÞ
g� ð1� dhÞ

g
~e�1

þ m½g� ð1� dhÞ� þ 1� dhg ¼ gs;
ð18Þ

g ¼ B
h
s
Z
E ~e1�Z

i1�m
(

Ds
x
H

dm

ð1� lÞ ~Azafo

)1�m

þ 1� dh; ð19Þ

where ~A ¼ fAs
ð1�fÞa
I go, and o ¼ f1� að1� fÞg�1

. Equation (15)

describes the trade-off between consumption and physical capital invest-

ment. Equation (16) describes the trade-off between learning and working.

Equation (17) is from the household’s budget constraint. Equation (18)

describes the trade-off between consumption and investment in human

capital. Equation (19) follows from the human capital technology.

Qualitative Evaluation

The system of equations (15) to (19) is too complicated to be solved analy-

tically. However, in order to gain some insights of the model, we make

some assumptions about the model’s parameter values and then conduct a

relevant comparative static analysis. Assume labor is inelastic (which

means y ¼ 0), log utility (s ¼ 1), and full depreciation of physical capital,

human capital, and health status (dK ¼ dh ¼ dm ¼ 1). Then, the balanced

growth path is characterized by the following equations:
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g ¼ bð1� tKÞfaofAs
ð1�fÞa
I gozða�1Þo: ð20Þ

oð1� mÞð1� ZÞð1� aÞð1� tLÞ ¼ ð1� bmÞg~e: ð21Þ

g
1

1�m ¼ BDs
Z
Es

x
H ~e1�ZfAs

ð1�fÞa
I gozao: ð22Þ

Let us first examine equation (22). Public health spending, sH , can affect the

balanced growth rate along several margins. The direct positive effect, via

m ¼ D
s
x
H

dm

, can be amplified or offset by general equilibrium adjustments to

z ¼ k

nmh
and ~e. It is more convenient to describe the effects in terms of

elasticity (e). This way we can make a direct comparison of the effects

of public spending or taxes on long-run growth between different public

policies. To describe the effects, take the derivatives of equations (20)

through (22) with respect to sH and by some simplifications, we arrive at

eg; sH
¼ ð1� mÞfxþ ð1� ZÞe~e; sH

þ Zaoez; sH
g; ð23Þ

where eg; sH
is the elasticity of growth rate to public health spending,

e~e; sH
is the elasticity of private spending on education to public health

spending, and ez; sH
is the elasticity of physical capital (relative to effec-

tive human capital) to public health spending. The channels through

which public spending on education, health, and productive investment

affect long-run growth are relatively straightforward, while those of

taxes are more complex. Under the restricted parameter values imposed

earlier, the following propositions describe the relationships.5

Proposition 1: Public health spending, SH, reduces private spending on

education and physical capital (relative to effective human capital).

Moreover, the growth rate is monotonically increasing in SH.

Proof. From equations (20) and (21), it can be shown that

ez; sH
¼ � 1

ð1� aÞo eg; sH
; and ð24Þ

e~e; sH
¼ �eg; sH

: ð25Þ

Substitute equations (24) and (25) into equation (23) to obtain
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dg
dsH

¼ g
sH

xð1� mÞ
1þ ð1� mÞf1� Zþ Za

1�ag
> 0: ð26Þ

Absent of tax increase or spending cuts on education and productive invest-

ments, an increase in sH raises effective human capital, which lowers the

physical capital–effective human capital ratio. Since private education

spending also affects human capital, public health spending operates in the

vein of a substitute to private spending on education.

Proposition 2: When the return to public health spending is higher than

that of public spending on education and productive investment, the

growth effect of public health spending is higher than that of public

education and productive investments.

Proof. From equations (23) to (25), we can obtain

eg; sH
¼ xð1� mÞ

1þ ð1� mÞf1� Zþ Za
1�ag

; ð27Þ

eg; sE
¼ Zð1� mÞ

1þ ð1� mÞf1� Zþ Za
1�ag

; ð28Þ

eg; sI
¼ aoð1� ZÞð1� mÞ

1þ ð1� mÞf1� Zþ Za
1�ag

: ð29Þ

It follows that when x > Z and x > aoð1� ZÞ, eg; sH
> eg; sE

, and

eg; sH
> eg; sI

, respectively. A higher return to public health spending means

that at the margin, public health spending is more productive and thus the

growth rate is higher. To check whether this is possible, let us assign some

plausible parameter values: x ¼ 0.25, Z ¼ 0.6, a ¼ 0.4, and f ¼ 0.3. This

gives o ¼ 1.39. It turns out that it is plausible to have eg; sE
> eg; sH

> eg; sI
.

This implies that if an increase in public health spending is fully financed by

an equivalent reduction in education spending, such a policy will reduce

long-run growth.

Corollary: When health status is a pure consumption good, the growth

effect of public health spending is zero.

When health status is a purely consumption good, x ¼ 0, which implies

that eg; sH
¼ 0. Intuitively, when health is a pure consumption good, it does

not contribute to labor productivity, and hence, there is no effect on growth.
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However, this is not necessarily true when the labor supply is elastic or

when other spending or taxes are changed in response to higher public

health spending. When labor supply is elastic, an increase in public spend-

ing can discourage leisure and raise capital accumulation. Moreover, the

growth effect of a tax increase or spending cuts on education and public

investment could be larger with lower public health spending as both

policies can also affect the labor supply.

Proposition 3: Assuming no spending cut or spending increase, the

growth rate is decreasing in the tax rate. Moreover, the growth effect

of labor income tax is higher than that of capital income tax.

Proof. From equations (20) through (22), it is straightforward to show

that

eg; tK
¼ �

aZð1� mÞ
1� a

tK

1� tK

1þ ð1� mÞ
(

1� Zþ Za
1� a

) < 0; ð30Þ

eg; tL
¼ �

½ð1� mÞð1� ZÞ�2ð1� aÞotL

ð1� bmÞ~eg

1þ ð1� mÞ
(

1� Zþ Za
1� a

) < 0: ð31Þ

For plausible values of ~e and g, jeg; tL
j > jeg; tK

j. Intuitively, a higher labor

income tax rate discourages human capital accumulation as the net return

to human capital is lower. Since the growth is driven by human capital, this

will in turn affect the growth rate at a much higher rate than an increase in

the capital income tax rate. This effect may be amplified when the labor

supply is elastic. Consider for instance when health status and consumption

are substitutes and the labor supply is elastic. An increase in sH will lead to

lower consumption and encourage physical capital accumulation, which in

turn raises growth, albeit it may be small. To further investigate the effect,

we turn to the quantitative analysis of the model.

Calibration

This section outlines the calibration of the model’s parameters. For com-

monly used parameters, their values are borrowed from the literature, while
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for those that are model specific, their values are pinned down to match the

values of other parameters to the data. Each period in our model is assumed

to be one year.

Utility Function

We choose a coefficient of relative risk aversion s¼ 2, a value widely used

in the literature (Lucas 1990; Stokey and Rebelo 1995). The share of con-

sumption in the utility function, l, is chosen to be 0.85, which is borrowed

from Halliday, He, and Zhang (2009). We pin down the elasticity of leisure,

y, equal to �0.26 by setting the amount of time spent on leisure equal to

one-third. According to the American Time Survey in 2008 conducted by

the Bureau of Labor Statistics, the average number of hours per day spent

by the civilian population on sleeping, leisure, and working are 8.3, 4.7, and

8.4 hours, respectively. Assuming that the available time for working and

leisure is 16 hours a day, the 4.7 hours spent on leisure is equivalent to

one-third of the time.

Production Technology

The share of physical capital in production, a is equal to 0.4. The technology

parameter A is normalized to 1. We choose f ¼ 0.25 which implies that the

elasticity of output with respect to investment in infrastructure is 0.10, a num-

ber within the ranges of Garcia-Mila and McGuire (1992) and Holtz-Eakin

(1994). The depreciation rate of physical capital, dk ; is set equal to 0.05.

Human Capital Technology

The elasticity of school quality, 1� m, is set to 0.1. Card and Krueger

(1992) imply the elasticity to be 0.12. We will conduct a sensitivity analysis

for different values of m. As for the depreciation rate, Stokey and Rebelo

(1995) suggest a range of 2 percent to 8 percent for the US data to be

reasonable. We set the depreciation rate equal to 2 percent. We pin down

the value of Z by setting the proportion of private education spending to

output equal to 0.027 as observed in the data. This yields Z ¼ 0.66.

Health Investment

We normalize D ¼ 1 and choose the health expenditure elasticity of health

status equal to 0.25. This is based on the Hall and Jones (2007) estimation of

the elasticity of health expenditure of working-age individuals. The
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depreciation rate of health status is set equal to 0.1 so that health status

almost completely diminishes at the age of 100.

Other Parameters

The growth rate is 2 percent (or g ¼ 1.02), which is based on the average

growth rate of real GDP over the period of 1970–2007 (Penn World Table).

King and Levine (1994) estimate the stock of (market) physical capital to

GDP ratio (k=y) averaged 1.7 over the period 1965–1988. We set the value

equal to 1.8 so that the ratio of consumption to output equals 0.69 as observed

in the data. Since fao ~Azða�1Þo is the same as faoy=k; we can pin down the

value of z: Given the value of z; we obtain b equals 0.974 from equation (15).

The value of human capital technology parameter B is pinned down from

equation (19). The complete description and the values of the parameters are

given in table 1. We then use the system of nonlinear equations (15) through

(19) to quantitatively evaluate the model predictions on the growth rate and

welfare for different public policy parameters and scenarios.

Public Policy Parameters and Scenarios

The labor tax rate, tL; and the capital tax rate, tK ; are both set equal to

35 percent, slightly lower than Lucas (1990). Public spending on education,

health, and productive investment as percentage of GDP are all taken from

NIPA and their values are 0.055, 0.07, and 0.032, respectively.

In response to the rising public health spending, we assume the govern-

ment chooses one out of several alternative policies. The policies are essen-

tially divided into two categories based on whether the increase in public

health spending is partially or fully financed by distortionary policy. The first

policy experiment consists of reducing productive public spending, while

keeping the income tax rates the same. Given the size of public health spend-

ing relative to other government expenditures, it is not reasonable to fully

finance the increase in public health spending with cuts only on education and

infrastructure spending. Here, we assume that for every one percentage point

increase in public health spending with relative to GDP, 0.3, 0.4, or 0.5 per-

centage point is financed through a cut on education and infrastructure spend-

ing, and the rest is through a cut in the lump-sum transfers (or a lump-sum tax

increase). We do not presume that there exists a strict formula to decide how

much the spending cuts on each allocation are. However, their proportions are

determined in such a way so that when public health spending is at 20 percent

of GDP, spending on education and infrastructure are not diminished.
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The second policy, in lieu of cutting productive spending, the increase in

public health spending is partially financed by an income tax rate increase,

while the remaining spending comes from a cut in the lump-sum transfers.

To have a meaningful comparison with the first policy, we assume the same

proportions as in the first policy. In the data, the tax revenues generated

from the 36 percent income tax rates are equivalent to 25 percent of GDP.

Assuming that taxable incomes and GDP are growing constantly at the

same rate, to fully finance an extra one percentage point increase in public

health spending requires an increase by 1.5 percentage points in the income

tax rates. Hence, if 0.3 percentage point increase in public health spending

is financed through taxation, that is equivalent to 0.45 percentage points

increase in income tax rates (table 2).

The third policy is to fully finance the public health spending increase

with higher income tax rates. Alternatively, the increase in public health

spending is fully covered by a simultaneous cut in public education and

infrastructure spending and increase in income tax rates. For every one per-

centage point increase in public health spending, the government reduces

education and infrastructure expenditures by 0.025 and 0.015 percentage

points, respectively. The rest is financed through an increase in income tax

rate by a 0.9 percentage points (0.6 times 1.5). Table 3 describes the com-

bination of public expenditures and income tax rates. As a benchmark is a

lump-sum cut policy in which the government chooses a nondistortionary

policy of reducing lump-sum transfers.

Table 1. Baseline Parameter Values

Parameter Description Value

s CRRA coefficient �2
l Share of consumption in utility 0.85
y Elasticity of leisure �0.26
c Elasticity of substitution b/w cons. and health �1
a Share of physical capital 0.4
f Share of productive public investment 0.25
m Elasticity of human capital 0.8
Z Share of public spending 0.66
x Elasticity of health investment 0.25
dk Depreciation of physical capital 0.05
dh Depreciation of human capital 0.02
dm Depreciation of health status 0.1

Note: CRRA ¼ Constant relative risk aversion.
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Quantitative Evaluation

This section quantitatively assesses the growth and welfare effects of alter-

native policy scenarios. We also evaluate the extent to which the role of

Table 2. Policy Parameters When One Percentage Point Increase in Public Health
Spending with Relative to GDP Is Partially Financed (0.3 Percentage Point, 0.4 Per-
centage Point, 0.5 Percentage Point) by a Reduction in Spending on Education and
Infrastructure or a Tax Increase

Public health
spending (% GDP)

Policy 1

Education
(% of GDP)

Infrastructure
(% of GDP)

Policy 2
Income tax rates (%)

0.3% 0.4% 0.5% 0.3% 0.4% 0.5% 0.3% 0.4% 0.5%

7 5.5 5.5 5.5 3.2 3.2 3.2 35.00 35.00 35.00
8 5.3 5.25 5.2 3.1 3.05 3.0 35.45 35.6 35.75
10 4.9 4.75 4.6 2.9 2.75 2.6 36.35 36.8 37.25
12 4.5 4.25 4.0 2.7 2.45 2.2 37.25 38 38.75
14 4.1 3.75 3.4 2.5 2.15 1.8 38.15 39.2 40.25
16 3.7 3.25 2.8 2.3 1.85 1.4 39.05 40.4 41.75
18 3.3 2.75 2.2 2.1 1.55 1.0 39.95 41.6 43.25
20 2.9 2.25 1.6 1.9 1.25 0.6 40.85 42.8 44.75

Table 3. Policy Parameters When one Percentage Point Increase in Public Health
Spending with Relative to GDP Is Either Financed by a Joint Reduction in Productive
Spending (Education and Infrastructure) and Increase in Tax or Exclusively by a Tax
Increase

Health spending
(% GDP)

Policy 3: Mixed policy
Policy 4: tax only

Tax rates
(% of GDP)

Education
(of GDP)

Infrastructure
(% of GDP)

Income tax
rates (%)

7 35.00 5.50 3.20 35.00
8 35.90 5.25 3.05 36.5
10 37.70 4.75 2.75 39.5
12 39.50 4.25 2.45 42.5
14 41.30 3.75 2.15 45.5
16 43.10 3.25 1.85 48.5
18 44.90 2.75 1.55 51.5
20 46.70 2.25 1.25 54.5
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health status, whether as a pure consumption or a productive good, may

amplify or reduce the effects. Welfare is defined as the expected lifetime

utility, and the welfare effect is calculated as percentage change in welfare

from the initial level when public health spending is at 7 percent of GDP. Fig-

ure 1 depicts the effects when a reduction in productive spending or an increase

in income tax partially finances the rising public health spending and the

remaining financing comes from a lump-sum transfer cut. Figure 1 panel (a)

shows that a spending cut policy results in a monotonically decreasing of

growth rate and welfare. Moreover, the greater the spending cut, the higher

is the negative effects on both growth rate and welfare. To finance public health

spending at 20 percent of GDP, a spending cut policy reduces the growth rate

from 2 percent to 1.5 percent and decreases welfare by 10 percent.

Figure 1 panel (b) shows the effects on growth and welfare when the par-

tial funding comes from a tax increase instead of productive spending cut.

Figure 1. The growth, leisure, and welfare effects of rising public health spending
financed partially by a productive spending cut or a tax increase (— ¼ 30 percent
spending cut/tax increase; �þ� ¼ 40 percent spending cut/tax increase; ¼
50 percent spending cut/tax increase)
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The results indicate that a tax increase policy is less damaging to growth and

welfare than a spending cut policy. One of the contributing factors to the

less-responsive effect of a tax increase on growth is the labor supply. In the

tax increase policy, leisure relatively remains constant which contributes to

the lower effects on growth and welfare. This means that as health status

gets improved, due to higher public health investment, the marginal product

of labor increases, which raises the wage income and makes leisure, is

almost as preferable to working at the margin. However, as income tax rate

reaches at a higher rate, leisure is slightly more preferable.

Figure 2 describes the results when the rising in public health spending is

fully financed by lump-sum cut/tax, an income tax increase, or a combina-

tion of productive spending cut and income tax increase. It turns out, the

results analytically derived in Qualitative Evaluation section under special

values of parameter hold for a more general case. In the absence of a

Figure 2. The growth, leisure, and welfare effects of rising public health spending
financed fully by a lump-sum cut, an income tax increase, or a combination of tax
increase and spending cut policy (— ¼ Lump-sum transfer cut; �þ� ¼ Tax
increase; ¼ A mixed spending cut and tax increase)
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productive spending cut or/and a tax increase, the growth rate is increasing

monotonically in public health spending. The rise in public health spending,

which improves health status and raises productivity, not only increases

working time but also makes investment in physical capital more attractive

than consumption as indicated by the decrease in consumption as public

health spending increases. When public health spending is at 20 percent

of GDP and fully financed by lump-sum cut, consumption decreases from

69 to 58 percent of GDP.

The results in figure 2 also indicate that a policy that combines spending

cut and income tax increase produces the largest effect on the long-run

growth. Intuitively, the combined policy of reducing productive spending

and raising income tax rates may produce the worst effect on growth and

welfare as two productivity-enhancing expenditures are reduced, while a

higher tax rates further discourages physical capital accumulation. This

goes along with the previous results, which show that a policy that reduces

productive public spending is more detrimental to growth than a tax

increase policy.

Given the model assumptions and parameters, our policy experiments

attempt to quantitatively assess as to what extent the effect of the combined

policy is different from other (less) distortionary policies or a completely

nondistortionary policy (benchmark policy). The results show that simulta-

neously raising tax rates from the initial rate of 35 percent to 46.7 percent

and cutting spending on education and infrastructure to 2.25 and 1.25 per-

cent of GDP to finance public health spending at 20 percent of GDP reduces

the growth rate from 2 percent to 1.5 percent. Meanwhile, raising income

tax rates from 35 percent to 54.5 percent to fully finance public health

spending at 20 percent of GDP only decreases the growth rate from 2 to

1.9 percent. Under the benchmark policy, the growth rate increases from

2 to 2.22 percent when public health spending is at 20 percent of GDP.

These results, again, suggest that a reduction on productive spending is

more harmful to growth than is a tax increase policy.

Unlike in the previous case where a tax increase only supplements lump-

sum transfer cut, when the public health spending is fully financed by taxa-

tion, changes in the growth rate is negative. The reason for this negative

effect, again, lies in the elasticity of labor supply. Since higher health spend-

ing increases productivity, the higher tax rates are compensated by a higher

rental rate of capital and wage. However, as the returns to health investment

diminish, the effect of the tax rate increase begins to reduce the growth rate.

When labor supply is assumed to be inelastic, the negative growth effect of

a tax increase cancels out with the positive growth effect of public health
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spending. Hence, the overall growth effect of a tax increase policy, in

response to rising public health spending, is negligible. In our experiment,

when labor supply is inelastic, raising income tax rates to 54.5 percent, from

36 percent, reduces long-run growth by only 0.03 percentage point.

It is plausible to construct a model that will produce a large effect of a tax

increase on growth. One way to do that is by having physical capital among

the inputs in the production of human capital as in King and Rebelo (1990).

However, we take Lucas’s (1990) approach because its prediction of the

negligible effect of a tax reform on growth is supported by evidence. As for

the welfare effect, the lump-sum cut policy produces the largest among the

three policy scenarios, while a tax increase has the lowest effect. The intui-

tion for this result is that in lump-sum cut/tax policy, the rapid decline in

consumption and leisure outweighs the increase in the growth rate and

health status, whereas in tax increase policy, the decrease in consumption

and growth is followed by an increase in leisure. In the absence of leisure

in the model, the welfare effects among the three policy scenarios are not

considerably different from each other.

Health as a Pure Consumption versus Productive Good

We are conducting experiment in which health is purely a consumption

good and has no affect on productivity. Hence, public health spending

enters the model only through the utility function. Besides gaining more

understanding about the model’s prediction, this is also motivated by the

fact that about 40 percent of public health spending goes to Medicare and

35 percent to Medicaid. On the latter, around 75 percent of the spending

goes to children, disabled, and aged individuals. It is then reasonable to

assume that public health spending contributes less to the productivity of

workers. Instead, it is more a consumption good.

All of the values of relevant parameters are still the same as in table 1.

The results are shown in figure 3. As in the previous case, where health

is a combination of productive and consumptive good, a policy that reduces

expenditures on education and infrastructure and also raises the income tax

rate results in a larger growth effect. Simultaneously raising income tax

rates to 46.7 percent and reducing education and infrastructure

expenditures to 2.25 and 1.25 percent of GDP to finance the public health

spending at 20 percent of GDP lowers the growth rate from 2 percent to

1.3 percent. The effects on labor supply are not different from the case

in which health is also a productive good. Meanwhile, welfare decreases
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by a larger percentage compared to the case in which health is both con-

sumption and productive good.

Alternatively, we assume health status only affects productivity and util-

ity is derived only from consumption and leisure. This can be done by set-

ting l ¼ 1. In terms of growth effects, the results are not different from the

model in which health status affects both preferences and productivity.

However, there is a big difference on the welfare effect. For all policy sce-

narios, welfare decreases by a larger percentage. This is because the policies

cause consumption, leisure, and growth rate to decrease, while the utility-

enhancing public health spending is removed from the model.

Would the results be different if health status (mt), instead of public

health spending (Ght), is put in the utility function? Since Ght is always big-

ger than mt for any output level, Yt, one way to assess whether they would be

considerably different or not is to compare the results of the policy

Figure 3. The growth and welfare effects of rising public health spending under sev-
eral public policy responses when health is pure consumption versus productive
good (— ¼ Lump-sum transfer cut; �þ� ¼ Tax increase; ¼ A mixed spend-
ing cut and tax increase)
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experiments when the public health spending is excluded from the utility

function to case when public health spending is included in the utility func-

tion. By comparing figure 2 panel (a) and figure 3 panel (b), our policy

experiments indicate that it only matters for welfare, which decreases by

a larger percentage when Ght is excluded from the utility function, while

changes in the growth rates are not different in both cases.

Sensitivity Analysis

Do the preceding results hold under different parameter values? To assess it,

we focus on policies that fully finance the public health spending and also

concentrate on critical parameters. One such parameter is the elasticity of

public health spending (x). A higher x implies that a higher public health

spending would increase productivity by a higher rate. Consequently, an

increase in public health spending could offset or outweigh any negative

effect of a tax increase or a spending cut, or a combination of both. Hence,

the effects on growth and welfare would be larger than in the case of a lower

x. It turns out, while the growth rate effects are higher for a lower x, and vice

versa, the effects are not considerably different from those of the baseline

parameter values. Similarly, changes in welfare are also small for different x.

Another parameter value that can be sensitive to the result is the returns

on education spending (1 � m). For lower m, the growth and welfare effects

of public spending on education are higher as investment in human capital,

the main driver of growth, becomes more rewarding than physical capital.

This will make a productive spending cut more sensitive to growth and wel-

fare than a tax increase. Figure 4 shows that the differences in the growth

effects of the three policies are larger for a smaller value of m. However, the

welfare effects are slightly different. For a lower value of m, a mixed policy

results in the largest welfare change, while for a higher value of m, a lump-

sum transfer cut produces the largest welfare effect for. The latter is because

such policy lowers consumption and leisure by a larger percentage than the

other two policies.

Conclusion

This article studies the effect of rising health care spending in an endogen-

ous growth framework. Public health spending simultaneously increases the

amount of effective labor that an economic agent can provide and raises his/

her utility. In turn, the rising public health spending must be financed by

cutting public expenditures on education and infrastructure, raising income
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taxes, or both. We conduct three policy experiments by assuming that the

rising public health spending is financed fully by (1) lump-sum cut/tax,

(2) income tax increase, and (3) a combination of productive spending cut

and higher income taxes. The model assumes the agent invests in his/her

human capital, which drives the long-run growth.

The quantitative analysis of the model using several policy scenarios

shows that as long as health spending affects labor productivity, a policy

that reduces public education and infrastructure expenditures or raises

income taxes to finance the rising public health spending reduces the

growth rate minimally. If the provision of public health spending is merely

aimed at increasing utility of the agent, such a policy affects the long-run

growth considerably. Among three policy experiments, a policy that com-

bines a spending cut and tax increase produces the largest negative effect

on growth, while a lump-sum cut policy results in the largest decrease in

welfare. In all experiments, changes in growth and welfare are smaller in

the tax increase policy. Moreover, the nature of labor supply, whether it

is elastic or not, minimally affects the results.

Figure 4. The growth and welfare effects of rising public health spending under sev-
eral public policy responses for different values of m (— ¼ Lump-sum transfer cut;
�þ� ¼ Tax increase; ¼ A mixed spending cut and tax increase)
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Notes

1. The data are taken from the National Income and Product Accounts (www.bea.gov).

On state level, what happens to the state of California can be a good example. Faced

with budget crisis, the state cut its expenditures on education and transportation for

fiscal year of 2008/2009, compared to those of 2006/2007, by almost 15 percent and

5 percent, respectively (http://2008-09.archives.ebudget.ca.gov).

2. We take the increase in government spending on health exogenously and do not

attempt to explain why the spending has increased so much. Jones (2004) lists

several studies that have investigated the contributing factors to the rising

spending, which includes aging, advancement in health technology, increased

health insurance premium, increased income, and supplier-induced demand for

medical care.

3. Spending on infrastructure, public safety, and so on, are considered productive

public investment. Throughout this article, we use productive public spending

or productive spending to refer to public spending on education and

infrastructure.

4. We abstract from private health spending in order to focus the analysis on the

effect of public health spending on growth and welfare, given the policies of

reducing productive spending on education and infrastructure or raising income

tax rates. Long-run growth in our model is driven by investments in human cap-

ital through public and private spending on education. Hence, adding private

health spending in health technology would minimally affect the model if the

spending does not directly affect human capital investment. (It could indirectly

affect human capital via health status if the latter is explicitly included in the

human capital technology. However, we rule this out in our model). On a similar

approach, but different context, Tobing (2011) examines the long-run growth

effect of changes in income tax rates and public spending on education when pri-

vate investment is included in the human capital technology. The author finds

that as long as private spending on education affects human capital accumulation

directly, changes in income tax rates and public spending on education affect

growth nonnegligibly.
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5. For the following qualitative exercises, we assume that all distortionary changes

in government policy are being compensated by changes in the nondistortionary

tax/subsidy.
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