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1 Introduction

Recent literature on the optimal inflation tax has argued that it is optimal
not to tax real balances, also in a second best world where only distortionary
taxes can be raised to finance government expenditures. Since the marginal
production cost of money is commonly assumed to be zero, real balances
should then be priced at zero. This recovers the optimal policy rule of zero
nominal interest rates, derived by Friedman (1969) in a world with lump sum
taxes. It is also at odds with Phelps (1973), where it is argued that liquidity
should be taxed as any other good.

The argument for the optimality of the Friedman rule is twofold. First,
money should not be taxed because it is an intermediate good, as Kimbrough
(1986) pointed out. However this argument is only valid if the technology
is constant returns to scale. If the transactions technology is not constant
returns to scale, as in the case of the Baumol-Tobin technology!, then it is
optimal not to tax money only because money is a free good. This is shown
in Correia and Teles (1996).

If money was not a free good, the optimal tax on money would be a direct
application of the standard optimal taxation rules in the Public Finance
literature, as in Ramsey (1927) and Diamond and Mirrlees (1971). When
money is modelled as a final good, it should be taxed, as any other good.
When instead money is modelled as an intermediate good, it should not be
taxed when the technology is constant returns to scale. However, because
money is a free good it should not be taxed under general conditions. The
intuition is that even if the optimal ad-valorem tax rate on a costly good is
positive, the optimal price is in general zero, as the cost approaches zero.

In the standard transactions technology monetary model, as in Kim-
brough (1986), Guidotti and Végh (1993) and Chari, Christiano and Ke-
hoe (1996), Correia and Teles (1996) show that, if the government chooses
to finance government expenditures with either the inflation tax or an in-
come tax, then the Friedman rule is optimal, for homogeneous transactions
technologies of any degree.

If the alternative tax to inflation is a tax on consumption, the condi-
tions under which the Friedman rule is optimal depend on whether taxes are
paid with money. Correia and Teles (1997) and Mulligan and Sala-i-Martin
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(1997) show that, when the consumption taxes are not paid with money, the
Friedman rule is also optimal for homogeneous transactions functions of any
degree. In this case, whether the government uses income or consumption
taxes does not affect the optimal inflation tax. The two taxes are equivalent.

When instead it is rightly assumed that the consumption taxes are paid
with money, the equivalence between the income tax and the consumption
tax is lost. Mulligan and Sala-i-Martin (1997), in line with Guidotti and Végh
(1993), argue that, in this case, homogeneity of the transactions technology is
not enough to guarantee the optimality of the Friedman rule. The Friedman
rule is optimal only if additional restrictive assumptions are made on the
time spent on transactions at full liquidity. According to Mulligan and Sala-
i-Martin (1997), this finding turns the result of optimality of the Friedman
rule for all homogeneous functions into a fragile result. Both in Guidotti
(1993) and Mulligan and Sala-i-Martin (1997), the intuition for why the
results under the two alternative taxes differ remains obscure.

In this paper, we show that as long as income taxes are available, together
with consumption taxes, the restrictive conditions are not necessary. We
also argue that the reason for the differing results under the two alternative
taxes is that the transactions technology is not well specified when there
are consumption taxes and taxes are paid with money. Indeed, under a
correct specification of the transactions technology, the Friedman rule is again
optimal, for all homogeneous functions. We conclude that the optimality of
the Friedman rule is indeed a robust result.

The paper proceeds as follows: In Section 2, we derive the conditions
under which the Friedman rule is optimal, when the available tax instruments
are the inflation tax and a tax on consumption, and taxes must be paid with
money. We find that these conditions are different form those derived by
Guidotti and Végh (1993) and Mulligan and Sala-i-Martin (1997). In Section
3 we show that the conditions for the optimality of the Friedman rule, are
conditions under which it is not possible to affect time used for transactions,
and as a result, it is also not possible to affect profits. We also show that, if
money was not a free good, it would always be optimal to tax real balances. It
is only because money is a free good, that we obtain conditions for optimality
of the Friedman rule, however restrictive they may be.

In Section 4, we allow for the use of both alternative tax instruments,
consumption and income taxes, and find that the Friedman rule is again
the optimal tax on money for homogenous transactions technologies of any
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degree. However, the optimal tax rules for the other two taxes are disturbing;:
The government should tax income and fully subsidize consumption in order
to reduce the value of transactions and therefore save on resources spent
on transactions. These results suggest a mispecification of the transactions
technology.

In Section 5, we show that the transactions technology, as is specified
in the literature, has the undesirable property that it is possible, by manip-
ulating the tax on consumption, to reduce the time used for transactions
without actually reducing either the real quantity of the goods transacted,
or the quantity of money necessary to purchase these goods. This prop-
erty is responsible for the additional restrictive conditions for optimality of
the Friedman rule, when the consumption tax is the single alternative tax to
seignorage. In fact, in that case, there is a trade-off generated by the incentive
to save on resources used for transactions, so that a slightly higher inflation
tax and a lower consumption tax will allow to save on those resources. Under
a correct specification of the transactions technology, the Friedman rule is
optimal for all homogeneous transactions technologies. Section 6 contains
the conclusions.

2 The Optimal Combination of the Inflation
Tax and the Consumption Tax

The environment is a transactions technology, monetary model as in Chari,
Christiano and Kehoe (1996), Correia and Teles (1997) and Mulligan and
Sala-i-Martin (1997). The model is a slight variation of the model in Kim-
brough (1986), Guidotti and Végh (1993) and Correia and Teles (1996) in
that the timing of the cash in advance constraint is different. This distinction
is not relevant for the results. We now proceed to compute the optimal fiscal
policy, when the available tax instruments are the inflation tax and a tax on
consumption, and taxes must be paid with money.

In this economy, there is a large number of identical households, whose
preferences are defined over a consumption good and leisure. Each house-
hold is endowed with one unit of time that can be allocated to labor, leisure,
or transactions. The consumption good is produced using a linear technol-
ogy with a unitary coefficient. There are two assets, money and nominal



bonds. The government must finance a given constant level of government
expenditures with revenues from a consumption tax or from the inflation tax.
In this economy, the households seek to maximize

[o.o]

> BU(er, he), (1)

t=0

where U is an increasing concave function, ¢; are consumption goods and h;
is leisure at time ¢. The households supply labor 1 — h; — s, where s; is time
spent in transactions.

Transactions are costly since they require time that could otherwise be
used for production. The amount of time devoted to transactions increases
with consumption and decreases with real money balances, according to the
following transactions technology:

s > 1 (et, %> , (2)

P
where e; = ¢; (1 + 7) denotes consumption expenditures, gross of taxes.
Let m; = %[: We assume that the function ! is homogeneous of degree

k and so it can be written as l(e,m) = L(Z)e*. L is characterized by the

following conditions: L : A — R*, A C R*; L' < 0, I/ (?) = 0, when

2 =supA; L” > 0. 2 is the point of full liquidity, where an additional
unit of real balances does not reduce transactions time. Notice that with a
consumption tax lower than —1, expenditures could become negative. Since
the problem is well specified only when expenditures are positive, we restrict
the tax on consumption to be 7 > —1. Increasing returns cannot be too
high, or the problem will not be concave. This implies restrictions on the
minimum value of the degree of homogeneity of the transactions technology,
k, that depend on the curvature of the utility function. In particular, we
restrict k£ > 0, because otherwise [, would be negative at full liquidity, for a
subset of the class of transactions technologies?.

In each period ¢, the households choose holdings of money M;, to be used
for transactions in that same period, and nominal bond holdings B;. These
bonds entitle the households to (1 + i;)B; units of money in period ¢ + 1.

*From the homogeneity assumption we know that lo = e*~* [kL (t) — 2L/ (t)] Since
L’ (t) = 0 at full liquidity, when L(¢) is strictly positive at the this point, then k& must be
positive for [, to be positive.



Consumption is taxed at a rate 7. The budget constraints for ¢ > 0 are
given by conditions

(1 +74)Pict + Myoq + Beoy < My+ (1+4) By + P(1— he — ),  (3)

My + By < Wy,

together with a no-Ponzi games condition. For simplicity we assume that
Wy = 0. If the initial nominal wealth was strictly positive it would be
optimal to set the initial nominal price level to an arbitrarily large number,
which would fully devalue the initial real wealth.

The private problem is defined by the maximization of (1), subject to (2)
and to (3).The first order conditions include

U (t)
=(1+714)(1+1(1), 4
O () (14 7e) (1 + L (1)) (4)
Un(t)
— =1 6
A (6)
where 1 +7y11 = (1 +4441) Pi - The optimal choice of real balances requires

that the private marginal value of using money, —I,,, is equal to its opportu-
nity cost, ;. The implementation of the Friedman rule, 7; = 0, implies that
ln = 0.

The government minimizes the excess burden of taxation by solving a
Ramsey problem. The Ramsey solution is an allocation and a set of prices
and policy variables such that welfare is maximized and the allocation can
be decentralized as a competitive equilibrium.

An implementability condition, obtained using the first order conditions
of the private problem to express taxes and prices in terms of quantities,
together with the resources constraints, guarantees that the optimal alloca-
tion can be decentralized. Let d; = m , with dg = 1. Since at the
optimum, tlLI?o (dymy + dyB;/p:) = 0, the set of budget restrictions can be

written as



Zdt(l + Tct)ct + Zdtitmt = Zdt(l — ht — St). (7)
=0 =0 =0
Using the homogeneity assumption to obtain [ (t) — I, (t)m; = . (t) e; —
(k—1)1(t), and using the first order conditions (4), (5) and (6), to replace
taxes and prices in the intertemporal budget constraint (7), we can write the

implementability condition as
Zﬂt {Uc(t)er — Up(t) [1 — he + (1 — k)l (e(1 + 7et), my)]} = 0. (8)
=0

The resources constraints are
Ct+gt S 1—ht—l(Ct(1+Tct),mt), (9)

where 7. has not been fully substituted in the implementability and resource
constraints, for analytical convenience. (4) is a constraint of the Ramsey
problem since it implicitly defines the consumption tax as a function of the
quantities, 7o = 7. (¢y, by, my).

The Ramsey problem is the choice of {¢;, hy, mu},~, that maximizes (1),
subject to (8), and (9), and where taxes are defined implicitly by (4).

Let ¢ and '\, , t > 0, be the multipliers associated with conditions (8)
and (9) respectively. Since they measure, respectively, the excess burden of
taxation and the shadow price of resources in this economy, they must be
positive at the optimum.

From the first order condition of the private problem (5), we know that
1: = 0 decentralizes an allocation where real money balances are at full
liquidity. Hence, we can analyze the optimality of the Friedman rule by
verifying whether [, = 0 satisfies the first order conditions of the Ramsey
problem.

The marginal condition of the Ramsey problem, for real balances, is given
by
OTet

Ct
8 my

— [YUR() (k= 1) + o] |l () + L (2)

=0, (10)

where, from condition (4),

OTet (1 4 Tet)lem (1) _ Uelen (1) (11)
omy T+l (D) + (Lt 7a)Clee () cUddew (8) + Un (11 L (1))

This optimum marginal condition justifies the following proposition.
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Proposition 1 Let the government finance expenditures with a consumption
tax and an inflation tax, and let the transactions technology take the form in
(2). Then, when either lo, (t) or l.(t) is zero at the point of full liquidity,
1, =0, for all t, is the optimal solution.

Proposition 1 extends the results in the literature. Guidotti and Végh
(1993) and Mulligan and Sala-i-Martin (1997) argue that, when transactions
time is a function of consumption gross of taxes, the Friedman rule only
holds if the additional assumption is made, that [, () is zero at full liquidity.
For homogeneous functions of degree different from zero, this amounts to
assuming that time spent on transactions at full liquidity is zero. Instead,
Proposition 1 states that even when time spent on transactions is positive at
full liquidity, the Friedman rule may still be optimal, provided that lo,, (t) =
0.

If taxes were not paid with money, then the transactions technology would

be
M,

s =1 <ct, ﬁ) . (12)

The term [ (t) ¢; g;gz in the first order condition of the Ramsey problem

(10) would disappear, and the relevant marginal condition would be

(WU (1 = k) = A b (2) = 0. (13)

The solution can be decentralized with 7, = 0 and with either a con-
sumption tax, or alternatively an income tax. The equivalent income tax is

If money was not needed to pay taxes, the Friedman rule would be op-
timal for homogeneous functions of any degree, irrespective of which is the
alternative tax instrument. However, while it is reasonable to assume that
income taxes do not have to be paid with money, that is not the case for
consumption taxes. Once we rightly assume that consumption taxes must
be paid with money, the equivalence of the two alternative tax instruments
is lost, and the Friedman rule is optimal under the additional conditions
derived above.

In the next section, and through the end of the paper, we provide the
intuition for these results.



3 Understanding the Conditions for the Op-
timality of the Friedman Rule

In the last section we showed that, when the government chooses the optimal
combination of the inflation tax and the consumption tax, conditions on
the derivatives, [, and [.,,, of an homogeneous transactions technology, s =
[(e,m), must be satisfied in order for the Friedman rule to be optimal. In
order to provide a clear intuition for these results, it is useful to consider
an equivalent economy to the monetary economy where real balances can be
a costly good, and where all the goods are produced by firms, so that the
implicit profits in the production of transactions are made explicit. This is
the strategy followed in Correia and Teles (1996).

Since the full dynamic problem is stationary®, we will consider that the
equivalent real economy is static. The structure of this economy is depicted
in Figure 1.

Production structure in an equivalent real economy.

Consumption is produced using time, n;, and transactions , accord-

ing to a Leontief technology, ¢ = min (ﬁ, nl) . The coefficient of the first

argument in the Leontief technology is H% because transactions time is a

3The stationarity of the Ramsey solution is not a restriction but rather a result of
optimality. It also does not depend on the assumption that initial total nominal assets are
zero. If these were strictly positive, it would still be optimal to set the real value of those
assets to zero, and the solution would be the same.
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function of transactions gross of the consumption tax, so that s = l(e,m),
where e = (14 7.) ¢ are expenditures. The production of money requires
labor, ny, according to a linear technology with a fixed coefficient, m = ans.
The tax structure in this economy is restricted by the fact that transactions
time and labor cannot be taxed. Therefore, revenues can only be raised
through a tax on consumption, 7., and an ad-valorem tax on money, 7,.
Firms maximize profits from the production of consumption, transactions,
and money. Profits are distributed to the households, which are also the
owners of the firms. The households maximize utility, subject to the budget
constraint
c(l4+7) <w,(1—h)+I1(1+7). (14)

Here wy, is the common implicit wage in all the activities, and II are profits in
units of the consumption good, obtained from the production of transactions,
which is the only activity that may not be constant returns to scale. The
optimality conditions* require that

_1—|—Tm
o«

L,

A transformed Friedman rule would correspond in this context to 7, = 0,
and m would be priced at the cost of production i Using the first order
conditions from the profit maximization of firms, we can derive the following
expression for I, as a function of ¢, h, and m:

_ U

IT
Ue

(k — 1)I. (15)

The benevolent government maximizes the households’ utility, subject to
the implementability condition and the resources constraint. The constraints
can be expressed respectively as

Uc — Uy (1 = h) — U =0, (16)

and m
c+g—1+l((1+7’c)c,m)+h+g:O. (17)

4See Appendix A for a derivation of the first-order conditions, the implementability
condition, and the profit function.
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The marginal condition in the government problem for real balances is

1
UL, + lzm 1.0 —1 —0. (18)
om «
where - 5
M. — 2k _1 9Te
"ouU, (k ) [lm + lecam] ’
and
0T, — (14 7) lem

om  1+1le+ (1 47)cle

The first term in the first order condition (18) is the marginal impact of a
change in real balances on profits, while the second term is the total marginal
impact of the change in real balances on resources. This includes the direct
effect 1,,, the indirect effect through expenditures lec%, and the effect on
resources from the costly production of the good é The effect through
expenditures lecg:; results from the impact that a change in real balances
can have on both the inflation and the consumption tax. The change in the
consumption tax will in term affect expenditures which can have a marginal
impact on time used for transactions.

When the marginal production cost of real balances is zero, so that é =0,
then at full liquidity, where [,,, = 0, the marginal impact both on profits and
on resources is also zero as long as [, = 0, or % =0. % =0, when [, = 0.

Notice that the first order condition (18) can also be written as

— U, (k — 1) + \] lzm n lecg;—;

1
]+A—:o,
«

which is the same expression as (10), when £ = 0. So the conditions obtained
in the last section, for the Friedman rule to be optimal are conditions on the
marginal impact on profits and resources.

One case in which clearly there can be no effects on time used for transac-
tions, is when k # 0 and . is zero, at full liquidity. In this case, from Euler’s
theorem sk = l.c(1+ 7.) + l,,m, it must be true that, at full liquidity, the
time spent on transactions is also zero. A zero inflation tax is optimal in this
case. Consider now that £ = 0, as it is the case when the technology takes
the form suggested by the Baumol-Tobin model of the demand for money.
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It follows that [, must be zero at full liquidity, while transactions time may
well be positive at that point. Then, even though transactions are costly at
the point of full liquidity, a marginal change in real balances does not affect
time used for transactions. Hence, the Friedman rule is also optimal.

Suppose now that real balances were costly to produce, i.e. é # 0.
Then a transformed Friedman rule would correspond to a zero tax on the
intermediate good m, so that the price of real balances would be the cost of
production, [, = —%. In this case, the conditions [, = 0 or [, = 0 would
not be satisfied at the point [, = —é, so that in general there would be an
impact on profits and on real resources, and therefore the second best would
not be characterized by a zero tax on m. If the transactions technology
was homogeneous of degree 1, the profits would be zero, but the term of the
marginal effect of real balances on resources would still not cancel out, and so,
also in this case, it would be optimal to tax the intermediate good. Because
of the particular production and tax structure in this economy, Diamond and
Mirrlees (1971) taxation rules of intermediate rules cannot be applied.

When the cost of producing the intermediate good approaches zero, it may
already be reasonable to make the assumptions that zero out the impact of
changes in real balances on profits or on the resources. In fact the assumption
that [, = 0, has been made in the literature (V. Kimbrough, 1986), since it
means that time used for transactions is zero at full liquidity (for degree of
homogeneity different from zero). Also, when full liquidity is attained at an
arbitrarily large value of real balances, then [.,, = 0, when [,,, = 0. In fact, at
full liquidity, le,, = 0 implies that [,,,, = 0, and this must be true if ,, < 0.
l., <0 is one of our assumptions on the transactions technology.

In any case, it is still possible that . (t) and I, (t) are not zero at full
liquidity. Since, when that is so, the two taxes on consumption and on income
are not equivalent, it is necessary to compute the optimal inflation tax when
both taxes can be used together with the inflation tax. We do this in the
next section.

4 Taxes on Money, Consumption and Income

In this section we allow for both the consumption and the income taxes to
be used together with the inflation tax. We show that the conditions under
which the Friedman rule is optimal are the general conditions of homogeneity
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of the transactions function as obtained in Correia and Teles (1996, 1997),
using only income taxes as the alternative to the inflation tax. We also show
that unless [, = 0, at full liquidity, the optimal policy combination requires
to fully tax income and subsidize consumption. In that world where the
government would be withdrawing all the income to give a part back to the
agents as consumption, gross expenditures would be zero and resources used
for transactions would be minimized. We proceed to show these results.

The households now maximize (1), subject to (2) and to the budget con-
straint:

P,(147e)ee+ M+ Bir < Po(1—m) [1 — he — (1 + 7ot ) o, mg) |+ M+ (144 By

(19)

Mo+ By <0

At the optimum the following marginal conditions must be satisfied:
U (t) 1
=14+74) |——+1L(t)], 20
Uh (t) ( t) l(l — Tlt) ( )] ( )
.
1-— Tit
Uh(t) 1 — Tt

—— = (14 — . 22
BUL(t+ 1) (Lt 7e) <1 — Tlt+1> (22)

Notice that there is an indeterminacy of the prices from the private prob-
lem. In fact, (20) and (21) are two equations in three unknowns: 7., 7,
and ;. Therefore, it is only possible to express two prices as functions of the
quantities and of the remaining price. We choose to express 74, and i; as a
function of 7.

In this setup the Ramsey problem is defined by the maximization, with
respect to the quantities and to the level of the consumption tax, of the
utility function, subject to the implementability condition and the resources
constraint.

Substituting equations (20)-(22) into the intertemporal budget constraint,
rearranging, and using the fact that [(¢) is homogeneous of degree k, we
obtain the same expression for the implementability condition as in the case
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when a consumption tax is the only alternative tax to inflation. We rewrite
it here for convenience:

ioﬁt {U(t)ee — Up(t) [(1 — hy) + (1 — k)l (ce(1 + 7e), me)]} = 0. (23)

The resources constraints are also identical, and are given by
Ct‘l—gt S 1—ht—l(ct(1—|—7'ct),mt). (24)

Notice, however, that now 7, is a choice variable for the government.
Let ¢ and ')\ be the multipliers of the implementability conditions and the
resources conditions, respectively. We will be using the first order conditions
of the Ramsey problem, for leisure, real balances, and the consumption tax,
that are given respectively by

Un+0{Unct + Uy = Upp [1 — e + (k=1L ()]} = N (25)
— [YUn (k — 1) + M) L (t) = 0. (26)
— WU, (k= 1) + M\ cle (t) = 0. (27)

Proposition 2 Let the government finance expenditures through an income
tax, a consumption tax, or an inflation tax, and let the transactions technol-
ogy take the form in (2). Then, an interior solution of the Ramsey problem
requires that b, (t) = 1. (t) = 0. Also,

i) if l(t) = 0 at full liquidity, for any e;, then the optimal solution is
decentralized by i; = 0, and by a continuum of combinations of 7., and
Tie. This is the case for the Baumol-Tobin transactions technology;

i) if le(t) > 0 at full liquidity, for any e;, then the optimal solution is
decentralized by iy = 0, 7, = —1, and 7, = 1. In this case expenditures
are zero at the optimum.

Proof. From (26) and (27), if the term in square brackets is not zero, then it
is clear that an interior solution must satisfy [, (¢) = l. (¢) = 0. In Appendix
B, we show that, indeed, the term in square brackets is strictly positive. We
now proceed to show i) and 7).
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i) Let [. = 0 at full liquidity, for any e; = ¢;(1+7.). Then, equation (26) is
satisfied by I,,, (t) = 0, and equation (27) is satisfied for any value of 7.
From the first order condition of the private problem (21), the optimal
solution is decentralized by i; = 0, and by any combination of 7; and 7,
which satisfies the private first order condition (20). For transactions
technologies with k = 0, in particular for the Baumol-Tobin, [, = 0 at
full liquidity, for any e. This is clear since, sk = l.e +1,,m, from Euler’s
theorem.

ii) Let [. > 0 at full liquidity, for any e;. As shown in Appendix B, the
term in square brackets in (27) is not zero and therefore, there is no
interior solution.

We now check for a corner solution. The effect of a marginal change
in the consumption tax on welfare is given by the derivative of the
Lagrangian of the Ramsey problem with respect to 7., which can be
rewritten as

oL
37’0,5

Since [, (t) > 0, and since the term in square brackets is positive for
any degree of homogeneity of the transactions technology, % is always
negative. Therefore, it is always optimal to decrease the consumption
tax in order to increase welfare. Hence, we conclude that welfare is
maximized at 7. = —1. Beyond this point expenditures would become
negative and the problem would not be well specified.

= —[YUn (k= 1) + A cile (2). (28)

From the first order condition of the private problem (20), rewritten as

Up (t) (1 + 7et)
Ue(t) — Uy () (1 + 7et)le (2)’

it follows that the optimal value of the income tax is 7y = 1.

e =1-—

Since, from (26) at the optimum [,,(t) = 0, the Friedman rule, i, = 0,
is always optimal H

The proposition states that, when we allow for the use of both consump-
tion and income taxes as alternative tax instruments to inflation, the Fried-
man rule is always optimal. The intuition is that, for any fixed level of the
consumption tax, it is always preferable to set the inflation tax to zero and
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to raise the necessary revenues through the income tax. This is the standard
problem analyzed by Correia and Teles (1996, 1997) when they compare the
inflation tax with an income tax. The consumption tax is just a parameter
in that problem. So it is clear that the Friedman rule is always optimal.
The particularly striking lesson from Proposition 2 is that when [, is never
zero at the point of full liquidity, or when [, is zero only when e = 0, then
the optimum requires that consumption is completely subsidized and labor
is completely taxed. In that solution, households are left with no income,
and consumption is free. Since consumption is free, there are no transactions
and therefore, resources spent on transactions are minimized. In particular,
when k£ > 0, transactions time is zero at the optimum, no matter what the
level of consumption is.

This objective to minimize resources used for transactions also explains
the restrictive conditions for the optimality of the Friedman rule, when the
choice is between the inflation tax and the consumption tax. Also there,
there is an incentive to reduce the tax on consumption in order to save on
resources used for transactions. When the income tax is available as well, it
is then possible to take this argument to the limit, and as a result we obtain
the extreme policy prescription that consumption should be fully subsidized.

At the heart of this problem, there is an incorrect specification of the
transactions technology. Notice that in this economy time used for transac-
tions is minimized when the government has to withdraw all the resources
in circulation and then give them back as consumption to the agents. We
now turn to the discussion of an alternative, more appropriate, specification
of the transactions technology.

5 Improving on the Specification of the Trans-
actions Technology

The transactions technology has so far been represented by

M,
St = l (Ct(]. -+ Tct); Ft>
t

This specification has an undesirable property that explains the unreasonable
policy prescriptions obtained before. In fact, notice that, from homogeneity,
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the function can be written as

M,
St — (1 + Tct)kl <Ct, m) (tCtg)

where £ is the degree of homogeneity. Notice that, for k£ # 0, it is possible
to change time used for transactions, without changing the real quantity of
transactions measured in units of the consumption good, ¢;, and without
changing the real quantity of money required to buy those goods, ﬁ.
This can be achieved by appropriately changing the tax on consumption
and %t An extreme example of this is that, by changing %’f to restore full
liquidity, it is possible to pick 7., = —1. As a result e; = 0, and then time
used for transactions is also zero, s; = 0. This is clearly a weakness of the
specification.

We propose now a specification of the transactions technology that does
not share this property for any degree of homogeneity. Indeed, it is a good
property of the model that when the real quantity of the goods does not
change and when money needed to buy these goods does not change as
well, then time used for transactions should not change either. The new
transactions technology is described by

~ Mt
=1 —_— . 29
St (cta (1 +Tct).Pt> ( )
The two specifications are equivalent when & = 0. In this case, at full

liquidity, l.(t) = I.(t) = 0, and therefore it is not possible to affect the time
used for transactions.

Under the new specification of the transactions technology, the Friedman
rule is optimal when the government chooses between taxing consumption
or money. We now proceed to show this. We go back to the model economy
of Section 3, where the only alternative to inflation is a tax on consumption
and where taxes are paid with money. The difference is that we adopt the
new specification for the transactions cost technology, as described by (29).

The households then maximize (1), subject to (29) and to the budget
constraint (3), where Wy = 0. The first order conditions are:

U (t)
Up (t)

=147y + 1 (1), (30)
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I (1) = i (1 + 7o), (31)
Un(t)

G va— 32
BUMt+1) (32
Now, define m; = Pt(fcht). Substituting equations (30)-(32) into the

intertemporal budget constraint (7), and using the fact that I (t) is homoge-
neous of degree k, we obtain the implementability condition

25’5 {Ue®)er = Un(t) [(1 = he) + (1 = B)I (e, 7)] } = 0. (33)

The resources constraints are given by
ct+g <1—h— Z(Ct,?ﬁt) - (34)

The marginal condition of the Ramsey problem for m; is

— [ (k—=1)+ NI~ (t) = 0. (35)

where ¢ and 3')\; are the multipliers of the implementability conditions and
the resources conditions, respectively.

Proposition 3 The Ramsey allocation, when the government can finance
expenditures through a consumption tax and an inflation tax, and the trans-
actions technology takes the form in (29), is decentralized by iy = 0, for all
t.

Proof. At full liquidity, I~ (t) = 0. From equation (31) it appears that the
optimal solution could be decentralized by either 7y = 0 and 7, > 0, or by
T« = —1 and iy > 0. However, setting 7., = —1, would imply that the relative
price of consumption would be zero, which would correspond to satiation in
consumption. In fact, we can rewrite the first order condition of the private
problem, (30), as

U (t) — 1. (t) Uy (t)

Un (¢)

When 7., = —1, it must be that the left hand side of the equation above is set

to zero. This is the case when U, (t)—l. (t) U, (t) = 0, i.e. the marginal benefit
of consumption, net of the cost in terms of leisure of higher transactions time,

=1 + Tet.
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is zero. The price of consumption becomes so low that households are satiated
in consumption®. This is not feasible B

Under the new specification, it is no longer possible, at full liquidity, to
reduce time used for transactions by increasing the subsidy on consumption.
In fact, in this case ks, = [.(t)c: + I (t)my, where my; = Pt(ﬁ’fm). Thus,
decreasing the tax on consumption, at full liquidity, does not affect the time
used for transactions.

The results in this section allow us to conclude that the Friedman rule
is the optimal policy for all homogeneous transactions technologies. It is
therefore a general result. The only remaining argument for fragility of the
optimality of the Friedman rule is lack of homogeneity. In fact if the transac-
tions technology is not homogeneous the Friedman rule may not be optimal®.

Theoretical work on transactions technologies supports the assumption
of homogeneity. This is the case in Baumol (1952) and Tobin (1956), the
generalization of Barro (1976), Guidotti (1989) or Jovanovic (1982). In all
these models the transactions technologies are homogeneous of degree zero.
Marshall (1992) proposes and estimates a transactions technology that is
homogeneous of degree one; and Braun (1994) estimates the degree of homo-
geneity to be .98.

Homogeneous functions have the property that the scale elasticity of the
money demand is one, at full liquidity. Indeed, for an homogeneous function
s = l(e,m), we can write [ = L(%Z)e*. At full liquidity, we have L'(Z) = 0,
so that m = ae, where « is a constant. While there is empirical evidence,
often contradictory, on the scale elasticity, there is virtually no evidence
on the elasticity at full liquidity. The closest evidence are the results in
Mulligan and Sala-i-Martin (1996) that suggest that the scale elasticity of
the household demand for money approaches one for interest rates that are
below the current ones. In any case, in the computation of the optimal
inflation tax, Mulligan and Sala-i-Martin (1997) make the assumption of
homogeneity, and concentrate on the impact of the restriction that taxes are
paid with money on the optimal inflation tax. Not surprisingly they conclude
that the optimal inflation tax is very close to the Friedman rule.

5If there were taxes on income, those taxes could undo this effect, and it could still be
optimal to set 7., = —1, as is the case in Section 3.

6Correia and Teles (1998), using a calibrated model with US data on the money de-
mand, show that if the transactions technology is not homogeneous, still the optimal
inflation tax is very close to the Friedman rule.
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6 Is the Optimality of the Friedman Rule a
Robust Result? Concluding Remarks.

In this paper, we compute the optimal inflation tax in a simple monetary
model where money and time are used for transactions. We show that the
Friedman rule is the optimal solution whether the fiscal choice is between an
income tax and an inflation tax, a consumption tax and an inflation tax or
the three tax instruments, and whether taxes are paid with or not. In doing
so, we object to the claim in recent literature (V. Mulligan and Sala-i-Martin,
1997) that, when taxes must be paid with money, the conditions under which
the Friedman rule is optimal are restrictive and that therefore the optimality
of the Friedman rule is a fragile result. We argue that a mispecification of
the transactions technology is the reason for the apparent fragility of the
optimality of the Friedman rule, when consumption taxes are used.

When the government faces the problem of choosing the combination of
the income and the inflation tax, the optimal solution is to fully use the
income tax and abstain from taxing money, for homogeneous transactions
functions of any degree. This is shown in Correia and Teles (1996, 1997).
The reason for the general result of optimality of the Friedman rule is the
free good characteristic of money. Indeed, if money was costly to produce,
it would only be optimal not to tax money for constant returns to scale
transactions technologies.

The literature on the optimal fiscal choice between the inflation tax and
a consumption tax has identified additional restrictions for the Friedman
rule to be optimal, when taxes are paid with money. We show that these
restrictions are no longer necessary when income taxes are also available,
together with consumption taxes. We also show that the reason for the
additional restrictions is a mispecification of the transactions technology.
Under a more reasonable specification where this property is not present,
the result shown by Correia and Teles (1996, 1997) that the optimality of
the Friedman rule is a robust result is fully recovered.

The transactions technology, as is specified in that literature, has the un-
desirable property that it is possible to reduce the time used for transactions,
without changing real consumption and real money used to buy it, by reduc-
ing the tax on consumption. In particular if consumption is fully subsidized,
then time used for transactions can be set to zero. Since income taxes are
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available, it is feasible, and may be optimal, to fully subsidize consumption
by fully taxing income. The same mechanism explains the restrictive condi-
tions identified in the literature for the Friedman rule to be optimal, when
the government chooses the optimal combination of the inflation tax and a
consumption tax.

The optimality of the Friedman rule is indeed a robust result because
the generality of the required conditions of homogeneity can not be found in
any other sets of rules in the Public Finance literature. It is the free good
characteristic of money that explains this robustness. The relevant question
amounts to asking: What is the optimal price charged on a good that has
a very low cost of production? Even if the optimal ad-valorem tax is very
high, still the price should in general be quite low. This is the reason for the
robustness of the Friedman rule as an optimal taxation rule.
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A Restrictive conditions for the optimality of
the Friedman rule

In the equivalent real economy to the monetary economy, illustrated in Figure

1, consumption is produced using labor nq, and transactions, 1=, according
c

to a Leontief technology, ¢ = min NSHLT, n1> . The production of transactions
requires time, s, and money, m. Money also requires labor, ny, according to
a linear technology with a fixed coefficient, m = ans. Since transactions time
and labor cannot be taxed, revenues can only be raised through a tax on
consumption, 7., and an ad-valorem tax on money, 7,,,. The wage for labor
in all the activities must be the same and is denoted by w,, while p; is the
price of good j in units of the consumption good. II are profits, expressed in
units of the consumption good, obtained from the production of transactions,
that is the only production function that is not constant returns to scale.
Households’ problem

MazU/(c, h),

st. c(l4+71)=w,(1—h)+1I(1+7.).
The problems of the firms

i) Max II° = ¢ — 11”_7;”1 ~ pee,
Te
e ()
S.U. ¢ = min n .
147’ !
n m 1 m
it) Max II° = e — W pm(LHT )m,
(14 7¢) pe Pe
st. s=1(e,m).
iti) MaXHm:m—%,
Te) Pm

s.t. m = ans.

First order conditions:

U 1+

Uh Wp,

(36)
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from the household’ problem:;

W, 1
e = 37
SN TN ER (37)
e
=ng = 38
C="n (1 + Tc) ( )
from firm (¢) problem;
1 C e
l, = A +7)pe (39)
Wy,
- (14 70) Pm (40)
(114?%)
from firm (i7) problem;
pm(l+7) 1
Wy, @

from firm (i47) problem.

To obtain the implementability condition (16), plug the first-order con-
ditions (36) into the household’s budget constraint.

To obtain the expression for profits, in units of consumption,

Wy S

147,

H:peﬂezpee— — Pm (1+Tm)m7
Using (39) and (40) to replace p. and py, (1 + 7,) respectively, and using (36),

Wy, :
to replace 772, we obtain

Un
= F(k_ 1)[(0(1+TC)7m)

C

IT

B Proof of Proposition 2
Here we show that, at the optimum,
¢Uh(k—1)+)\t>0

When k > 1, the term is strictly positive, because the multipliers are strictly
positive. In fact, 1» > 0 at the optimum since it measures the excess bur-
den of taxation. When k < 1, an argument similar to the one used in
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Correia and Teles (1996) ensures that the term is still strictly positive. To
see how, substitute \; with the expression given by (25). Since the prob-
lem is stationary, manipulating the implementability condition we obtain

D(t)ey = [1—hy+ (k—1)1(t)], where D (t) = %C(% is the marginal rate
of substitution between consumption and leisure. Using this expression and

rearranging terms, we obtain that
[¢Uh (k’ - 1) + )\t] =U,+ [Uh (t) Dy, (t) ¢+ Uy (t) k’] > 0.

The sign given to the expression follows from the fact that, if consumption
is a non inferior good, an increase in leisure increases the marginal rate of
substitution, so that Dy, () > 0.
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