Optimal Financing by Money and Taxes
of Productive and Unproductive Government Spending:
Effects on Economic Growth, Inflation, and Welfare
by

David Alan Aschauer*

Working Paper No. 241

July 1998

*Elmer W. Campbell Professor of Economics, Bates College and Research Associate, The Jerome Levy
Economics Institute



L. Introduction

This paper contains an investigation of the effects of different means of financing government
spending on economic growth, inflation, and welfare. In this setting, two different types of
government spending are considered: productive expenditures which provide services to the private
sector in its production activities; and unproductive expenditures which have no direct influence on
the private economy. In turn, two different forms of finance are considered: proportional income
taxation; and money creation.

The primary result of the paper is, perhaps, striking in its simplicity. Specifically, we find that optimal
public finance requires productive government expenditure to be financed by money creation and
unproductive government expenditure by income taxation. Within the model structure--a
representative agent, endogenous growth model with money introduced via a cash-in-advance
constraint--the basic result is robust to changes in the values of all underlying model parameters such
as the intertemporal elasticity of substitution in consumption, the rate of time preference, and the
output elasticity of public services.

The paper proceeds as follows. Section II contains a brief description of the model. Section III
presents the economic equilibrium, while Sections IV and V compare the effects of financing
productive and unproductive expenditures, respectively, by taxation and money creation. Section VI
brings together the previous sections and considers the joint financing of government expenditures
by taxation and money creation. Section VII concludes the paper and points to directions for future
research.

I1. Model Description

A. Modeling the Economy: Endogenous Growth

We are primarily concerned with the impact of government policies on the economy in the long run.
Consequently, the analysis must revolve around a growth model in which such policies are capable
of affecting either the long run level of output or the long run growth rate of output. One candidate

framework for analysis is the neoclassical growth model of Solow (1956), in which growth is driven
by exogenous factors such as population growth and technological change; another is the new growth
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model of Romer (1986), Lucas (1988), and Barro (1990), in which growth is determined
endogenously. In the former model, a permanent change in government policy is likely to have a
permanent effect on the long run level of output, while in the latter model such policy is likely to have
a permanent effect on the long run rate of economic growth.

While the choice of the appropriate model is best determined by the available empirical evidence, such
evidence is fairly inconclusive. The empirical work in this area--which has burgeoned in recent years-
-tends to reject a simple form of the neoclassical growth model which focuses on physical capital
accumulation, but is not incompatible with an “augmented” neoclassical growth model which, in
addition, includes Auman capital (as in Mankiw, Romer, and Weil (1992)). Still, there is a strand of
literature regarding the long run effects of government policy actions--particularly fiscal policies--
which favors the endogenous growth model. Specifically, Kocherlakota and Yi (1996) show that
permanent changes in certain forms of government expenditures (e.g., education spending and
physical capital spending) have an impact on long run economic growth. Using a different approach,
Aschauer (1997) presents evidence that permanent changes in the stock of public capital as well as
changes in flow government spending affect the long run growth rate. We follow this empirical
literature and construct a endogenous growth model with government spending financed by taxation
and money creation.

B. Modeling the Public Sector: Financing Productive and Unproductive Spending by Money Creation
and Taxes

In recent research on the impact of public sector behavior on the economy, a number of authors have
made a crucial distinction between productive and unproductive government expenditures. In
particular, productive expenditures, such as education, research and development, job training, and
physical infrastructure, are taken to positively affect the efficiency of private sector production. On
the theoretical front, Barro (1990) considers the role of government spending in a simple endogenous
growth model. His basic result is that productive government spending, financed by a proportional
income tax, will maximize economic growth and welfare when the output share of productive
government spending, v, is set equal to the output elasticity of such spending, . In this context,
either a lower (y < o) or higher (y > a) level of government spending acts as a drag on economic
growth; in the former case because of insufficient government services, and in the latter case because
of an excessive level of taxation. Turnovsky and Fisher (1995) investigate the composition of
government expenditures and its consequences for macroeconomic performance in a neoclassical
growth model. One of their main findings is that, to a first approximation, the marginal resource cost
of productive government spending (i.e., public infrastructure) should be set equal to unity (or its
resource cost)--another way of stating the Barro rule of y = a.

There is a large and expanding literature on the empirical front as well. Aschauer (1989, 1990)
initially brought attention to the potential importance of public capital in private production, with
estimates of the output elasticity of public capital in the range of .35 to .40 in the United States over
the post-World War II period. Later work has yielded mixed results. Lynde and Richmond (1993),
Fernald (1993), Finn (1993), and Kocherlakota and Yi (1996) obtain results which are generally



supportive of Aschauer’s original estimates, while others, such as Evans and Karras (1994), present
findings which leave little or no room for a direct positive impact of public expenditures on private
sector production.

In work which is particularly relevant to the analysis contained in the current paper, Aschauer (1997)
uses data for the U.S. states over the period from 1970 to 1990 and estimates the output elasticity
of flow government expenditures in a non-linear, endogenous growth model to be in the range of .04
and the output elasticity of the stock of public capital in the range of .33. = We will follow these
empirical results and assume that a significant portion of total government expenditures is of the
productive form.

The total level of government expenditures needs to be financed in one fashion or another. In the
above-mentioned papers, when the method of financing is made explicit, government spending is
typically supported by use of lump-sum or income taxation. The focus of attention in the present
paper, however, is on the relative importance of taxation and money creation in financing public
expenditure. In a recent paper, Palivos and Yip (1995) carefully work out the effects of money
versus tax finance of public expenditure in an endogenous growth model, but limit themselves to the
case of unproductive government spending.' We, instead, allow for both productive and
unproductive government spending.

C. Modeling Money: The Cash-in-Advance Constraint

The main obstacle to rationalizing the holding of money by economic agents is that it is a rate of
return dominated asset; other assets, such as bonds, yield a positive return and, therefore, are superior
to money in acting as a store of value. Economists have devised a number of ways to overcome this
obstacle in order to introduce money into an economic model. For instance, in Sidrauski (1967),
money is allowed to yield a direct flow of utility services. In McCallum (1989) money is taken to
reduce “shopping time” and, as a consequence, to increase leisure time. In the present model, we
follow the cash-in-advance approach initiated by Clower (1967) which requires that the purchase of
goods takes place through the use of money.

Once the cash-in-advance approach has been adopted as the method for introducing money into the
analysis, a basic question arises: to what set of purchases should the constraint apply? In Lucas
(1980), the set of purchases is comprised of consumption goods; in Stockman (1981), the set of
purchases includes consumption and investment goods. The distinction between these two
approaches is hardly without significance. In the former approach, the economy essentially
dichotomizes into a real and monetary sector and money is superneutral--that is, changes in the
growth rate of the money supply per se have no impact on the rate of economic growth. In the latter
approach, however, the real and monetary sectors become intertwined and changes in the pace of
money creation have an important effect on capital accumulation and economic growth.

One way of choosing between the two approaches is to look to the empirical evidence pertaining to
the impact of money growth on long run economic growth. In an exhaustive analysis of 62 countries



over the period from 1979 to 1984, Dwyer and Hafer (1988) estimate a very small, though negative,
relationship between real output growth and money growth; specifically, in a univariate regression
of real output growth on money growth, the coefficient on the latter variable is estimated as -0.018
(s.e. .009). Thus, a 10 percentage point increase in the money growth rate is estimated to modestly
reduce annual economic growth from a sample average of .026 to .024. In a more recent analysis,
Barro (1997) makes use of data for 109 countries over the period from 1960 to 1990 and similarly
finds a small effect of money growth and inflation on real output growth; in particular, a 10
percentage point increase in the inflation rate is estimated to reduce the annual growth rate of per
capita real output from a sample average of .022 to .020. Again, on purely statistical grounds, this
relationship is rather weak.

In light of this evidence, it would seem that the appropriate modeling strategy for this paper--which
is pointed toward an analysis of alternative government financing schemes in the long run and for a
country such as the United States which, historically, has experienced a relatively low rate of
inflation--is one in which money is essentially superneutral. As a consequence, we will assume that
the cash-in-advance constraint applies to consumption purchases and that, by implication, the
financing of private investment purchases is accomplished through the use of alternative credit
instruments.

D. Model

We now describe, in equation form, the explicit model used in this paper. We assume an infinitely-
lived representative agent with preferences over current and future consumption given by
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where u = utility, ¢ = consumption, p = a constant rate of time preference, and ¢! = a constant
intertemporal elasticity of consumption.”> The agent seeks to maximize utility subject to a flow
budget constraint as given by

c+k+m+mm=(1-1)y )

where k = private capital, m = holdings of real money balances, y = output, T = a proportional tax rate
onincome, T = the rate of price inflation, and a dot refers to a time derivative. Evidently, the agent
may dispose of after-tax income by consuming, investing in capital, or by acquiring real money
balances. In the present setting output is produced via the private sector production technology
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where A = a productivity index and g, = productive government expenditures such as education,
worker training, research and development, and infrastructure. Labor input is taken to be inelastically
supplied and is normalized to unity--thereby equating output and output per worker. We follow
Barro (1990) by assuming that the production function exhibits constant returns to scale in capital
and productive public expenditures.

In addition to the budget constraint in (2) and the production technology in (3), the choices of the
representative agent are limited by a cash-in-advance constraint

cs<m C))

so that, in effect, the agent must have accumulated a sufficient level of real cash balances in order to
consume at a particular level at any particular point in time.

The total level of government spending, g, is given by
8§ =8, *8, (5)

where g, = unproductive government spending such as defense spending. Finally, the government
budget constraint, which equates total government spending to the sum of the revenue from money
creation and from income taxation, is

g = pm+ Ty (6)

where p = rate of monetary expansion and where we have combined the (potentially) separate budget
constraints of the central bank and government treasury.

111. Equilibrium

The model equilibrium is attained through: solving the agent’s problem of maximizing utility (1)
subject to the budget constraint (2) and the cash-in-advance constraint (3); manipulating the resulting
first-order conditions; and, finally, imposing various market-clearing and balanced growth conditions.
After these steps are accomplished, the equilibrium is described by the following set of equations:



1 a

- l@-o-aaTEy 0 op) (7)
c g
L
¢+ k= (l-yra eyl (®)
6:3:5:&:2:3:&:& (9)
c kK m y g g g,

ﬁ—P‘W 10
- (10)

(1)

=~|o

B (2 () L
(1-0)(p~(1-0)6)

(12)

Equation (7) determines the growth rate of consumption as proportional to the difference between
the after-tax marginal product of private capital and the rate of time preference, with the factor of
proportionality given by the intertemporal elasticity of consumption. In this expression, y, =
productive government expenditure expressed as a ratio to private sector output. We note that, as
in Barro (1990), the after-tax marginal product of private capital, given by

1 o
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is increasing (at a decreasing rate) in the ratio of productive government spending to output, v, but
decreasing in the income tax rate, t. Importantly, the after-tax marginal product of private capital



and the growth rate of consumption are independent of the money growth rate, reflecting the
superneutral nature of money in the model.

Equation (8) is an equilibrium condition for the goods market; consumption and private capital
accumulation are constrained by output net of government spending, where y = total government
spending as a ratio to output. Equation (9) is a balanced growth condition which implies constant
output ratios of consumption, private capital, money balances, and total, productive, and
unproductive government expenditure. Equation (10) is an equilibrium condition in the money
market; since, in addition, the growth rate of real money balances equals the growth rate of output,
this equation determines the rate of inflation as © = p - 6. Equation (11) is the cash-in-advance
condition--which is assumed to be binding in the subsequent analysis. Finally, equation (12) is the
representative agent’s utility function (apart from a constant term) in the balanced growth equilibrium
which is obtained by substituting the constant growth rate of consumption as expressed in equation
(7) into the utility function as given by (1) and integrating with respect to time.’

IV. Productive Government Spending

In this section, we assume that all government spending is productive, so y = y,, and investigate the
relative impacts of money and tax finance.

A. Results with Money Finance [t = 0]

The financing of government spending by money creation yields the following expression for the rate
of economic growth:

o
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Clearly, growth is increasing in y,. The initial level of consumption, in turn, is given by

1 [
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(14)

which, depending on the values taken on by various parameters, can be verified to rise or fall in
response to an increase in y,. We note that in this expression we have imposed, without any loss of
generality, the condition that the initial stock of private capital is unity, or k(0) = 1. We will maintain
this condition for the remainder of the paper.

The corresponding rate of inflation is given by
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where the rate of money growth is determined as
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Evidently, there are a variety of effects of an increase in y, on the rate of inflation. Note, in
particular, that an increase in government spending raises economic growth which, in turn, has an
ambiguous effect on inflation. Given the money growth rate, a rise in output growth directly lowers
the inflation rate. At the same time, however, the rise in output growth requires a shift in resources
from consumption to investment which, in turn, has the effect of lowering the level of money balances
and thereby necessitating a rise in the rate of money growth to finance government spending. This
latter effect raises the inflation rate.

Despite the fact that economic growth is increasing in v, it is easily verified that the utility-
maximizing value of y, occurs where y, = a. To verify this point, we substitute ¢,(0), as given by
equation (14), into the representative agent’s utility function, as given by equation (12), and
differentiate with respect to 8,, to obtain

1 o
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In this expression, ¢,(0) and (p - (1-0)-0,,) are assumed legitimately to be positive in order to ensure
an economically meaningful equilibrium in which utility is positive (which rationalizes the former
assumption) yet bounded (which rationalizes the latter assumption). Thus, since economic growth
is increasing in y,, the maximization of utility requires y, be set equal to a.

B. Results with Tax Finance [p = 0]

The financing of government spending by taxes requires T = Y, and implies that economic growth is
given by
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Here, economic growth is increasing in y, for y, < «, achieves a maximum at y, = «, and is
decreasing in y, for y, > «.. This finding, which extends that of Barro (1990) from a non-monetary
t0 a monetary setting, primarily arises as a result of the superneutral nature of money in the present
model.

The initial level of consumption is given by
1 o

0 = (L-yyA "oy - 6, - (19)

which, depending on the values of the various parameters of the model, may be an increasing or
decreasing function of y,. The rate of inflation is given by

T = -8 (20)

which is decreasing in y, for y, < e, achieves a minimum at y, = &, and is increasing in y, for y, >
o.

It can be verified that the utility-maximizing value of v, is equal to .. Following the same procedure
as in the case of money finance, we find

1 o
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which is positive for 0 <y, < 1. Thus, since economic growth is maximized at y, = &, s0 too is the
utility of the representative agent.

C. A Comparison of Results

In this subsection, we compare the impacts of money and tax finance of productive government
spending on economic growth, initial consumption, inflation, and welfare.

1. Economic Growth

A comparison of equations (13) and (18) indicates that the difference between economic growth rates
in the cases of money and tax finance is given by

=
l-a
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and so the growth rate is unambiguously higher under money finance than under tax finance. The
reason, of course, is straightforward. The financing of a higher level of productive government
spending requires either a higher rate of money growth or a higher tax rate. While a higher rate of
money growth has no effect on the economic growth rate (as in equation (13)), a higher tax rate has
an adverse effect on the economic growth rate (as in equation (18)).

Figure 1 shows a comparison of economic growth rates under money and tax finance where we
adopt the following parameter values: A = .11, @ = .05, p = .04, and 0 = 1. These particular
parameter values are chosen in order to generate a reasonable range of economic growth rates.*
Evidently, the annual economic growth rate rises sharply from initial values of -p =-.04 fory, =0
to .039 (under money finance) and .035 (under tax finance) for y, = «. The difference between the
two growth rates, which continues to rise to a high of nearly .10, is primarily due to a significant drop
in economic growth under tax finance.

2. Initial Consumption

_The difference between the initial levels of consumption under money and tax finance is obtained
through a comparison of equations (14) and (19), and is expressed as

cy0) - ¢(0) = 6; - 8, (23)

The negative differential between levels of initial consumption is a direct result of the positive
differential between rates of economic growth. Thus, we see that the choice between money and tax
finance is ultimately a choice between current and future consumption; specifically, money finance
is neutral with respect to the current/future consumption mix, while tax finance favors current
consumption by reducing the net return to capital accumulation and the rate of economic growth.

3. Inflation

The difference between the inflation rates under money and tax finance can be shown to equal

T = = i a ) - ) (24)

which, in general, takes on an ambiguous sign. For example, the inflation differential tends to be
higher the lower the initial level of consumption or the lower the intertemporal elasticity of
consumption. This is because a higher level of productive government spending, under money
finance, is then associated with a relatively low level of real money balances and requires a relatively
high rate of money creation to meet the requirements of the government budget constraint. However,
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Figure 1:
Economic Growth under Money and Tax Finance
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Figure 2:

Inflation under Money and Tax Finance
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for reasonable parameter values, the inflation differential is positive and increasing in vy, Figure 2
indicates that an attempt to finance government spending through money creation leads to a hyper-
inflationary situation (defined here as an annual inflation rate in excess of 1.00) for levels of
government spending in excess of 50 percent of output.

4. Welfare
The discussion surrounding equations (17) and (21) established that the utility of the representative

agent is maximized at y, = & under each financing scheme. We now demonstrate that the level of
attained utility at y, = o is higher under money finance than under tax finance, or

Uy -~ up >0 @ Y, = o (25)

Substitution of the initial level of consumption, expressed as a function of the economic growth rate,
into the utility function (12) and differentiating with respect to 9 yields

[

Yy, *-p-06) 26)
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which implies that utility is maximized when economic growth equals

o

1
8" = Z((1-y)ya TRy, " p). @

Inspection of equations (13), (18), and (27) then indicates that the utility-maximizing economic
growth rate can be supported under money finance with y, = o but cannot be supported under tax
finance.

V. Unproductive Government Spending

In this section, we assume that a portion of government spending is exogenously determined and
unproductive, s0 y = Y, + Y, and, as before, consider the relative impacts of money and tax finance.

A. Results with Money Finance [t = 0]

The financing of government spending by money creation yields the following expression for the rate
of economic growth:
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Clearly, growth is increasing in v, and is unaffected by y,. The initial level of consumption, in turn,
is given by

1 o

ey = (L-yrA =y, " - 6, 29)

which can be shown to rise or fall in response to an increase in y, and to fall in response to a rise in
v.. The corresponding rate of inflation is given by

Ty =1 - By (30)

where the rate of money growth is determined as

== ). (1)

(L-y)A Ty, ™ - 8,)

As in the prior case, where all government spending was taken to be productive, there are a variety
of effects of an increase in y, on the rate of inflation. However, an increase in y, unambiguously
raises the money growth rate in equation (31) and, by implication, raises the inflation rate in equation
(30).

It is straightforward to show that the utility-maximizing value of y, now occurs where y, = o - v,.
To verify this point, we substitute ¢,(0), as given by equation (29), into the representative agent’s
utility function, as given by equation (12), and differentiate with respect to 6,, to find:

1 o

du_ (O Ha-yra Ty (32)
d8,, o(p-(1-0y8,)

For a given value of y,, the maximization of utility requires y be set equal to «, from which it follows
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that v, be set equal to o - v,.
B. Results with Tax Finance [p = 0]

The financing of government spending by taxes requires © = y and implies that economic growth is
given by

1 o

6, = S((L-y)y(1-ayA "5y, " -p) | (33)
o p

Here, economic growth is increasing in vy, for y, < a-(1 - v,), achieves a maximum at v, = a(1 - v,),
and is decreasing in y, for y, > (1 - v,). Further, the economic growth rate is decreasing in vy,

The initial level of consumption is given by

i [+

c0) = (1-y)A 1%y, ™® -8, (34)

which, depending on the values of the various parameters of the model, may be an increasing or
decreasing function of v, and v,. The rate of inflation is given by

np = -0; (35)
which is decreasing in y, for v, < a-(1 - v,), achieves a minimum at y, = a-(l - v,), and is increasing
iny, fory,>a:(1l-v).

Using the previous procedure, it can be shown that the utility-maximizing value of y , is equal to a-(1
- Y- Specifically, we find

1 o

du _ (eO) e (l-yya oy (36)
a6, o(p-(1-0)8p

which is positive for 0 <y < 1. As the economic growth rate is maximized at y, = (1 - v,), the
same can be said for utility.

C. A Comparison of Results

In this subsection, we compare the impacts of money and tax finance of government spending on
economic growth, initial consumption, inflation, and welfare.
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1. Economic Growth

A comparison of equations (28) and (33) indicates that the difference between economic growth rates
in the cases of money and tax finance is given by

a

_ (-apyA TRy
g

L
1-a

(37

6M'er

and so the economic growth rate remains unambiguously higher under money finance than under tax
finance.

2. Initial Consumption

The difference between the initial levels of consumption under money and tax finance is obtained
through a comparison of equations (29) and (34), and is expressed as

c(0) - ¢{0) = 8, - 6,,. (38)

As in the previous section, the negative differential between levels of initial consumption is a direct
result of the positive differential between rates of economic growth. We see, again, that the choice
between money and tax finance can be viewed as fundamentally a choice between current and future
consumption. :

3. Inflation

The inflation rate differential under money and tax finance can be shown to equal

_ _ (eM'eT). (0] _
M - s (G T W) (39)

which duplicates equation (24), where government spending was limited to productive spending.
Consequently, the inflation differential continues to take on an ambiguous sign without additional
restrictions being placed on the various model parameters.

4. Welfare

14



In general, the attained level of utility may be higher or lower under money than under tax finance of
government expenditure. However, clear results can be established for two specific cases where we
set the total level of government expenditure at a certain level of output, y = w.

(a) all government spending is productive, y, = 0, y, = ¢ = w. This case is merely a restatement of
the results of the previous section. Money finance dominates tax finance in this case, and

Wy - up >0 @y,=0,y, =a=w - (40)
P

(b) all government spending is unproductive, y, = w, y, = & = 0. Tax finance dominates money
finance in this case, and

Uy, - up <0 @y,=w vy, =0a=0 (41)
P

To establish this result, we use the same procedure as in the previous section and differentiate the
utility function, expressed as a function of 0, to obtain

du (o)

® ooy AP0 “2)

which implies that utility is maximized when economic growth equals
* 1
6™ = ;-((1 -w)A-p) (43)

which can be supported under tax finance with T = w but not under money finance.

The reasoning behind the contrasting results in these two cases has been discussed by Barro (1990)
and Palivos and Yip (1995). Government spending, whether productive (as in Barro (1990) in a
model without money) or unproductive (as in Palivos and Yip (1995) in a model with money)
involves an externality which, depending on the situation, may or may not need to be internalized by
the use of taxes. The decision by the representative agent to increase (or decrease) private output
by a unit carries with it the public sector response of an increase (or decrease) in government
spending by w units. In the case of productive spending, with the government setting the level of
spending in an optimal fashion at y, = ¢ = w, money finance yields the proper incentive, while tax
finance yields too small an incentive, for capital accumulation and economic growth. In the case of
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unproductive spending, however, with y, = , tax finance provides the appropriate incentive, while
money finance provides too large an incentive, for investment and growth.

In between these two cases, there typically exists a range of values of productive and unproductive
spending for which money finance dominates tax finance and a range for which tax finance dominates
money finance. But this leads to the likelihood that some combination of money and tax finance--
rather than each alone-- will allow a higher level of welfare for the representative agent. We now
investigate this possibility by considering the joint determination of money and tax financing of public
expenditure.

VI. Joint Money and Tax Financing of Productive and Unproductive Spending

In this section, we determine the optimal structure of public sector spending and finance. In general,
the rate of economic growth and initial consumption are given by

1 4]

o - %-((1—1)-(1 —ayA oy ) (44)

1 o

c0) = (1-y,~y A ™y, ™" - 8.

(45)

We now assume that a certain fraction, ¢, of total government expenditure is financed by income
taxation (with the remainder financed by money creation) so that

T = oy = (Y, Y. (46)

Direct substitution of equation (46) into equations (44) and (45) and subsequent substitution of the
resulting expressions into the utility function (12) gives

u = uld, ¥, 1) (47)

Differentiation of equation (47) with respect to ¢ and y, and equating the results to zero yields two
first order conditions for utility maximization. The solution of these two equations then gives
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Y, = a(1-¥y,) (48)

so that the chosen level of productive government spending is proportional to the output elasticity
of public services, and

¢ = — : (49)

so that the fraction of income taxation in total government revenue equals the fraction of
unproductive government spending in total government spending.

Making use of the government budget constraint, we then have

N
y

pl =y, = ey, (50)

and

T =Y, (51)

which is the central result of the paper: specifically, we find that optimal public finance requires
productive government spending to be financed by money creation and unproductive government
spending by income taxation. -

Figure 3 shows contours of the utility function of the representative agent, equation (47), for the
following parameterization of the model: A = .11, ¢ = .05, and y, = .05 as well as for various values
of p and 0. The baseline case in panel (a) assumes p =.04 and o = 1 and displays utility contours
that are relatively symmetric around the optimal values of ¢ =.5128 and y, = .0475. Panels (b) and
(c) show the effect of varying the intertemporal elasticity of consumption, with respective values of
o equal to .5 and 2. Evidently, a decrease in the intertemporal elasticity of consumption (i.e., an
increase in o) tends to increase the importance of choosing the correct level of productive
government spending relative to the correct fraction of income taxation in total revenue. That is, the
utility function becomes relatively steeper in the y, dimension (and relatively flatter in the ¢
dimension) as o increases. Panels (d) and (e) show the effect of varying the rate of time preference,
with p respectively equal to .01 and .10. As with the (inverse) intertemporal elasticity of
consumption, an increase in the rate of time preference tends to increase the relative importance of
choosing the correct level of productive government spending.

In order to interpret the results obtained above, it is useful to focus on the partial problem of the
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Figure 3:
Utility Contours under Money and Tax Finance

a) p=.04,0=1

0.05
0.049
0.048 |
0.047

0.046

0.045

0.4 0.45 0.5 0.55 0.6



Figure 3 (con’t):
Utility Contours under Money and Tax Finance

b)p=.04,0=.5

0.05

0.049

0.048

0.047

0.046

0.049

0.048

0.047

0.046

0.045

0.4 0.45 0.5 0.55 0.6



Figure 3 (con’t):
Utility Contours under Money and Tax Finance
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optimal choice of money and tax finance, given the optimal choice of the level of productive
government spending. Accordingly, we set y, = a(1 - y,) and t = ¢-(y, + v,) in equations (44) and
(45) to obtain

0 = hy(d; v, =0:(1-v,) (52)

and
c0) = h(d; v,=a(1-v,). (53)

It is then straightforward to verify that economic growth is decreasing in ¢ and initial consumption
is increasing in ¢. In particular,

d_ﬁ _ _dc(0) <0

dd do

Figure 4 graphs hy(-) and 4(-) for the baseline parameter values of the model. An increase in ¢ raises
the level of consumption (relative to £(0) = 1) and lowers the economic growth rate and the
associated level of private investment. Once again, we note that the choice of finance is, in essence,
a choice of present versus future consumption.

Substituting equations (52) and (53) into the utility function (12) now gives
u = uldy y,=0(1-7,) (55)

which, upon differentiation, yields

du o (@O)T  de@, e
o~ ) (g @100 (56)

which implies that utility is maximized when c(0) = p - (1-0)-0. This, then, gives the attained level
of utility, under optimal public finance, as

COON

(1-0) 7
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which is shown in Figure 5 for the baseline model parameters. Thus, under optimal public spending
and revenue creation policies, the level of attained utility is a simple function of the level of initial
consumption.

VII. Conclusion

This paper has investigated the relative impact on economic growth, inflation, and welfare, of the use
of money creation versus income taxation for the purpose of financing productive and unproductive
public expenditures. On empirical grounds, we have rationalized the use of an endogenous growth
model, supplemented with a cash-in-advance constraint, as an appropriate framework of analysis.
Within this model structure, a clear-cut theoretical result emerges--specifically, optimal public finance
involves the use of money creation to finance productive government spending and income taxation
to finance unproductive spending. This result is robust to various parameterizations of the underlying
model.

The primary finding of this paper is of practical relevance to the current economic situation in the
United States as well as many other developed and developing countries. A host of empirical results
indicate that certain forms of productive government expenditure--e.g., on physical infrastructure--
may be significantly below the levels which, according to the criteria of this paper, would maximize
social welfare. Furthermore, the conduct of monetary policy is almost exclusively focused on the
goal of eliminating inflation, resulting in measured annual inflation rates in the range of .03 and actual
annual inflation rates (taking appropriate account of quality improvements, etc.) in the range of .01
(or even lower). The analysis contained in this paper suggests an alternative focus for the conduct
of monetary policy, that it be pointed toward increased funding of productive government
expenditures. Such a reorientation of monetary policy promises to raise economic growth, future
standards of living, and the overall level of welfare of the average person in society.

As is almost always true with theoretical models which generate clear-cut results and carry
unambiguous policy implications, several qualifications are in order. First, the model structure is one
in which money is superneutral; adopting a different model, in which money is not superneutral, no
doubt will alter the fundamental result of the paper. However, we point out that higher money
growth (and associated inflation) has been found to dampen economic growth in some economic
models but to enhance economic growth in other economic models. Consequently, it is not clear
how the introduction of the non-superneutrality of money will affect--either qualitatively or
quantitatively-- the results of this paper.

Second, it is arguable that the treatment of unproductive government expenditures as exogenously
determined is unsatisfactory. A richer model structure would allow for other forms of government
spending--e.g., on government consumption services--which may widen the scope of optimizing
behavior of the government and carry interesting implications for the choice of money versus tax
finance of public expenditures. Indeed, a broader analysis such as this may well generate an
empirically useful framework for the proper classification of government spending and associated
financing schemes and, by extension, lead to a valid quantitative judgement as to whether the current
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rate of money growth and inflation may be too low to support an optimal structure of government
activities.
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Notes

1. It should be noted, however, that the model constructed by Palivos and Yip (1995) allows for the
non-superneutrality of money, while the model in the present paper is one in which the superneutrality
of money holds. We make an empirical argument in favor of the present approach in the next section
of the paper. However, we stress that the model in the present paper, when compared to Pavilos and
Yip’s model, is both more general (along the dimension of the composition of government spending)
and more specific (along the dimension of the superneutrality of money).

2. In the special case of ¢ =1, the utility function takes on the logarithmic form

u = [log(c)e *dr.
/

3. For the logarithmic case when ¢ = 1, we have

_ log(c(@) |

9
p p?

4. We note that these particular parameter values also yield reasonable values for the average product
of private capital and initial consumption. For instance, when evaluated at y, = «, the average
product of capital equals .084 while the level of initial consumption (relative to the initial capital stock
of k(0) = 1) equals .040 under money finance and .044 under tax finance.
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