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Money and Endogenous Growth

1. INTRODUCTION

ToBIN (1965) ARGUES that money is not superneutral be-
cause an increase in the anticipated growth of the nominal money supply reduces
the real interest rate and increases the long-run capital-output ratio. The rationale
for the Tobin effect has been denied by Sidrauski (1967) within the context of an
infinite-horizon, representative-agent model with an inelastic supply of labor. Fischer
(1979) and Asako (1983) show that, as long as preferences are nonseparable, non-
neutralities may occur during the transition path.! There is a close connection be-
tween Sidrauski’s superneutrality result and Ricardian debt neutrality. Weil (1986),
Marini and van der Ploeg (1988) and van der Ploeg (1991) show that when agents
have no operational intergenerational bequest motive and there is entry of new gener-
ations, increases in monetary growth accompanied by lump-sum transfers have real
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effects.? In this literature money only affects growth in the short run, because in
steady state growth is given by the sum of population growth and an exogenous rate
of technical progress. This means that inflation is in the long run entirely a monetary
phenomenon. In the short run economic growth is higher when the capital-output
ratio is lower and thus the marginal productivity of capital is higher than in steady
state as then households have a greater incentive to postpone consumption, but in
the long run the growth rate is exogenous. These results on money and growth arise
naturally in the neoclassical theory of economic growth developed by Solow (1956),
Swan (1956) and Cass (1965). This paper, in contrast, addresses the issues of money
and growth within the context of the new theories of endogenous growth developed
by Romer (1986) and Lucas (1988).

The new theories of growth allow for an endogenous long-run growth rate by as-
suming that production is proportional to a broad measure of the capital stock. The
capital stock thus includes the physical stock of machines, the stock of ideas or
knowledge both of the individual firm and of its competitors, and the stock of infra-
structural public goods. Production externalities, arising from learning by doing,
R&D, and infrastructural public goods now affect the marginal productivity of capi-
tal, the real interest rate, and thus growth. However, macroeconomic fiscal and
monetary policies do not affect growth. The reason is that the new theories of en-
dogenous growth are based on Ramsey (1928) which assumes dynasties with an op-
erative intergenerational bequest motive and thus implies Ricardian debt neutrality.
This is an unnecessarily restrictive framework for addressing questions about the
effectiveness of macroeconomic policy as then money is superneutral. However, in
Alogoskoufis and van der Ploeg (1990, 1991) we show that once the theories of
endogenous growth are extended to allow for overlapping generations of house-
holds, demand-side policies (even when accompanied by changes in lump-sum
taxes and subsidies) have real effects.3 This extension introduces consumption exter-
nalities arising from missing markets, as current generations cannot trade with fu-
ture generations. An increase in government debt arising from an intertemporal shift
in taxation (or an increase in government consumption) then reduces the growth
rate. The mechanism is that future taxes are partially shouldered by future genera-
tions so that private consumption rises (is not fully crowded out), fewer resources
are available for private saving and investment, and thus the growth rate falls.

This paper provides a coherent framework of endogenous growth and overlapping
generations with money in the utility function and inelastic labor supply in which
monetary growth permanently affects real growth.* An increase in monetary growth

2. Aiyagari and Gertler (1985) use the more conventional overlapping generations model of Diamond
(1965) to discuss the validity of various monetarist propositions under alternative budgetary rules. Of
course, money is also non-neutral if changes in monetary growth are accompanied by changes in distor-
tionary taxes.

3. Buiter and Kletzer (1991) consider endogenous growth in a three-period overlapping generations
model and focus more on persistent differences in growth rates.

4. After writing this paper we became aware of the work of Mino and Shibata (1992), who also inves-
tigate the effects of monetary and fiscal policies within the context of a model of endogenous growth and
overlapping generations with money in the utility function.
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then no longer leads to an identical increase in inflation, and also money is no longer
the sole determinant of inflation in the long run. We also show that increases in
public debt and public consumption damage growth prospects and thus increase in-
flation even when accompanied by increases in lump-sum taxes and a constant rate
of growth of the nominal money supply.®

This paper provides an alternative to recent work on money and endogenous
growth within the context of the cash-in-advance approach. Blackburn and Hung
(1991), Jones and Manuelli (1991), and Mino (1991) show that, as long as money is
needed to purchase investment as well as consumption goods, it is not necessary to
move away from infinite horizons and debt neutrality in order for monetary policy to
be non-neutral.® In such a framework monetary growth and inflation can act like a
tax on investment and thus depress growth.” Within a framework where transactions
costs explain the demand for money and transaction time affects human capital for-
mation and endogenous growth, Wang and Yip (1992) show that an increase in
monetary growth raises transaction time and reduces real growth. This paper, in
contrast, provides a channel through which monetary growth raises real growth.

Section 2 formulates a monetary model of endogenous growth and nonintercon-
nected overlapping generations. Section 3 demonstrates that, if there is no new entry
of generations, debt neutrality holds and thus monetary growth, government con-
sumption, and government debt do not affect real growth or inflation. Section 4 con-
siders a money-capital economy in which taxes are the residual mode of government
finance. A positive birth rate then raises the national income share of private con-
sumption, depresses real growth, and increases inflation. Monetary growth is no
longer neutral because it boosts real growth and therefore inflation rises by less than
monetary growth. Balanced-budget increases in government consumption are
shown to cut real growth and boost inflation. Section 5 analyzes what happens when
monetary growth is the residual model of government finance. Section 6 allows for
changes in public debt and shows that postponing taxes reduces growth and in-
creases inflation. Bond-financed changes in government consumption are shown to
reduce growth more than tax-financed changes whilst money-financed changes re-
duce growth less. Similarly, when open market operations are used to raise mone-
tary growth, real growth rises by more and inflation by less than when subsidies are
used to raise monetary growth. Section 7 briefly examines the case of nonseparable
preferences. Section 8 introduces costs of adjustment for investment. This makes
the real interest rate endogenous and thus introduces an additional channel through
which money and government debt can affect real growth and inflation. Section 9
concludes with a summary of results.

5. Clearly, fiscal policy is non-neutral (even within the context in which Ricardian debt neutrality
holds) when financed by distortionary taxes. For example, an increase in public consumption financed by
a tax on output or on capital depresses growth.

6. Blackburn and Hung (1991) focus on the effect of productive government spending while Jones and
Manuelli (1991) and Mino (1991) focus on the effect of human capital formation on endogenous growth.

7. Jones and Manuelli (1991) pay attention to the related effects arising from nominally denominated
depreciation allowances in the tax code.
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2. OVERLAPPPING GENERATIONS, MONEY AND ENDOGENOUS GROWTH

2.1. Household Behavior and Aggregation

Departures from debt neutrality (Barro 1974) are ensured in an economy of over-
lapping generations, as long as the birth rate, (3, is positive (Weil 1989). There is a
constant probability of death, N, so population growth is defined by n = — \.
The uncertain-lifetimes approach of Blanchard (1985) corresponds to no population
growth (n = 0) so that the birth rate equals the death rate (3 = \). Finite lifetimes
are thus not necessary to depart from debt neutrality.

The representative household of the cohort born at time s solves at time ¢:

Max j exp[—(p + N(v — D)log(Q(E(s, v), m(s, v))]dv €))]

subject to the household’s instantaneous flow identity

da(s, 1) = [r(e) + Nla(s, ©) — j(s, 1) — (s, 1) — &(s, 1)
dt = [r(t) + p(D)ia(s, 1) )

and the household’s solvency condition

limit,_, ., exp (— f [r(w) + )\]dw) ais,v) =0 3)

where p stands for the pure rate of time preference, r(f) and p(¢) denote the real
interest rate and the inflation rate at time ¢, and &(s, £), m(s, 1), a(s, £), j(s, £), and 7(s,
t) denote at time ¢ the levels of consumption, real money balances, nonhuman
wealth, nonasset income and lump-sum taxes (net of transfers) of a household born
at time s, respectively.

Equation (1) says that the household maximizes expected utility, where the dis-
count rate is the sum of the death probability and the pure rate of time preference.
Comprehensive consumption (X) consists of consumption of goods plus interest
foregone on money holdings:

xX(s, ) =<c(x, 1) + [r(®) + p(®)]m(s, 0 . “

€)(.) is homothetic and homogenous of degree one. Equation (2) says that the return
on assets, that is, interest plus the life insurance premium, plus nonasset income,
minus taxes, must be consumed or saved. When the household is alive it receives a
premium of Ad on its assets and when it dies the estate goes to the insurance compa-
ny, hence the premium is actuarially fair. Free entry and exit ensure that the insur-
ance industry makes no profits. Equation (3) says that households cannot play Ponzi
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games. At stage 1 the household decides on comprehensive consumption, which
yields the familiar tilt

dx(s, D/dt = [r(t) — pli(s, D (&)

and thus from the household’s present value budget constraint

x(s, 1) = (p + N\ [d(s, 1)

+ fo [j(s, v) — %(s, v)]exp (_ f [r(w) + )\]dw) dv] . (6)

Comprehensive consumption is linear in total wealth, because (1) implies a constant
elasticity of intertemporal substitution. In fact, (1) corresponds to a unit-elastic in-
tertemporal utility function so that the propensity to consume out of wealth does not
depend on the real interest rate. The propensity to consume increases with the prob-
ability of death.

The fraction of the cohort born at time s still alive at time ¢ equals BL(s)exp[—
Nt — s5)], where L(s) = exp(ns) is the population size at time s. Population aggre-
gates are defined as

X(t) = B exp(—A\?) f_ X(s, 1) exp(Bs) ds .

Aggregation over cohorts, assuming that individuals do not inherit any wealth,
a(s, s) = 0, yields

X(t) = [r(®) — p + nIX(®) — B\ + pAQD) ; (N
A(t) =r(DA@) + J@) — T@®) — X(@) . (8)

At stage 2 the household optimizes on the allocation between consumption of
goods and real money balances. This requires that the marginal rate of substitution
between goods and real money balances equals the opportunity cost of holding real
money balances (that is, the nominal interest rate), {2,,/{). = r + p, so that &(s, 1) =
T[r(t) + p(®)m(s, 1), where I'' > 0. Upon substitution into (4) and aggregation, one
obtains

M=%r+pX, Y =—-(1+I)¥2<0; )

C=®r + p)X, P’

[(r+pI" = IT¥?; (10)
q=[¥r+pQTC+p,DI~". (11)




776 : MONEY, CREDIT, AND BANKING

Homothetic €)(.) implies that goods and real money balances are normal goods.
A CES utility function Q = [yc® + (1 — Y], £ # 1,0 <y < 1, yields [ =
[yr + p)/(1 = PIZ¥ =1 = NI — Y+ p) +yr + p)°l~' and & =
[1+ @& '= D%+ p)l~°] ! witho= (1 — £)7! the elasticity of substitution
between ¢ and m. Cobb-Douglas subpreferences (o = 1) implies ® = vy so that
F=y1-y'r+p,¥=>0-vy)r+p) ' andg=y"+p/1—y]".
In general, the budget share of goods falls (rises) with the nominal interest rate
when the income (substitution) effect dominates, that is, when o < (>) 1.

2.2. Behavior of Firms

Following the recent literature on endogenous growth, we assume constant re-
turns to scale with respect to a broad measure of the capital stock. We focus atten-
tion on demand-side rather than on supply-side policies so that the effects of
productive government spending on the productivity of capital are ignored. The pro-
duction function is of the Cobb-Douglas variety:

Y(0) = 0K(O"K()/L(OL®] ™, 0<m=1 (12)

where Y(2), L(#), L(t), K(t), and K(#) denote the level of production, the own level of
employment, the aggregate level of employment, the own capital stock, and the ag-
gregate capital stock at time ¢, respectively. Production exhibits constant returns to
scale with respect to K and K. If m is less than unity, there is learning by doing
because then knowledge from one producer spills over and increases the output of
rival firms. Capital accumulation satisfies K@) = I(t) — 3K(¢) where I(f) denotes
gross investment at time ¢ and & denotes the depreciation rate. Producers borrow and
lend at a given interest rate and maximize the present value of their net revenues. In
the absence of adjustment costs, the marginal productivity of capital must equal the
rental plus the depreciation charge. The marginal productivity of labor must equal
the real wage. In symmetric equilibrium one has ¥ = 6K and » = m6 — 3. Learning
by doing implies that the private rate of return on assets is less than the social rate of
return. Since (r + §)K = mY = Y, national income exceeds the income from private
capital. Learning by doing and knowledge spillovers provide wage income to
households, irrespective of their age, so thatJ = (1 — m)Y corresponds to the wage
bill.

2.3. Government

Public consumption (G) plus interest on the public debt (»D) must be financed by
taxes (7), borrowing (D) or printing money (nM). The flow budget identity of the
government is

D(t) = r()D() + G(t) — T(t) — p(OM(?) (13)
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where D(¢), p(t) and pw(r)M(r) denote public debt, growth in the nominal money sup-
ply, and seigniorage revenues at time #, respectively. Solvency of the public sector
implies

D(r) + f’ exp [ _f r(w)dw] G(v)dv

= f" exp [ - flv r(w)dw] [T(v) + p(v)M(v)]adv . (14)

Current government debt plus the present value of future government consumption
must not exceed the present value of taxes plus seigniorage revenues. The national
income share of government consumption, g = G/Y, is exogenous. Section 4 refers
to tax finance and considers a pure money-capital economy without government
debt in which taxes are the residual instrument, that is, 7 =
G — pM, and g and p are exogenous. Section 5 refers to money finance and consid-
ers a money-capital economy in which monetary growth is the residual instrument,
thatis, p = (G — T)/M. Section 6 analyzes bond finance and intertemporal shifts in
taxation whilst keeping g and p. exogenous. To ensure solvency, it is necessary to
specify a tax rule which arrests the explosion of government debt:

T=n1Y+1D. (15)

The tax-GDP ratio rises with the government debt-GDP ratio. Solvency of the pub-
lic sector requires that 7, exceeds the growth-corrected real interest rate.

2.4. Equilibrium

Equilibrium in the product and money markets requires ¥ = C + I + G and M=
(n — p)M. Equilibrium on the equity and bond markets implies A = K + M + D.
Labor demand adjusts to employ the supply of labor (a constant fraction of the
population).

The real growth rate of national income and capital is denoted by w = YIy =
K/K while the per capita growth rate (or the endogenous rate of labor-augmenting
technical progress) is defined as m = w — n. It is convenient to express all variables
in fractions of the national income, which are denoted by lower-case letters (for ex-
ample, ¢ = C/Y). The model can be summarized by

c=M6—38—p—mc
—(n+)\)()\+p)¢(n9—8+p)<%+m+d>; (16)

m=@+nM0—8—m—nm—[PMO—d+p)!—1]c; 17)
d=M0—-d—m—n—T7)d+g—T— pm (18)
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where the per capita real growth rate is given by

T=01—c—g—-3d—n (19)
and the rate of inflation by

p=T"Yc/m)—m0+3. (20)

Equation (19) is the condition for equilibrium in the goods market. It says that the
growth rate equals the propensity to save divided by the capital-output ratio, minus
the depreciation rate. This condition therefore corresponds to the Harrod-Domar
(HD) rule familiar from the older literature on economic growth.

Sections 3-5 restrict attention, for simplicity, to the case of Cobb-Douglas sub-
utility functions (o = 1), so that ®(r + p) = v. Section 6 then briefly examines the
more general class of CES subutility functions.

3. RICARDIAN DEBT NEUTRALITY AND ENDOGENOUS GROWTH

Ricardian debt neutrality holds when there is no entry of new generations of
households and the birth rate is zero (3 = n + A = 0). Figure 1 demonstrates how
the national income share of private consumption and per capita growth are deter-
mined. The HD locus slopes downward because a higher national income share of
private consumption implies a lower share of investment and thus a lower growth
rate of the capital stock. Equation (16) reduces to the Ramsey-Romer (RR) rule if
the birth rate is zero, that is, the growth rate of per capita private consumption
equals the difference between the market interest rate, given by the productiv-
ity of capital minus the rate of depreciation, and the pure rate of time preference
(m = m* =m0 — & — p). A high interest rate induces households to save and post-
pone consumption, and thus yields a high growth rate. Because the rate of growth
does not depend on the national income share of private consumption, as long as

\
R D' D

9-8-p real growth rate

FiG. 1. Debt Neutrality and Endogenous Growth
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debt neutrality holds, the RR rule is vertical. The equilibrium per capita growth rate
of the economy (7 = 7*) thus depends only on economic policy in as far as the
government is able to influence, say, through investment in infrastructure, the mar-
ginal productivity of capital. Per capita growth does not depend on intertemporal
shifts in taxation and government debt, on the national income share of government
consumption, or on the monetary growth rate. It does decrease as households be-
come more impatient and as the degree of learning by doing increases.

The equilibrium national income share of private consumption (¢ = c¢* =
((p — n)6~! + 1 — m — g) increases with the pure rate of time preference and the
degree of learning by doing but decreases with population growth and the national
income share of government consumption (move from E to E’). In fact, an increase
in government consumption leads to 100 percent crowding out of private consump-
tion so that private investment and thus the growth rate of the economy are un-
affected. However, the national income share of private consumption does not
depend on intertemporal shifts in taxation, government debt, or on monetary
growth. These policy neutrality results hold for the general class of homothetic sub-
utility functions.

Since debt neutrality implies a dichotomy between the real and monetary sides of
the economy, it is possible to obtain from equations (17) and (20)

p=Mmb—-d+tp(wtp—p), o=mb-3d—-ptn. (21

The perfect-foresight solution of this Bernoulli equation is given by
el v —1
p(t) = [f exp(—J [p—n+ pe(w, t)]dw)dv] -m0+3d, (21')

where p.°(w, ) denotes the expectation of w(w) conditional on information available
at time ¢. Hence, equilibrium inflation depends on an average of all future monetary
growth rates and does not depend on budgetary demand-side policies whatsoever.
Inflation increases when households become more impatient, when population
growth falls, when the marginal productivity of capital falls, when the degree of
learning by doing increases, and when the depreciation rate increases, because in all
these cases the real growth rate of the economy falls. Steady-state inflation equals
the excess of monetary growth over growth in the real national product, p = p. — w.
Hence, money is superneutral as long as debt neutrality holds. The remainder of the
paper focuses attention on economies in which new noninterconnected generations
of households enter the economy and as a result debt neutrality does not hold.

4. FINANCE BY LUMP-SUM TAXATION

This section considers an economy with a positive birth rate, a constant govern-
ment debt-GDP ratio, and lump-sum taxation as the residual mode of government
finance. Substitution of (19) into (16) and (17) yields
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c"=(-)c2+[0g+n—p—(1—n)e]c—(n+)\)()\+p)y<%+m+d); (16")

r'n=ecm+[e(g+n—1)+u]m—<1;V)c. (17"

Figure 2 presents the phase diagram associated with (16")—(17'). The steady-c locus
reduces to the Ramsey-Romer rule, c = ¢c* = (p — n)0~! + 1 — n — g, when the
birth rate is zero, which is as discussed in section 3 independent of real money bal-
ances. In general, the birth rate is positive and the steady-c locus slopes upward in
the quadrant where both ¢ and m are positive, as an increase in m means that house-
holds have more wealth and thus consume more. The steady-c locus is a quadratic
and achieves a minimum value of m when ¢ = 3c*. Because the steady-c locus cuts
both the RR rule and the horizontal axis in the region where m is negative, that is,
when m = —0~! — d, the steady-c locus slopes upward in the positive quadrant.
Because households anticipate the entry of new generations who help to carry the
burden of future taxes, they consume more for a given level of real money balances
than they would have done otherwise. Consequently, the steady-c locus is in the
relevant quadrant above the RR rule.

The steady-m locus goes through the origin, slopes upward, and has an asymp-
tote, given by m = (1 — y)(y0)~!. There are two forces at work. The first is that an
increase in private consumption must, for a given nominal interest rate, be associ-
ated with an increase in holdings of real money balances. The second is that an in-
crease in private consumption leaves fewer resources for investment, so that real
growth falls, inflation and the nominal interest rate rise, and consequently holdings
of real money balances fall. The first force ensures that the steady-m locus slopes
upward, whilst the second force ensures that it does not cross the asymptote.

With an unanticipated permanent shock, holdings of real money balances and
consumption immediately jump to their new equilibrium levels. There are no transi-

5| :
S D -

FiG. 2. National Income Shares of Private Consumption and Real Money Balances under Tax Finance
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0-8-p pn n

FiG. 3. Inflation and Real Per Capita Growth under Tax Finance

tional dynamics because both ¢ and m are nonpredetermined. It is instructive to also
consider the determination of the equilibrium levels of inflation and real per capita
growth. This is illustrated in Figure 3. The points describing equilibrium in the
money market must lie on the MM locus, p = w — n — m, which says that growth
in nominal national income (that is, per capita real growth plus population growth
plus inflation) must equal monetary growth. The points describing equilibrium in
the goods market lie on the GG locus:

d+n+
1 —g— —

o
Il

_ ( (n+ M+ py®~! + d)
s | NN AR~ v)]) (22)
Mod oo [ 0 =5+ p

which is obtained upon substitution of the (steady-state) consumption and money
demand functions, (16')—(17"), into the Harrod-Domar rule, (19). In the absence of
entry of new generations of households (n + A = 0), debt neutrality hold. Hence,
(22) reduces to the familiar Ramsey-Romer rule, and economic growth is indepen-
dent of demand-side policies and inflation (7 = w* = 0 — & — p). Higher infla-
tion leads, as the real interest rate is given by technology and supply-side policy, to a
higher nominal interest rate, so depresses holdings of real money balances and con-
sequently reduces private wealth and private consumption. If the birth rate (n + \)
is positive, more resources become available for investment purposes so that the real
growth rate increases. This is why the GG locus slopes upward. It can be estab-
lished from Figure 2 and equation (22) that the GG locus lies entirely to the left of
the RR rule.

Absence of an intergenerational bequest motive combined with the birth of new
generations induces households to allocate a greater proportion of income to private
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consumption and to hold more real money balances. This means that a smaller share
of income is devoted to investment and saving, so that real per capita growth is less,
and consequently, inflation is higher for a given rate of growth in the nominal money
supply than in a world in which debt neutrality holds (compare E; with E in Figures
2 and 3).

If households become more patient (lower value of p), it is straightforward to
establish that the steady-c and the RR loci shift downward in Figure 2 so that the
equilibrium national income share of private consumption and holdings of real mon-
ey balances fall. As a result, there is more room for investment so that the real
growth rate rises and inflation falls (the GG and RR loci in Figure 3 shift to the
right). More patience reduces inflation, irrespective of whether there is a zero or a
positive birth rate.

4.1. Non-neutrality of Monetary Growth

Consider an increase in monetary growth where the seigniorage revenues are giv-
en back to the private sector in the form of lump-sum transfers (independent of the
age of the recipients). Such a “helicopter drop” increases inflation and nominal in-
terest rates, so real money balances fall. Consequently, the steady-m locus in Figure
2 and the MM locus in Figure 3 shift upward. In a Ricardian world the inflation and
nominal interest rates rise by exactly the same amount as monetary growth because
the national income share of private consumption and thus the share of investment
and the real growth rate are unaffected (move from E, to Eg).

However, when the benefits of future tax cuts or subsidies can no longer be fully
enjoyed because households may no longer be alive or because they have to be
shared with future generations, private consumption falls. As a result, more re-
sources are available for investment, real growth is boosted and inflation rises by
less than monetary growth (move from E,; to E}). Increases in monetary growth are
thus non-neutral in two senses: the real growth rate of the economy increases and
inflation is not entirely a monetary phenomenon. The first type of non-neutrality is
also found in economies with noninterconnected overlapping generations of house-
holds and decreasing returns to capital. These models, however, provide the micro
foundations of the Tobin effect in the sense that they show that an increase in mone-
tary growth depresses the real interest rate and thus boosts capital accumulation and
the level of output (Marini and van der Ploeg 1988). Here, a sustained effect of mon-
etary growth on real growth, rather than on the level of output, is found.

4.2. Government Consumption Reduces Growth and Causes Inflation

A balanced-budget increase in the national income share of government con-
sumption depresses the share of private consumption and thus shifts the steady-c
locus and the RR locus in Figure 2 downward. It also shifts the steady-m locus in
Figure 2 upward. The GG locus shifts upward in Figure 3, but the RR locus in Fig-
ure 3 is unaffected. In an economy in which debt neutrality holds, there is thus 100
percent crowding out of private consumption so that the national income shares of



FREDERICK VAN DER PLOEG AND GEORGE S. ALOGOSKOUFIS : 783

investment and saving, real growth, and inflation are unaffected. Real money bal-
ances fall by the same percentage as private consumption (move from E; to E).

In an economy in which the burden of future taxes is shared with future genera-
tions (n + A > 0), private consumption is not fully crowded out. As a result, fewer
resources are available for private investment so real growth falls. Because the infla-
tion and nominal interest rates rise, real money balances fall by a greater percentage
than private consumption (move from E, to E}). A consistent model has thus been
posited that suggests a direct positive association between balanced-budget changes
in the national income share of government consumption and the inflation rate.®
However, if monetary growth changes with real growth (rather than being kept con-
stant), an increase in the national income share of government consumption leaves
inflation unaffected.

5. FINANCE BY PRINTING MONEY

Now assume that monetary growth is the residual mode of government finance
and that the tax rate and the national income shares of government consumption and
government debt are exogenous constants. Monetary growth must then generate suf-
ficient seigniorage revenues to finance the primary deficit plus real debt service:

pm=0c+g+m—1Dd+g—r. (23)
Upon substitution of (23) into (17'), one obtains

m=0m+06(c+g+m—1)d+6g+m—Dm+yg

- T = <I_Ty>c 17"

If one starts with no government debt and a zero primary deficit, monetary growth is
zero and the steady-m locus is the same irrespective of whether there is tax finance
(TF) or money finance (MF). Figure 4 then shows the effects of an increase in the
national income share of government consumption under these two modes of gov-
ernment finance. Since the expansion of monetary growth that is associated with the
increase in government consumption also crowds out private consumption, it is
clear that a money-financed increase in government consumption leads to more
crowding out of private consumption, a smaller fall in investment, and thus a small-
er fall in the real growth rate of the economy than a balanced-budget increase in
government consumption (move from E to E” rather than to E’ in Figure 4). Obvi-

8. Similar results are obtained in a world in which Ricardian debt neutrality (8 = 0) holds when one
has a simple linear income tax with the proceeds distributed in a lump-sum fashion (cf. Barro 1990)
instead of a lump-sum tax. A balanced-budget increase in the national income share of government con-
sumption then also reduces growth and, with a passive monetary policy, raises inflation.
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FiG. 4. Effect of an Increase in the National Income Share of Government Consumption under Tax Finance and
under Money Finance

ously, the price one has to pay for money finance is a higher increase in inflation
than under tax finance. Note that, when Ricardian debt neutrality holds, neither a
tax-financed nor a money-financed change in the national income share of govern-
ment consumption affects real growth.

6. FINANCE BY ISSUING BONDS

6.1. Intertemporal Shifts in Taxation

Consider a cut in the current fraction of national income collected in taxes fol-
lowed by gradual increases in future tax rates as the ratio of government debt to
national income rises over time. The present value of increases in future taxes must
exactly equal the cut in current taxes. The steady-state effects of such a postpone-
ment of taxes may be deduced from the effects of an increase in the ratio of govern-
ment debt to national income on equations (16') and (17'). When there is no entry of
new generations of households, debt neutrality prevails. The national income shares
of private consumption and real money balances are unaffected as households real-
ize that the current tax cut must be fully paid for by future taxes. As a result, real
growth and inflation are unaffected. However, if there is a positive birth rate, a tax
cut boosts private consumption as households realize that future taxes are also paid
for by future generations (as can be seen from the effects of an upward shift of the
steady-c locus in Figure 2). This leaves fewer resources for investment and saving,
so that real growth falls and thus inflation rises (as can be seen from the effects of an
upward shift of the GG locus in Figure 3). Hence, a transitory tax cut leads to a
long-run fall in real growth and a permanent increase in inflation. It follows that
future taxes must rise by more than in conventional theories of economic growth
because the growth-corrected real debt service rises not only due to the increase in
government debt but also due to the increase in the growth-corrected real interest
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rate. The literature on the burden of government debt thus gains a new perspective
once cast within the new theories of endogenous growth. Government debt hurts
investment and thus growth, and boosts inflation, even though the real interest rate
and monetary growth rate are unaffected.

It is straightforward to establish that the short-run effects of a transitory tax cut on
the national income share of private consumption are larger than the long-run ef-
fects. Hence, in the short run real growth falls and inflation rises by more than in the
long run. The development of the ratio of government debt to national income fol-
lows from

d=06cd— (1, —0gd+g— 19— pm. (18")

As over time the share of private consumption falls and real growth rises, the burden
of real debt service falls and the process of arresting the growth in the government
debt becomes easier.

6.2. Government Consumption

The effects of a bond-financed increase in government consumption may be de-
duced from adding the affects of a balanced-budget increase in government con-
sumption to the effects of a gradual increase in government debt. The effects of the
first shock are less than 100 percent crowding out of private consumption and thus a
fall in real growth and an increase in inflation (see section 4.2). The effects of the
second shock are an increase in private consumption, a fall in real growth, and an
increase in inflation (see section 6.1). It thus follows that a bond-financed rise in
government consumption leads to less crowding out of private consumption, a larg-
er fall in real growth, and a larger increase in inflation than a tax-financed increase
in government consumption. A money-financed increase in government consump-
tion leads, however, to more crowding out of private consumption and thus to a
smaller fall in real growth than a tax-financed increase in government consumption.
Of course, if Ricardian debt neutrality holds, these three modes of government fi-
nance do not affect the national income shares of private consumption and invest-
ment or real growth, albeit that money finance induces an increase in inflation.

6.3. Open-Market Operations

Consider an increase in monetary growth implemented through open-market pur-
chases of government bonds. The effects of an increase in monetary growth imple-
mented through handing back lump-sum transfers to households is a reduction in the
national income share of private consumption, an increase in real growth, and a less
than 100 percent increase in inflation (see section 4.1). The long-run effects of buy-
ing back government debt and gradually cutting taxes are a fall in the national in-
come share of private consumption, an increase in real growth, and a fall in' inflation
(see section 6.1). It follows that the use of open-market operations to raise monetary
growth leads to a larger reduction in private consumption, a larger increase in real
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growth, and a smaller increase in inflation than the use of subsidies. Note that the
use of open-market purchases to raise monetary growth has no real effects in an
equivalent model with diminishing rather than constant returns to capital at the ag-
gregate level (Marini and van der Ploeg 1988).

7. NONSEPARABLE PREFERENCES
If one allows for the more general class of CES subutility function (o # 1), the

nominal interest rate is given by (1 — y)y~!(C/M)"* and equations (16') and (17')
become

c=0c2+ [0g+n—p( — mblc

-1
—<n+>~)(x+p)«/< b +tmtd ); (16")
c (1—o)/o
y+d -1 (E)
m=0cm+ [0(g+m— 1)+ plm— (I_TV> (%)"vm . (17"

If the birth rate is zero and debt neutrality holds,c = c*, m =m0 —d —pandp = p
—m0 + & + p — nare as before. Long-run holdings of real money balances are now
given by m = [(1 — y)/v(n + p — n)]°c*, so the negative effects of higher mone-
tary growth on holdings of real money balances is greater if the elasticity of substitu-
tion between goods and real money balances is higher.

The extreme case of an infinite elasticity of substitution leads to an exogenous
nominal interest rate, (1 — <)/, so that inflation, p = (1 — y)y~! — m0 + 3, is
independent of monetary and/or fiscal policies. Per capita real growth, m = n — n
— (1 — vy ! + m0 — B, then increases one-for-one with the rate of monetary
growth. The national income share of private consumption, ¢ = (1 — y)(y8)~! —
(n/0) + 1 — m — g, decreases one-for-one with the national income share of public
consumption, whether debt neutrality holds or not, and decreases with nominal
money growth.

8. MONEY, GOVERNMENT DEBT, AND THE REAL INTEREST RATE

So far, we assumed a constant real interest rate. This is somewhat unrealistic be-
cause one expects money and government debt to affect the real interest rate. Also,
in conventional models of economic growth with diminishing returns to capital and
finite lives an increase in monetary growth induces a Tobin effect in the sense that
the real interest rate is reduced and the capital-output ratio is increased (Marini and
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van der Ploeg 1988). The easiest way to make the real interest rate endogenous in
the new growth theories, apart from using supply-side policies to affect the marginal
productivity of capital, is to introduce costs of adjustment for investment (Barro and
Sala-i-Martin 1990; Alogoskoufis and van der Ploeg 1990, 1991).

The representative firm then maximizes the present value of net revenues:

max fI” [OK(V)“K(V)I‘"" —I(v) — ¢ (g—%—;)] exp [ - j‘v r(w)dw] dv  (24)

where ¢ denotes the cost-of-adjustment parameter. Costs of adjustment are propor-
tional to the investment rate. The optimal investment program satisfies in symmetric
equilibrium:

I="(q— 1Dé7'K; (25)
r+8—g =’09+¢£2 (26)
[ q] (K>

where g denotes the value of capital to the firm (Tobin’s Q). Equation (25) requires
that the marginal cost of adjusting the capital stock plus the purchase cost of invest-
ment goods must equal Tobin’s Q. Equation (26) says that the user cost of capital
(that is, the rental charge plus depreciation charge minus capital gains) must equal
the marginal productivity of capital plus the marginal reduction in adjustment costs
arising from an additional unit of capital. Since I/K = m + n + 3, one obtains from
(25) and (26) the following long-run relationship:

r+d=[MmM0+ d(m+n+ 3l +2b(m+mn+3)] . 27

If costs of adjustment are zero, the real interest rate is constant (r = 18 — 3 if & = 0).
If costs of adjustment are positive, (27) defines a negative relationship between the
real interest rate and the real growth rate. The point is that a higher real interest rate
reduces Tobin’s Q and thus reduces the investment rate and the real growth rate.
Equation (27) is portrayed as the production locus in Figure 5. If o = 1, growth in
private consumption is given by

m=r—p—(n+MA\+p
* [(1 — g :/((%_;J:Td+ n)e—'> * (r_ﬂi:—z——ﬁ)] -2

Equation (28) defines a positive relationship between the real interest rate and per
capita growth because a high real interest rate induces households to postpone con-
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consumption (higher d, lower p)

consumption

9-8

production (¢=0)

production (¢>0)

Fi1G. 5. Adjustment Costs for Investment and the Real Interest Rate

sumption. Also, an increase in the real interest rate depresses human wealth and
private consumption and thus boosts real growth. Equation (28) is portrayed as the
consumption locus in Figure 5. Adjustment costs for investment imply in long-run
equilibrium lower real growth and a lower real interest rate (E, rather than Ey).

An expansion of government debt shifts up the consumption locus, so leads to a
fall in real growth and an increase in the real interest rate (move from E; to Ej). It
also induces an increase in inflation and nominal interest rates. A tax-financed in-
crease in government consumption has similar effects on the real interest rate and
real growth. An expansion of monetary growth has the opposite effects. It shifts
down the consumption locus and leads to an increase in real growth and a fall in the
real interest rate (which is the Mundell effect).

Most theories of endogenous growth assume Ricardian debt neutrality and conse-
quently encounter an empirical puzzle. If preferences (p) are relatively stable and
shifts in technology and more specifically the productivity of capital are common,
the consumption locus is relatively fixed whilst the production locus moves about.
This implies a positive correlation between real interest rates and growth rates, but
empirically it is hard to detect such a correlation. Barro and Sala-i-Martin (1990)
therefore extend their model and show that growth in the variety of consumer prod-
ucts is like a shift in the rate of time preference, so that a significant amount of
technical progress involving types of consumer products relative to technical change
involving varieties of capital goods may explain the lack of correlation between real
interest rates and growth rates. The present analysis suggests a much more straight-
forward explanation: changes in budgetary policies move about the consumption lo-
cus and suggest, if anything, a negative correlation between real interest rates and
growth rates. The analysis also gives insight into another empirical puzzle, namely,
the observed negative correlation between inflation and growth (for example,
Fischer 1991).

9. CONCLUDING REMARKS

As long as Ricardian debt neutrality holds, monetary growth does not affect the
national income shares of private consumption and investment or real growth and is
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thus the sole determinant of inflation. Also, government consumption leads to 100
percent crowding out of private consumption and thus does not affect the real
growth and inflation rates either. In order to have an interesting analysis of macro-
economic policy issues, it is crucial to depart from debt neutrality. This is achieved
when there is no operational bequest motive and entry of future generations of
households because then the burden of future taxes is shared with new generations.
As a result, for a given stance of monetary and fiscal policy, the national income
share of private consumption is higher and consequently real growth is less and in-
flation is higher than in an economy populated by dynasties with an operational be-
quest motive. An increase in monetary growth is thus not superneutral and, in
addition, leads to a less than 100 percent increase in inflation. If the increase in
monetary growth is accompanied by open-market purchases of bonds rather than
lump-sum subsidies, there is a larger increase in real growth and a smaller increase
in inflation, so money is even less neutral. A balanced-budget increase in the nation-
al income share of government consumption leads to less than 100 percent crowding
out of private consumption, a fall in real growth, and an increase in inflation. A
money-financed increase in government consumption leads to less crowding out and
thus to a smaller fall in real growth and a bigger increase in inflation than a tax-
financed increase. On the other hand, a bond-financed increase in government con-
sumption leads to a bigger fall in real growth and a smaller increase in inflation than
a tax-financed increase in government consumption. In general, an increase in gov-
ernment debt, arising from an intertemporal shift in taxation, reduces real growth
and boosts inflation. If there are costs of adjustment for investment, increases in
monetary growth lower real interest rates (Mundell effect) whilst increases in the
government debt—GDP ratio raise real interest rates. Once the new theories of en-
dogenous growth are cast within a framework of noninterconnected overlapping
generations, the analysis of macroeconomic policies and the debates on the burden
of government debt and the causes of inflation gain an exciting new perspective.
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