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ABSTRACT

The optimzl inflation rate is analyzed in a simple model of inter-
temporal general equilibrium where agents have an operative bequest
motive and taxation is distortionary. Monetary balances are used as
a productive input, and agents have perfect foresight. Thc optimal
value of the permanent inflation rate can be approximated by a simple
formula,

The case in which the growth of aggregate income exceeds the social
discount rate is unlikely to be important, and the optimal value of the
permanent inflation rate depends on the existence of a short-run trade-

off between unemployment and inflatiom.



1. Introduction

The benefits and the costs of perfectly anticipated inflation have
been the subject of a long debate among economists. To simplify the
issues, let us assume, as usual, that anticipated inflation is e;uiva—
lent to a tax on the monetary base. A permanent inflation has three main
effects: First, the reduction of real cash balances implies a welfare .
cost equal to the reduction of services provided by money. The second
effect is substitution of capital for money, which may increase the
long-run levels of the capital stock, aggregate output and aggregate
consumption. This effect occurs when capital markets are not perfect,
or when individuals use intertemporal horizons (for example, their own
life-times), shorter than the horizon of society. Finally, since infla-
tion is equivalent to a tax on money holdings (and deflation to a nega-
tive tax or a subsidy), it is a substitute for other sources of govern-
ment revenue, in particular explicit taxes.

The literature on the subject may be confusing because different
authors refer, in their arguments, to different models. Three main types
of general equilibrium models have been used. In the first, savings
are equal to a fraction of disposable income and are equal to the accumu-
lation of capital and money. A portfolio equation between money and
capital completes the model. This approach has been useful as a first
step (Tobin, 1965), but it relies on an ad hoc consumption function.1

In the second type of study the framework 1s provided by life-cycle
medels of capital accumulation (Weiss, 1979; Drazen, 1980). In these
models, individuals save for consumption during their retirement period,
planning to leave no bequest. The capital stock is determined only by

the individual's taste for retirement consumption. It is not surprising



then, that the level of the capital stock is not necessarily socially
optimal: the rate of return in the steady state is not equal to the
social discount rate (Diamond, 1965).

Two cases should be considered. When the level of the government
debt (positive or negative), is exogenously fixed, the tax system can
be used as a partial substitute for public savings (or dissavings), be-
cause different taxes have different time profiles. For example, when
the labor supply is fixed, a combination of a consumption tax and a labor
subsidy is equivalent to public savings. Because of this effect, the
optimal inflation rate and the optimal explicit tax rates are not deter-
mined by the standard rules of optimal taxation.

These rules developed initially by Ramsey do apply in the overlapping
generation framework when the public debt can be adjusted by deficits
or surpluses (Pestieau, 1974, Atkinson and Sandmo, 1980). On the transi-
tion path, the optimal tax rates depend on the initial distribution of
endowments between the individuals living at the time of a tax reform.
Because we address in this paper only the problem of efficient taxation,
we follow the third approach.

All individuals in the same generation are identical and have an
operative bequest motive towards their descendants. The private sector
can therefore be represented by a large number of identical families
which behave competitively, are endowed with perfect foresight, and maxi-
mize an intertemporal utility function. When the government can balance
its budget by nondistortionary lump-sum taxes, while the inflation tax
is distortionary, the optimal inflation rate is equal to the opposite
of the real rate of return (Sidrauski, 1967). For the second best, the

optimal inflation rate has been analyzed by several authors in the frame-



work of an optimal taxation problem.2 Since there is no immediate
relation between these theoretical results and the small amount of in-
sight we may have on the demand for money, their operational value is
limited.

We propose here to consider money as a productive input.3 In this
case, the relation which determines the optimal permanent inflation rate
can be approximated by a simple rule which has an immediate interpretation.
Furthermore, this rule can be applied in combination with other evidence
we have on the demand for money (both through empirical studies or
theoretical inventory models).

In the next section an intuitive argument allows us to determine
the optimal value of the long-run inflation under the following assump-
tions: the demand for money depends only on the inflation rate, and the
level of money does not affect the gross factor prices,

This result i1s demonstrated rigorously and generalized in an inter-
temporal model of general equilibrium in Section 3., We will see that
the simple rule in Section 2 gives a good approximation of the optimal
inflation rate when the excess~burden of taxation is relatively small
with respect to one. This section is more technical and can be omitted
without loss of continuity.

The problem of optimal intertemporal taxation and optimal inflation
raises well-known issues of time-consistency (Kydland and Prescott, 1977;
Calvo, 1978). An answer to this problem has been proposed by Auernheimer
(1974). This rule is extended to the model of general equilibrium in
Section 5.

The welfare gain of any tax reform including substitution between
inflation and other taxes, have traditionally been regarded as small.

Recently this view has been challenged by Feldstein (1979):



In the important case in which the growth of aggre-
gate income exceeds the social discount rate..., 1f
the inflation rate is above its optimal level, the
economy should then be deflated to reduce the infla-
tion rate regardless of the temporary consequences
for uneftployment.

In Section 5, it is argued that the case where the welfare cost of the
inflation rate is infinite is not likely to occur.
The problem of the optimal inflation in an economy with a short-run-

Phillips curve is discussed in Section 6.

2, A Simple Analysis of the Optimal Permanent Inflation Rate

In this section, we determine a simple rule for the optimal infla-
tion rate in a partial equilibrium framework. Money is outside money
and is held for the services it provides. These services save resources
(time, effort, commodities, etc....) for other productive uses; there-
fore money can be considered as an input in the production of goods and
services.

In equilibrium, the real quantity of money is such that the marginal
value of monetary services is equal to the marginal opportunity cost,
the difference between the real returns available on other assets and
the real interest rate earned on money when money bears zero nominal
interest; the marginal value of the services provided by monetary balances
is measured by the nominal interest rate on other assets, i . The nominal
interest rate 1 , is equal to the sum of the real rate of return, r ,
and the inflation rate, 7 .4 We assume in this section that r 1is
fixed (or that the demand for money depends only on 7 ).

The economy grows at the rate g (the sum of the growth rates of
porulation and of labor augmenting technological change). The demand

for the real quantity of money per efficiency unit of labor, m , depends



only on the nominal interest rate.5

A benevolent social planner can chocose between issuing money and
non lump-sum taxes to ralse a given total amount of revenues. The dis~
tortion created by the taxes is measured by its marginal deadweight loss,
i.e. the loss of social income for a marginal unit of tax revenue. Assume
that the value of this marginal excess-burden, v , is known.

To determine the optimal value of the permanent inflation rate, we
consider the optimization problem of the government in the steady state
at an arbitrary date {fixed at zero). We first determine the social
marginal value of the permanent inflation rate, B8 .

In the steady state the flow of revenues from the issue of money

is equal to:

(1) Q= (g+m)m .

A small increase of the permanent inflation rate dn, has two effects:
It reduces the level of cash balances, and the level of social income,
by im'(i)dr , where m'(i) is the derivative of money with respect
to the nominal interest rate. The second effect is to increase the govern-
ment revenues by (dQ/dn)dr. Therefore, the revenues generated by other
taxes can be reduced by the same amount. Their excess-burden is then

reduced by v(dQ/dr)dm . The eum of the two effects is equal to
(2) E = (r+r)m'dr + v[(g+m)m' + vm]dr .

This flow increases at the same rate as the economy, and the total effect
of a permanent increase of inflation on social welfare is equal to the
discounted sum of the flow E at each date. Therefore, the social mar-

ginal value of the permanent inflation rate is equal to:



(3) B = ol (r+7+v(gtn)u’ (1) +val

Following Auernheimer {1974}, the government is "honest" and takes the
price level at time zero as exogenously given. When the inflation rate
increases by dn , the demand for real balances decreases by m'dn ;
the govermment purchases an equal quantity of money from the private
sector, such that the price level is maintained unchanged. This purchase
is financed by other explicit taxes, which create z2n excess-burden equal
to wvm'drm .

The permanent inflation rate is optimal when this excess-burden is

equal to the marginal value of a higher permanent inflation rate:

(4) va' + 8 =0,

(5) €=__v_’

where ¢ = - Ziﬂm'(r+ﬂ) is the interest elasticity of the demand for

meney.

This analysis could be extended to the non-steady state case. When
the government can adjust the budget deficit or surplus at each instant
to minimize the excess-burden of taxation, the term v 1s constant over
time (see next section). Therefore if the demand for money depends only
on the inflation rate, the steady state solution given by (5) 1s optimal,
When the government deficit is exogenously determined, v and 7 may
vary over time.

In the formula (5) the optimal inflation rate is independent of the

growth rate of the economy.7 Two special cases are well knowm.



When lump-sum taxation is feasible, the term v is equal to zero,
and the‘optimal deflation rate is equal to the rate of return r
(Sidrauski, 1967; or Friedman, 1969).

When the deadweight loss of other taxes is very large, the govern-
ment maximizes the inflation tax revenues. When v 1is infinite, the
optimal inflation rate is obtained when the interest elasticity of money
is equal to one {(Bailey, 1958).

In general, the variation of the optimal value of the permanent
inflation rate as a function of the marginal excess-burden of taxation
v depends on the relation between the interest elasticity of the demand
for money and the nominal interest rate. Empirical studies find that
€ increases with w (Cagan, 1956; Barro, 1972).8 However, a precise
determination of this relation for low inflation rates does not seem
to be available currently.

In the previous analysis the demand for money depends only on the
inflation rate; the level of cash balances does not affect the produc-
tivity of other factors.

Asgume now that the demand for real balances increases with th:2 capi-
tal stock (or with the level of output). In this case inflation has a
"second round" effect on government revenues: an increase of inflation
reduces the level of real balances, reduces the level of output (produced
by these balances); this reduces further the demand for real balances
and the ability of the government to raise revenues by money growth.

When the interest elasticity of the demand for money is positively re-
lated to the interest rate, this effect tends to reduce the optimal in-
flation rate. The same argument applies when money is complementary with
the oﬁher inputs in the production technology.

An analytical discussion of these effects is given in the next



section.

The main conclusion of that section is that these effects have the
same order of magnitude as v , the marginal excess-burden of taxation.
When v 1is small with respect to one, a first order approximation of

the optimal inflation rate (in all cases), is given by:

(6) E=v

3. The Intertemporal Model of General Equilibrium

In this section, we analyze the optimal inflation rate in an inter-
temporal model of general equilibrium where the private sector's inter-
temporal program of consumption and labor supply is determined by an
optimizing behavior.

We consider a one good economy where the private sector is represented

by a single household. Its intertemporal utility function 1s given by:

T—t t
v=fe Pted u(ct, £t)dt R
0

with the following notation:

g : growth rate of the household;
p : pure rate of time preference;
c, * consumption per capita;

zt : 1labor supply per capita.

The length of the household's 1life, T , 1is assumed to be large and finite,
1f the growth rate g 1s greater than the discount rate »p .9 It can
be infinite 1f g 41is smaller than the discount rate p .10

The household behaves competitively, and takes future prices, which

are known with perfect foresight, as given. At time zero, it chooses
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an intertemporal program which maximizes U subject to the budget con~

straint. Denote respectively by 9; > ;t , and T the private

t ’

marginal utility of consumption, the net wage rate and the net interest

rate at time t . The price of the unique good is normalized to one.
The household's intertemporal program satisfies the following first

order conditions:

2
(7) Eu(ct. zt) =q,
(8) 2u(e., L) = -q.w
ag “Cer g Ve »
.
(9) L4t =0.
9 t

Using (7) and (8), the levels of consumption and labor at each instant

are determined by q and vt

(7a) c = clq,w) ,
(8a) L= (q,w) ,

and the level of utility can be also expressed as a function of q, and

;& , 1in an indirect form:

(10) v{(q,w) = u(c(q,w), 2(q,w)) .
The household's portfolio is composed of three types of assets:
productive capital, government bonds and money. Capital and money are

used in the production process which 1s controlled by the household. The

production technology is represented by the neoclassical function:

y = f(k,%,m) ,
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where k and £ represent respectively the levels of the capital and

the labor supply per capita. When the input levels are optimized,

af
e
of
(12) v
af
(13) r+‘n=-——am s

where r and w denote respectively the growth rate of return and the
gross wage rate. For a given nominal quantity of money and an inflation
rate 7 , the price level adjusts such that the equilibrium condition
(13) is satisfied. Using (11), this condition can also be written as

follows:
(14) m= $(k,2,1) .

This is the first portfolio equation. The other equation is expressed
by the equality between the rates of return on government bonds and capi~
tal, which are perfectly substitutable.

The governmernt finances an exogenous stream of public consumption
a, , by a labor income tax,12 and issues of bonds and money. To simplify
the analysis, we consider the variable h , defined as the opposite of
the public debt; h 1is equal to the level of public assets (per capita).

At a given instant, its variation is equal to the government budget surplus:

(15) h=(r-g)h + (ww)& +nm ~ a ,

where n represents the rate of growth of the nominal quantity of money.l3

The intertemporal budget constraint of the government is satisfies when

the value of h is equal to zero at date T (when the horizon is finite),
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or when the present value of public assets tends to zero when t tends

to infiﬁity (when the horizon is infinite);

if T 4is finite, h_ =0,

T
1f T 1s infinity, 1lim e-R(t)egtht =0,
t-o
t
where R(t) = f r.dt , is the gross rate of return between
0

time zero and t .

The problem of the policy maker is then to determine the intertem-
poral program of net wage rates and nominal money growth rates, which
maximizes the utility of the private household, subject to the constraints
provided by the aggregate capital accumulation, the government budget,
and the private sector's optimizing behavior.

In this model of perfect foresight we can indifferently assume
that the government controls the rate of growth of the nominal quantity
of money n , or the inflation rate 7 . The relation between n and

m 1is given by:
om = w + (g+mm .

For technical reasons, we assume that the government controls w ;

the level of revenues generated by the creation of money is measured by:
(16) Q=m+ (g+tm)m ,

where m is expressed as a function of k , £ and = in (14).

When no restriction is applied on the policy instruments w and
m , the optimal solution presents a somewhat pathological behavior at
time zero. In order to analyze this problem, the intertemporal program

of the policy instruments is defined by the levels of the net wage rate
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and the inflation rate at time zero, Yo and s respectively, and by

the paths of their time variations, (t}t)t>0 and (%t) respectively,

The optimization problem is described as follows:

£>0

(PL): Maximize U = f e-ptegtv(qt, ;t)dt .

0

where v(qt, G;) is given by (10),

subject to: k = f(k,2,m) - gk - ¢ - a ,

h= (r-g)h + (W)L +m+ (g+Mm -~ a , with
. _ 3¢s . 3638+ _ 32s) . B¢

. a-flk’faz[a—q“a—w*’]*?ﬁ“'

q = q(p-1) ,

wo=x,

mT=z

At time zero, the level of capital k , 1is exogenously determined.
We also assume that the government cannot raise a capital levy; therefore,
the level of public assets h , 1s fixed at time zero.

At first, we also assume that the values of q , 7 and of the
shadow price of the constraint w=x (call it o) , are exogenously
determined at time zero. The solution to the problem (Pl) is determined

by considering the current wvalue Hamiltonian:

a7 H = v(q,w) + A(f(k,2,m) ~gk-c-a)
+ p((r-g)h+ (w-w) 2 +m+ (g+r)m - a)
+ Eq{p-1)
+ ox

+ 8z ,
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where m 1s given as a function of k . & s X, and z , 1in the above
description of the problem (P1), and ¢, 2, m are given by (7a),
(8a) and (14).

The policy instruments are Vg s X and z . The state variables
of the problemare k, h, q, w and 7 , Thelr respective shadow
prices are denoted by », ¥, E, a and 8 . The variable X
represents also the social marginal value of the (unique) good in the
economy. Because of the second best nature of the problem, X is in
general, different from the private marginal value of the good, q .
The variable u represents the social marginal value of public assets.
An increase of public wealth does not increase the real wealth of the
economy, but allows the government to lower the revenues raised through
distortionary taxes. Therefore y 1s equal to themarginal excess-burden
of tax revenues.le When lump-sum taxation is feasible, the value of
¥ 1is equal to zero: since the planner's aim is to maximize the utility
function of the household, the maximizing behavior of the latter is not
a binding constraint; the shadow prices £, o, and B are equal to
zero, and the marginal social and private values of consumption, A and
q , are equal,

Let us now consider the optimal inflation rate. It is determined

by the equations:15

which give



15

oH 3 o
(18) = (p-g)u—a-ﬁ- = -f .

This equation is the generalization of (4).

In the steady state (assuming a turnpike solution) B=0 , and
the rate of return r , is equal to the discount rate p ; using (13),
(17) and (18), we find:

When u is equal to zero, m=-r ., When u 1is positive,

v
(19) €= l1+v+A+3B

_ (r4m)
¢

where g = %%(k,ﬁ,w) , v =ulx

3
A= vﬁ%(k,z,w)

-~}
|

L, 0w £, .00 22) 3T
= TV t VB q[x*"ﬁ% aq]}am :
In the LHS the term € represents the partial elasticity of the

demand for mcney, with respect to its opportunity cost, keeping capital

and labor constant.

The long-run (permanent) inflation rate is determined by (19). It
is important to notice that the expression (19) is independent of the

initial conditions k h

0°* 0°* qo s ao and “0 . However, these ini-
tial values determine the long-run values of v , and therefore the value
of the permanent inflation rate.l6

The relation (19) justifies the intuitive discussion of the previous

section: when 3¢/3k = 0 and money does not affect the gross factor

prices, A=B = 0, and (5) is a special case of (19). Assume that
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€ dincreases with = ; the optimal value of the permanent inflation rate
is lower than the value given by (5), when the demand for cash increases
with k .or when money is complementary with capital and labor in the
production technology.l7 For practical purposes, the term A 1in (19)

is very small and can be neglected.18 Also the term B 1is of the same

order of magnitude as the marginal excess-burden v 19 (measured with
respect to the social value of the good)., When v 1s small, the optimal
value of the permanent inflation rate is approximated up to the first

order by the relation (6), found in the previous sectiom.

(6) €= v,

4. The Problem of Time-Consistency

The problem of the time consistency of an optimal policy has been
raised in various contexts.20 For example, assume that there is no re-
striction on the price of money at time 2zero. A currency reform is
equivalent to a lump-sum capital levy, and introduces no distortion.

At time zero, when the excess~burden of taxation is positive, the optimal
inflation rate is infinite. Of course, this policy should be unexpected.
The optimal policy is time inconsistent.

In the previous section, we have assumed that the government takes
the values of k, h, g, 7 and o at time zeroc, as exogenously
determined. From the budget surplus equation (which determines h) ’
we can see that the initial level of the nominal quantity of money M,
is assumed to be given at time zero. The values of 7 and of the
other variables in the economy determine the demand for money, and together
with M they determine the price level P , at time zero. We could also

take the levels of P and m @as given, and these yalues would determine M .
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Once the values of k, h, q, 7, o and M are fixed. at an

arbitrary date (fixed at zero), the entire path of all variables can be

determined after this date, by solving the problem (P1). Assume that

-~ ~

this solution determines the values ﬁt s ﬁt S P ﬁt » e, M

t
at time t (t > 0) . The solution of the problem (P1) computed at time

A

t for the period after t , under the constraint k, = ﬁt,..., M_o=H)
is identical with the solution computed at time O for the same period,
following t . The solution of the problem (P1l) is time-consistent.

The constraints on q, 7, o and M {(or P ) at time zero
provide a method to solve the time-consistency problem. This method was
initially proposed by Auernheimer who showed in a partial equilibrium
framework, that when the price level is fixed, optimal inflation policies
are time consistent. As we can see, in a general equilibrium model, the
constraint on P is necessary but not sufficient.

The constraints which we have introduced prevent the occurrence of
time inconsistent jumps of the endogenous variables at the time a new
policy can be determined. Currency reforms are excluded. It should also
be noticed that restrictions on the other tax rates are necessary (as on
w ): the demand for real balances depends on the production inputs, in
particular labor. In our model, a large subsidy on labor for an infini-
tesimal amount of time induces a similar jump of labor and of the demand
for real balances. This jump of labor has no effect on welfare because
it lasts only for an infinitesimal duration. However the jump of the
demand for real balances allows the govermnment to raise revenues by
issuing more money, without changing the price level at time zero.21

In problems of dynamic optimal taxation, when the constraints on

the instruments are not defined carefully, the solutions are not only
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time inconsistent, but also may have some pathological properties at the

beginning of the planning horizonm.

5. The Welfare Cost of Taxation and the Choice of a Discount Rate

In a dynamic economy where agents are endowed with perfect foresight,
the economic decisions of the private sector at a given date depend on the
entire intertemporal program of tax rates., Therefore, the deadweight
loss of a tax system should be determined by a single computation for
the entire planning horizon, and not period by period. However, when
the intertemporal utility function of the private sector is addively
separable between periods, as we have assumed in the previous sections,
the welfare cost of taxation for a given instant {(a flow), can be measured
as a fraction of output produced at the same time (the marginal welfare
cost was expressed by the variable v = u/A in the previous sections).

For small tax rates, this fraction is small (it is equal to zero
for infinitesimal rates). As it is well known, the deadweight loss of
taxation is of the second order with respect to the amount of revenues.

In the long-run, the deadweight loss of taxation is a constant fraction

of output, and increases at the same rate as the economy. The total wel-
fare cost of the tax system (a stock), is measured by the present dis-
counted value of the flow of the deadweight loss at each instant. We

see immediately that the total excess-burden of taxation can be large

if the pianning horizon is large and if the discount rate is low with
respect to the growth rate of the economy. When the horizon tends to
infinity, and the discount rate is lower than the growth rate, the welfare
cost of taxation tends to infinity.

Feldstein (1979) has argued that this 1s an "important case," and

that in this case the welfare cost of the wrong inflation rate (if it
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is not optimal) dwarfs any cost associated to the transition towards a
new policy. Feldstein is using two arguments. The first is empirical;
the average net real rate of return on Aaa bonds for the last 25 years
has been less than one percent, and therefore lower than the growth rate.
One could remark that bonds represent only one type of asset in the nri-
vate sector's wealth, and ex post rate on the last 25 years may not be

an accurate description of the ex ante real rate., TFor example, Jorgenson
found a higher value for the mean net return on aggregate wealth,

around 4%. But let us assume that the observed net risk-free

rate is around 1%. What would this indicate about the social

discount rate? In the life-cycle model the steady

state net rate of return has no a priori relation with the social dis-
count rate (Diamond, 1965). It is somewhat surprising to see that
Feldstein after showing in his numerous studies on Social Security that
the life-cycle model is the relevant case for the U.S. economy, is using
the model with an operative bequest motive for an empirical argument.

In this model, when the horizon is sufficiently large, the economy converges
to a turnpike where the net rate of return is equal tc the discount rate.
Can this discount rate be lower than the growth rate? In this case the
level of the capital stock on the balanced growth path is larger than the
Golden Rule value. This balanced growth path cannot be sustained ad
infinitum by a competitive equilibrium. On this path, the consumption

satisfies the equation:22
¢ = {p=g)k + wg .

If the net rate of return p (which is equal to the discount rate), is
smaller than the growth rate, the present value of consumption is smaller
than the present value of labor income w& (net of taxes), and the inter-

temporal budget constraint of the private sector cannot be satisfied.
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To solve this dilemma, we can choose a finite horizon (a solution
also proposed by Feldstein). In this case the economy converges for a
certain period to the turnpike where the net rate of return is equal to
the discount rate. However capital is accumulated to this apparently
inefficient level only because the private sector has a strong taste for
consumption in the future. And the future should arrive some day. The
private sector intends to benefit from its present thrift, In the case
where the discount rate is smaller than the growth rate, the economy diverges
sharply from its balanced growth path before the end of the planning horizen,
when the large amount of accumulated capital is consumed.23 It is doubt-
ful that low interest rates in real economies can be explained by the
expectations of this period of riotous consumption.

For his second argument, Feldstein relies on introspection: the
social discount rate p should be equal to the sum of the pure rate of
time preference 3 » and of the product of the growth rate of consump-
tion per capita B of the elasticity of the marginal utility of con-
sumption o . The historical value of 8. is around 2%. Feldstein chooses
somewhat arbitrarily the values 3 = 0 (following Ramsey),and o = 1/2 .
Therefore ¢ = 1% , again. This argument would apply when the market
return is not a good indicator of the social discount rate (as in the
life-cycle medel). But in this case, intertemporal programs chosen by an
enlightened social planner would exhibit the same pathological properties
as the programs of the private sector, which were described in the previous

paragraph.

6. Short-Run Policy

In the model of perfect foresight all prices adjust costlessly.

The model can be easlly extended to the case of an economy where varia-
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tions of the inflation rate affect the level of output (temporarily or
permanently). Since we have seen that the partial equilibrium case in
Section 2 provides a reasonable approximation of the general equilibrium
framework, we will use again for simplicity, the intuitive approach in
this section.

Assume that there is a short-run trade-off between inflation and

output, i.e., when the variation of the inflation rate is equal to w ,
output is increased by F(m) » where F'(0) >0, F"(0) <0 (the short-run
supply curve is convex. ) Using the same approach as in Section 2,

an increase of the inflation rate dm in the steady state, increases

social welfare by F'(0)dw + Rdw , where B is the social value of in-
flation, computed previously (relation (4)). From the discussion in

Section 5, we assume that g 1is finite,

The relation (4) becomes now:
vm' + F'(0) + =0,

and (5) is replaced by

e = () F @) /m) +v
1+v
The existence of a short-run supply curve affects the permanent
value of the optimal jinflation rate. When r tends to g , the per-~
manent effects dwarf the short-run effects, and we find the same result
as in Section 2. 1Is the effect of the Phillips curve significant? The
following values can be considered as upperbound estimates of the different
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parameters r-g = 0.05, PF'(0) = 0.09 , m=1/15 (F'(0) and m are

measured with respect to the yvearly output)., In this case we have:

- 0.07 + v
1+v *
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Current estimates of the marginal excess-burden v , are in general some-
what larger than geven percent.25 It does not seem that the existence

of a short-run Phillips curve affects too much the permanent optimal
inflation rate.

In the frictionless case the adjustment to the optimal permanent
inflation rate takes place instantaneously. This is still true when the
trade-off between output and the variation of inflation is linear. When
the short-term supply curve is strictly concave, the adjustment takes place grad-
ually. The adjustment speed depends in an important way on this convavity.

However, it should be clear that in the model used here, one can
easily find conditions under which strong deflationary policies should be
recommended, even if the social discount rate is much larger than the growth
rate, A sufficient condition for an acceleration of the rate of deflation

on the transition path is given by:
F(1) < —E-i_m—g-((l-i-v)e - )

where € and m are the values of the elasticity and of real balances
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in the steady state (after the transition period). With the same numer-

ical values as before, this inequality is satisfied when
0.07 < (1+v)e - v

when ¢ 1is equal to 1/4, it is sufficient that v < .24,
Obviously, the argument can be reversed in other numerical examples,
in favor of inflationary policies. Unless the Phillips-curve is

strongly concave,27

the result of the model are very sensitive to the
values of the interest elasticity of money and of the marginal excess-
burden of taxation, even when the social discount rate exceeds the growth

rate.
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7. Conclusion

This paper has reexamined the problem of the optimal inflation in a
general equilibrium model of optimal taxation. The approach followed
here has allowed us to determine conditions under which the optimal value
of the permanent inflation rate is well approximated by a simple rule
obtained in a partial equilibrium framework. This formula depends on
easily identifiable variables, the interest elasticity of the demand for
money and the marginal excess-~burden of explicit taxation.

The welfare gain of a tax reform depends on the difference between
the social discount rate and the growth rate of the economy. It is most
likely that this difference is positive. In this case, the existence
of a short-run Phillips curve should affect the permanent inflation rate,
However, even if the discount rate is significantly larger than the growth
rate, the magnitude of this effect seems to be small compared teo
the present value of the permanent welfare cost of taxation. And indeed,
unless the short-run aggregate supply curve is strongly concave, the re-
sults in this paper could justify policies such that the rate of inflation
converges rapidly to its optimal value, even if this would induce a large
temporary variation (positive or negative) of the unemployment rate. But
there is also another interpretation. Despite the simplicity of the
approximation rule which determines the optimal inflation rate, we still
cannct give a precise estimate of this inflation rate because we do not have
accurate results about the interest elasticity of the demand for money
or about the welfare cost of explicit taxation. The research which could
improve ocur understanding in this matter, and lower permanently the excess-
burdern of taxation even by a small fraction, would penerate social benefits

of a very large present value,
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FOOTNOTES

Also, the definition of a steady state with a growth rate equal to
zero is not clear, unless the level of savings 1s defined as a func-
tion of gross income. In this case (with a zero growth rate), in-
flation has no effect on the steady state capital stock. An
empirical study of the optimal inflation rate in this framework

is given by Summers (1981).

For a partial equilibrium approach, see Siegel (1978) and Feldstein
(1979). Phelps (1973), Drazen (1979), and Brock and Turnovsky (1980)
present a general equilibrium analysis, where the utility function
of the private sector depends on money. The method followed by
Drazen is incorrect: the policy maker takes into account the con-
sumer's maximizing choice between different goods at a given date

(by using the indirect utility function at this date), but ignores
the constraint provided by the private intertemporal maximizing be-

havior (in expression (32), p. 241).

This does not seem to be a worse assumption than to consider money
as a consumption good in the utility function. For a discussion,

see Fisher (1974).
For simplicity, there is no tax on capital incomne.

The services of money depend on the ratio between the nominal quantity
of money, and a price deflator. We will assume here

that this price deflator is independent of the tax system,

This can be justified as follows: in general, the

revenues from the inflation tax are relatively small.
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Therefore, the variations of the tax rates, which are necessary to
keep total tax revenues constant when the inflation rate is altered,

are likely to be small, and do not affect significantly the price

deflator.

Of course, v should be determined simultaneously with the optimal
inflation rate. However, since the inflation tax revenues are small,
v can, in a first order approximation, be considered as exogenous.
Also, the level of government expenditures can be optimized by a

compariscn of their benefits with 1+v .

However, the optimal inflation rate depends on the growth rate g ,
because a higher growth rate allows the government to raise a larger
fraction of revenues by issuing money, and this lowers the value

of the marginal weight loss v .

Cagan found that a linear relation fits the data well. He also finds
that the value of the inflation rate which maximizes revenues

(e = 1) , 1is large. This result suggests that in our model the
permanent inflation rate should be fairly large, even if the margzin=al
welfare cost of other taxes is only moderate. The lowest value for
the revenue maximizing inflation rate found by Cagan (p. 81) is 2907
per year (792 in the German case). With a linear relation between

¢ and m , and a marginal excess burden at least equal to 10%, the
optimal inflation rate is greater than 29%. On the other hand, if

we assume that € = 1/4 and v = 1/3 , currently observed value of

the inflation rate would be about optimal.

We assume that the value of T is large enough such that the economy

reaches a neighborhood of its turnpike for some interval of time.



10,

11.

12.

13,

14,

15.

16.

When g 1is greater than p
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, and T is infinite, the integral in

the expression of U 1s not defined. For a further discussion of

this problem, see Section 5

When labor-augmenting technological progress takes place at the rate

¥ , the discount rate »p

should be replaced by p* = p + oy ,

vhere ¢ is the elasticity of the marginal utility of consumptioni

the level of consumption ¢

t

should then be measured in efficiency

units. Except for these alterations, the rest of the analysis re-

mains valid (however, no balanced growth path may exist if the

elasticity of substitution between consumption and leisure is dif-

ferent from one).

Whenever possible time subscripts will be omitted.

Another tax structure (for example, the income tax), could be treated

by the same method.

"Balanced budget" policies

analyzed by the same method

(h=o0,

or h exogencus) could be

When the level of the surplus h , 1is optimized, the ratio between

# and q 1s constant over

and q = g(p-r) ).

time (use the relations

M/3h = (p-glu-1 ,

Of course, these equations are only a part of the complete system

of dynamic equations to be solved simultaneocusly.

For example, with no restriction on h at time zero, the government

can raise a capital levy,

v={_0 and

T = - .



17.

18,

19.

20,

21.
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Using the first order condition 3H/3k = (p-g)x - A; 1in the steady
state, (ph-~q(E+ p¢i2é)) (rl'(+ ¢pry) = —u(tw + (r+m) ) = (r4m) op (A + ne))
It is reasonable to assume that ré + ¢iré < 0 (the total effect of

a capital increase on the rate of return is negative). Substituting

in B, one finds that B > 0 .

Consider, for example, the following production function:

fk,e,m) = kYzl-Y + jvm , where j is a constant. In this case,
K = 2(1—7);5;-% . The ratio m/k 1s small (smaller than 1/30 in
the U.S. economy). If r/(r+n) 1is smaller than two, 3¢/0k is
smaller than 3%. In general if the wealth elasticity of the demand
for money is equal to one and m/k 1is small, 23¢/9k ~ m/k ., This
ratio is smaller than 2% for the U.S. economy.

For example, when the production f is of the Cobb-Douglas type,

1l 3w 1 3r
the terms T+ om and T+ oo in the expression B , are bounded.
When u tends to zero, £ tends to zero, and therefore the same

is true for B .
See Avernheimer (1974), Calvo (1978), and Kydland and Prescott (1978).
More precisely, in (Pl), §¥-= u%%‘§£-+ a=0, where u >0 .

ow 3w

Where there is no constraint on w, a =0 . Assuming %% >0,

%%-> 0, we have 3% > 0 ; the subsidy or labor income should be
dw

increased as much as possible to increase the labor supply (3%/%w > 0)
and the demand for money (3%2/3w > 0) in order to generate a capital

levy which has a social value 1 .



22.

25.

26.

27.
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The notations have already been introduced in Section 3 as follows:

consumption ¢ , discount rate p , growth rate g, capital stock k,

net wage rate W _ labor Supply 2 . All quantities are defined

per efficiency unit of labor.
See Arrow and Kurz (1970), p. 7Q,

A permanent increase of 7w equal to one percent induces a decrease
of unemployment equal to three percent and an increase of output

equal to nine percent.

For example, Shoven (1976) finds that the marginal excess-burden

of the corporate tax is between 12% and 30%,

For the derivation of this sufficiency condition, we assume that
€ increases with w . v 1s constant over the transition period

when the government's deficit is optimized.

This concavity could be increased by additional costs not recorded
in National Income data. Also it is possible that some of the ad-
justment costs would not be strictly transitory (in this latter

case, the model should be modified accordingly).
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