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Introduction and summary

One of the basic monetary policy issuesfacing the mo-
nopolist supplier of currency iswhat priceto charge for
itsuse. The price paid for the use of currency, by house-
holds or firms, isthe foregone interest on lessliquid,
but riskless, assets such as short-term government
bonds. Thus, the question of what price to charge for
the use of currency isidentified with the question of
what isthe optimal nominal interest rate.

According to Friedman (1969), monetary policy
ought to be conducted so that the resulting nominal
interest on short-term, less liquid assetsis zero. The
argument for the Friedman rule is very simple: Since
the cost of supplying money is negligible,* the price
charged for its use should also be very close to zero.

Thefirst best argument of Friedman (1969) was
challenged by Phelps (1973) on the basis that a posi-
tive nominal interest rate generates tax revenues for
the government. According to Phelps (1973), since the
alternative sources of revenue also create distortions,
liquidity should be taxed like any other good. This
public finance argument motivated aliterature on the
optimal inflation tax in a second-best environment,
where the government is constrained to finance exoge-
nous government expenditures by recourse to distor-
tionary taxes. Somewhat surprisingly, the recent literature
on the optimal inflation tax has argued that, evenin a
second-best environment, it is optimal not to use the
inflation tax, so that the Friedman rule is still optimal.
Why is this the case? Why shouldn’t liquidity be taxed
like any other good, as argued by Phelps (1973)?

Inthisarticle, | review some of the results ob-
tained in the literature on the optimality of the
Friedman rule. | base the analysis on Correiaand
Teles (1996, 1999) and De Fiore and Teles (2003),
which have built on work by Kimbrough (1986),
Guidotti and Végh (1993), and Chari, Christiano,
and Kehoe (1996), among others.
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| start by analyzing a simple environment where
liquidity services are modeled as afinal good, so that
agents gain utility from consumption, leisure, and real
balances, measured by the stock of money deflated by
the priceleve. Thisisthe context in which the argument
of Phelps (1973) was made. According to Phelps, an
application of the Ramsey (1927) principles of taxation
of final goods, would mean that tax distortions should
be distributed across goods, including liquidity services.
Since the public finance principles, such as Ramsey
(1927), were applied to costly goods, | allow for the
possihility that money is costly to supply. | assumethat
the utility function satisfies the conditions for uniform
taxation of final goods, established by Atkinson and
Stiglitz (1972). In that case it is optimal to tax money,
at the same proportionate rate as the consumption good.
Thus, the price charged for the use of money, the nominal
interest rate, int, should be equal to the cost of produc-
ing real balances, ¢, marked up by the optimal com-
mon tax rate, T, on real balances and consumption,

int* = c(1+t*).

Asthe cost of producing money, ¢, isreduced, so
isthe optimal price charged for the use of money, int*.
When the cost is zero, ¢ = 0, the optimal nominal in-
terest rate is also zero,

int* = 0.
Thus, even if the optimal proportionate tax on
money is positive and relatively high, because the pro-

duction costs of money are very small, the optimal price
charged for money and therefore the implicit unit tax
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may also bevery small. Inthis case, it is clear that the
reason for the optimality of the Friedman ruleisthe
fact that money is costless.

Since real balances measure the purchasing power
of money, it is more appropriate to use, as its measure,
the stock of money deflated by the price level gross of
consumption taxes, rather than net of these taxes. The
reason for thisisthat the consumption taxes are typical-
ly paid using the same means of payment as that used to
purchase the consumption goods. A small modification
of the model described above considers this measure
of real balances. The fact that money balances are de-
flated by the price level gross of taxesimplies that the
price paid for the use of real balancesis now the nomi-
nal interest rate marked up by the consumption tax. Un-
der the conditions for uniform taxation, in order to
guarantee that real money istaxed at the same rate as
consumption goods, the nominal interest rate ought
to be equal to the production cost of real balancesc,

int* =c.

If the production cost ¢ is negligible, then the nom-
inal interest rate should be zero. Thus, also in thiscase,
money is optimally taxed at a positive proportionate
rate. However, the total price charged for money when
the cost of producing money is zero is still zero,

int* (1 +t*) = 0.

Againin this case, the Friedman ruleis optimal
because of the assumption of a negligible production
cost of money.

In the examplesjust described, liquidity was treat-
ed asafinal good like any other consumption good.
In reality, liquidity is valued because it reduces trans-
action costs. Modeling money as an input in the pro-
duction of transactions, rather than as an argument in
the utility function, hasimplications for the optimal
inflation tax when money is costly to produce. Under
the assumption that money is costly, if the transactions
technology is constant returns to scale, real balances
should not be taxed.? Thus, the optimal tax rate on
real balancesis

™ =0.

Thisisinthe spirit of Diamond and Mirrlees (1971)
taxation rules, whereby it is not optimal to tax inter-
mediate goods when the technology is homogenous
of degree one. If instead, the degree of homogeneity
of the transactions technology is different from one,
asin the case of the transactions technology proposed
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by Baumol (1952) and Tobin (1956), then it is opti-
mal to set anon-zero tax on the use of real balances,

The optimal proportionate tax or subsidy does
not approach zero as the cost of producing money be-
comes arbitrarily small. However, in the limit, when
¢ =0, the price of using money, that is, the nominal
interest rate marked up by the consumption tax,
int* (1 + t°), is zero,

int*(L+t%)=c(l+7*)=0.

The Friedman ruleis optimal. Thus, in this envi-
ronment aswell, it isthe costless nature of money that
justifies not taxing real balances. | review these results
based on Correiaand Teles (1996, 1999).

Theanalysisin this article compares, in welfare
terms, consumption taxes to the inflation tax and leaves
out incometaxes. The reason for thisisthat, under rea-
sonabl e assumptions on the transactions technol ogy,
consumption and income taxes are equivalent tax in-
struments, and so the result on the optimal inflation
tax is unchanged whether one or the other alternative
tax is considered. That is not the case when one uses
the standard specification of the transactions technol-
ogy, first proposed by Kimbrough (1986). Consequent-
ly, the issue of which alternative tax instrument one
considers has received some attention in the literature.
When the alternative tax isan income tax, the Friedman
ruleis optimal, while when the alternative is a consump-
tion tax, the conditions for the optimality of the
Friedman rule are more restrictive. Mulligan and
Sala-i-Martin (1997) used thisfact to argue for the
fragility of the Friedman rule. | review their claim,
which is assessed in De Fiore and Teles (2003).

The policy implications from the analysisin this
article should be taken with some caution, since the
analysis abstracts from the role of monetary policy as
stabilization policy, justified by the presence of nom-
inal rigidities that are assumed away in the analysis.
In models with those frictions, although there are sim-
ple structures where the Friedman rule is still optimal
(see Correia, Nicolini, and Teles, 2001), in more com-
plex staggered price-setting environments, the optimality
of the Friedman ruleislost. Nevertheless, the optimal
inflation rateis till avery low number. Another aspect
of monetary policy that this analysis abstracts fromis
the issue of commitment. The assumption hereisthat
the policymaker can commit to future policy. If that is
not the case, the policy suggestionsin this article will
not be of much use.
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A simple model of liquidity as a final good

Thefirst model | consider is asimple money-in-
the-utility-function model. In such models, agents use
real balances because they provide utility directly. This
assumption is useful in the context of the analysisin
this article to assess the public finance argument, orig-
inally made by Phelps (1973), that liquidity should
be taxed like any other good.

The preferences of the househol ds depend on con-
sumption, leisure (defined here as time not devoted
to the production of the consumption good), and real
balances. In afirst version of the model, | define real
balances as the nominal balances deflated by the price
level net of consumption taxes. The goods are produced
with time and, for the sake of understanding the im-
plications of money being a costly good, thereisaso
atime cost of real balances.® The government must fi-
nance exogenous expenditures with either consump-
tion taxes or the inflation tax. A positive inflation tax is
levied whenever the price charged for the use of money
ishigher than the cost of producing it, that is, when the
nominal interest rate is higher than the time cost of pro-
ducing real balances. When that cost is zero and thein-
terest rate is also zero, the Friedman ruleis followed.
When the cost is positive, a modified Friedman rule,
which takesinto account that money is costly, setsthe
nominal interest rate equal to the cost of real balances.

Inthismodel the nominal interest rate creates adis-
tortion between real balances and leisure when it differs
from the cost of producing redl balances. A non-zero con-
sumption tax creates a distortion between consumption
and leisure. In thismodel where real balances are afinal
good, adirect application of the Ramsey (1927) prin-
ciples of taxation would suggest that real balances ought
to be taxed like any other good. Indeed, under the con-
ditions on preferences established by Atkinson and
Stiglitz (1972), the two goods, consumption and money,
should betaxed at the same proportionate rate. Therefore,
under those conditions, the nominal interest rate should
be equal to the production cost of money marked up
by the proportionate tax levied on the consumption
goods. This means that even for avery small cost of
producing money, the modified Friedman ruleis not
exactly optimal. It is approximately optimal, though.

The Friedman ruleis optimd in thelimit case where
the cost of supplying money is exactly zero. Asthe cost
of producing money approaches zero, the consumption
tax convergesto afinite and strictly positive number,
and thus the optimal price charged for the use of money
converges to the production cost, that is, zero. In this
case, it isclear that the optimality of the Friedman rule
hinges on the assumption that money is costless. The
formal analysis of this problem is described in box 1.
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Money is deflated by the price level gross
of consumption taxes

Above, | assumed that liquidity services were rep-
resented, asafina good, by the stock of nomina money
deflated by the price level net of taxes. However, if
consumption taxes are paid with money, the liquidity
services of money are more appropriately described
by the stock of money deflated by the price level gross
of consumption taxes. What are the implications of
considering this measure of real balances?

If liquidity services are measured by money de-
flated by the price level gross of consumption taxes,
money isimplicitly taxed at the same rate as consump-
tion, and so the cost of using money is no longer the
nominal interest rate, but rather the interest rate marked
up by the consumption tax. The relative price of real
balancesin unitsof timeisi (1 +t,), whiletherelative
price of consumption in units of timeis (1 + t_). Under
the conditions for uniform taxation of Atkinson and
Stiglitz (1972), the optimal nominal interest rateis
equal to the cost of supplying real balances,*

i, = oL

Doesthis mean that the Friedman rule is optimal ?
Not really. In this context, amodified Friedman rule
should take into account the implicit taxation of mon-
ey, resulting from the need to use money to pay tax-
es. The modified Friedman rule is such that the total
cost of using money equals the cost of supplying it,

i(1+1)=a

Thus, in order for the modified Friedman rule to
hold, the nominal interest rate would have to include
asubsidy to money at the same rate as the consump-
tion tax that would compensate for the implicit taxa-
tion of real balances.

Under the conditions for uniform taxation, this pol-
icy is not optimal. However, as the cost of supplying
money approaches zero, the two policies coincide. The
optimal policy isthe Friedman rule of a zero nominal
interest rate. Again, in this case the Friedman ruleis
optimal because money has a zero cost of production.
The Ramsey problem in this environment is formal-
ized in box 2.

A monetary model with a transactions
technology

The money-in-the-utility-function models ana-
lyzed in the previous sections can be interpreted as
equivalent representations of models where money
reduces the transactions costs that households have
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BOX 1

The Ramsey problem in a money-in-the-utility-function model

In this model with money in the utility function,
preferences depend on consumption ¢, real balances

. M
m =Ftv where P, is the price level net of consump-

tion ta>t(e£, and time not devoted to producing the
consumption good that | call leisure, b,

D TRV )

The technology to produce consumption uses time
only and islinear with a unitary coefficient.

The representative household chooses a sequence
{c.h’,M,,B}:,, whereB, are nominal securities
that pay (1 +i)B, units of money in periodt + 1, that
satisfies the budget constraint and maximizes utility
in equation 1, given a sequence of prices, {P,i};,
and initial nominal wealth W, = M_ + (1+i_)B .
For smplicity, | assume that the initial wealth is zero,
W, = 0. The budget constraint is described by the
following sequence:

2) M, +B, =M ~(Q+1,)Re +RA-R)
+(1+i)B,t=0
M+ By <W,

together with a no-Ponzi games condition. The vari-
able t_, is the consumption tax rate.

The government finances an exogenous sequence
of government expenditures, {g}, by setting tax rates
on the consumption good, {7}, as well as the nomi-
nal interest rates, {i}. The resource constraintsin
this economy are given by

3 ¢+9,<1-h'—am,t=20,

where o is the cost in units of time of supplying one
unit of real money. It is a standard assumption in the
literature that this cost is zero, oo = 0.

The intertemporal budget constraint for con-
sumers can be written as

8
:U

4) ZQt t (1+Tct)ct+z Qt t' z

0 =0

1

where Q.= At ig)@+i)’

t>0. Maximizing equation

1 subject to equation 4, | obtain the following mar-
ginal conditions:

5) V(t) ——=141,,t20
V., (1)
5 wl__L 59
Vo) (Q+1y)
o BV=O_QR
(0) QP

The marginal conditions 57, the budget con-
straint, 4 satisfied with equality, and the resource
constraints, 3, determine the set of feasible and
implementable allocations, {c,,h',m};,, intertem-
poral prices {ﬂ} , and taxes {t,i};,. This

0" 0 Jt=0
isthe set of competitive equilibriums, such that the
government finances exogenous government expen-
ditures with consumption and inflation taxes. The
government solves a Ramsey problem, by choosing
in this set the path for the quantities, prices, and
taxes that maximizes welfare, thus minimizing the
excess burden of taxation.

The two intratemporal marginal conditions 5
and 6 and the resource constraint 3 determine the
quantities of consumption, leisure, and real balances
in each period t > 0 as functions of the taxes.* Once
{c,,h’,m}, aredetermined as functions of the taxes
{741}, | can use condition 7 to determine the path

P .
QR } as functions
QOQO t=0

of the taxes {t,i};,. The paths of taxes must satisfy
the government’s budget constraint, which can be
obtained from the households’ budget constraint, 4
with equality, and the resource constraints. This strat-
egy of solving the system of competitive equilibrium
equations is the dual approach. Because the system
islinear in the taxes and prices, aprimal approachis
more efficient, where the taxes and prices are ex-
pressed as functions of the quantities, and substitut-
ed in the households’' budget constraint.

of the intertemporal prices, {
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BOX 1 (CONTINUED)

Thus, | substitute the tax rates and prices,

QPR
Taslpp using conditions 5-7 into the budget
QOPO t=0

constraint, 4 satisfied with equality, and obtain the
implementability condition

8) 3 BIV0G+V,OM-V, OQ-H)]=0.

The Ramsey problem will then be simplified to
consist of the choice of the path of quantities,
{c,h’,m};,, that satisfies the implementability
condition 8 and the resource constraint 3 and maxi-
mizes welfare. The taxes and prices that decentralize
the optimal solution can then be obtained from equa-
tions 5-7. The following are first order conditions:

9 Ve() +ylV, +V, (g -V, (DA-h)
+V, ()M]=A,, t=0

10) V,,(O)+wlV,, )+V,,. () -V, O1-h)
V., (OM]=A,, t20

11) Vi () + Vi (1) Vo (G ~V,y, 1)(A-R)
+V, (Hm]=0h,, t =0,

where y and A, are the multipliers of the implement-
ability constraint and the time t resource constraint,
respectively.

Suppose the utility function is additively sepa-
rable in leisure and homogeneous in consumption and
real balances,?so that it can be written as

12) V(c,m h)=u(c,m)+v(h"),

where u is homogeneous of degree k. Then the first
order conditions of the Ramsey problem in equa-
tions 9 and 10 become

13) V(O[1+y(1+k)] = 2,

14) V. (O)[1+y(+k)]=ah,.

From these, | obtain Vm—(t)zoc. Thus, the optimal
policy will not distort the marginal choice between
consumption and real balances.® The way to decen-
tralize this solution is to set the same proportionate
tax on consumption and money. Since, from equa-
tion 6, the relative price of m in

It
Q+7,
estrateisi, = (1+t )0, so that it imposes atax on real
balances, at the same rate as the consumption tax.

In this context, where thereis a cost of producing
real balances, it makes sense to consider a modified
Friedman rule that takes into account the production
cost of money and corresponds to a zero tax on money.
According to that modified rule, the nominal interest
rate should equal the cost of producing real balances,
i, = o.. The modified Friedman rule is not optimal.
Thisistrue for any o > 0 since the tax rate on con-
sumption is bounded away from zero.

Consider a sequence of problems where the cost
of supplying real balances, o, approaches zero. Since
the optimal tax rate on consumption is bounded above,
as the cost of supplying real balances becomes arbi-
trarily low, the optimal interest rate approaches zero.
Thus, in the limit, the Friedman rule is optimal. In
this case, it is clear that the reason the Friedman rule
isoptimal isthe standard assumption of a zero cost
of producing real balances.

units of consumption is )’ the optimal inter-

1If the taxes and the government expenditures are constant
over time, T, =1, i, =1, and g, = g, then the allocation will
be stationary. This steady state will be characterized by

1=(1+i)i,t >0, so that inflation will be constant as well.

B Rﬂ

In this stationary economy, inflation will be equal to the

growth rate of money supply. In order for the nominal in-

terest rate to be equal to zero, so that the Friedman ruleis
followed, it must be the case that the growth rate of mon-

ey supply is negative and equal to 3 — 1.

2The conditions for uniform taxation of Atkinson and Stiglitz

(1972) are separability of leisure and homotheticity in the

consumption goods.

3 T . me .
1N one specification of u(c,M)= +B , homogeneity
= -0

corresponds to equal elasticity. In this case, where the

goods have the same price elasticity, the tax rates ought to

be the same.
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BOX 2

The utility function is

15) ZOB‘V(CU(l TP )

and the resource constraints are given by
16) ¢ +g<l-h'—oam,t>0,

where o is the cost in units of time of supplying one
) = t
unit of real money, m_—(1+TCI)Pt.

The representative household maximizes utility
in equation 15, subject to the intertemporal budget
constraint

17) ZQ‘ (1+tct)ct+z&| (L+1,)m

iQ 2ty

The margina conditions are

19 YO 10 10
v, ()

19) Yo 50
Ve (t)

The Ramsey problem with real balances measured by money deflated by the price level gross of taxes

BV, () _QR |

20) ——
(0) QPR

Proceeding as before, | obtain the implementability
condition

21) BV, ()6 +V,Om -V, O0-R)1=0

The two Ramsey problems are identical once
m isreplaced for m. Thus, when the utility func-
tion is additively separablein leisure and homoge-
neous in consumption and real balances, we have

V() _
V,(t)

As before, the optimal fiscal policy will not distort
the marginal choice between consumption and real
balances. However, in this case, since the relative
price of real balancesin terms of consumption isi,,
the optimal solution will be decentralized with

i, = o,
so that the nominal interest rate does not include a
tax or asubsidy on money. Money is being taxed
implicitly at the same rate as consumption.

Asthe cost of supplying real balances becomes
arbitrarily low, the optimal interest rate approaches
zero. In the limit, the price charged for the use of
money is zero. The Friedman rule is optimal in that
limiting case.

to incur. That interpretation isthe common justification
for the assumption that real balances are afinal good.
Inthissection, | analyze a standard model with atrans-
actionstechnology, derive the equivalent money-in-the-
utility-function model, and show that the restrictions
imposed by the transactions technology structure would
have implications for the optimal inflation tax if money
was a costly good. In the models above, the optimal
policy imposed the same proportionate distortion be-
tween real balances and | eisure as between consump-
tion and leisure; however, when money is modeled as
an input into a constant returns to scale transactions
technology, it is no longer optimal to distort the mar-
gina choice between real balances and leisure, so that
amodified Friedman ruleis optimal. The latter result
isan application of the optimal taxation rules of
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Diamond and Mirrlees (1971), whereby intermediate
goods should not be taxed when consumption taxes are
available and the technology is constant returnsto scale.

Since the monetary aggregate that facilitatestransac-
tionsis, by assumption, the stock of money deflated by the
pricelevel gross of consumption taxes, real balancesare
implicitly taxed at the consumption tax rate, so that the
relative price of money intermsof leisureisi (1 +1,).
Therelative price of consumptionis (1 +t_). When
the transactions technology is constant returnsto scale,
the optimal policy isto set the price of money equal
toits cost,

(1+1) =0,

2Q/2003, Economic Perspectives



so that the optimal nominal interest rate includes a
subsidy at the consumption tax rate. A modified
Friedman rule, which takes into account both the cost
of producing real balances and the implicit tax on real
bal ances resulting from the need to use money to pay
the consumption taxes, is optimal.

The principle that when there are consumption taxes
it isnot optimal to tax intermediate goods only holdsif
thetechnology is constant returnsto scale, and, therefore,
there are no implicit profits. Under the assumption that
money is costly, if the transactions technology is not con-
stant returns to scale, then the modified Friedman rule
will no longer be optimal. In this case there are posi-
tive or negative implicit profits, introducing a trade-off
between the lump-sum taxation of profits and the pro-
duction distortions. In order to reduce profits, it will be
optimal to either tax or subsidize money, depending
on the degree of homogeneity.

The optimal policy is

.o 1
2 | w0, 06T |
A

t

wherey isthe multiplier of the implementability con-
dition, equation 33 in box 3, measuring the excess burden
of taxes; A, isthe multiplier of the resource constraint
attimet; U, (t) isthe marginal utility of leisure; and k
isthe degree of homogeneity of the transactions technol-
ogy.® Clearly, if the transactions technology is constant
returns to scale, so that k = 1, the modified Friedman
ruleisoptimal. If k> 1, money should be subsidized,
and if k < 1, money should be taxed. As o approach-
es zero, the Friedman ruleis optimal for any value of
the degree of homogeneity of the transactions technol-
ogy. Thus, the modified Friedman rule is not generally
optimal; it is optimal only for a zero cost of producing
money.

Even if the two models, money in the utility func-
tion or transactions technology, give disparate results
on the optimal inflation tax when money is costly, the
limiting result, when the cost of producing money is
zero, isthe same. The Friedman rule is optimal, inde-
pendent of the modeling assumption, because money
is costlessto produce.

The result that in models with transactions tech-
nologiesit isoptimal not to tax costless money wasfirst
obtained by Kimbrough (1986) and then extended by
Chari, Christiano, and Kehoe (1996) and Correiaand
Teles (1996). The public finance exercise in these last
two papers was a comparison between the income and

Federal Reserve Bank of Chicago

inflation taxes. If instead the option is between the infla-
tion tax and a consumption tax, other issues arise con-
cerning the specification of the transactions technol ogy.
| discusstheseissues, addressed by De Fiore and Teles
(2003), in the next section.

The Ramsey problem in this section is formalized
and solved in box 3.

How do consumption taxes affect the
transactionstechnology?

In the previous section, | showed that, when the cost
of producing money is zero, the Friedman rule is op-
timal for transactions technologies of any degree. This
isthe sameresult that Correiaand Teles (1996) obtained
in comparing the inflation tax with an income tax. In
the set-up described above,® the consumption and in-
cometaxesare equivaent fiscal instruments. Thismeans
that the all ocations that can be implemented are the
same with any of the two taxes, so that the optimal in-
flation tax does not depend on which tax is considered.
Thisresultisin contrast with recent literature, in par-
ticular Mulligan and Sala-i-Martin (1997), who argue
that the optimality of the Friedman ruleisafragilere-
sult because it depends on the dternative tax instrument.
Inthis section, | clarify this point, based on De Fiore
and Teles (2003).

Under the standard specification of the transactions
technology, as originally proposed by Kimbrough
(1986) and later used by Guidotti and Végh (1993) and
Mulligan and Sala-i-Martin (1997), among others, the
consumption and income taxes are, indeed, not equiv-
alent fiscal instruments. Moreover, when the alterna-
tive tax instrument is the consumption tax, the conditions
for the Friedman rule to be optimal are more restric-
tive. The reason for these contrasting resultsis that the
standard specification of the transactions technology
does not impose that money be unit elastic with respect
to the price level gross of consumption taxes, as| as-
sumed in equation 24 in box 3,

_I MI
TSR )

The transactions technology specified by
Kimbrough (1986) is the following:

Mt
S =l [(:I(1+Tm)l?j'

t

If the function | is homogeneous, then it can be
written as
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The Ramsey problem in a transactions technology model

In amonetary model with a transactions technology,
the preferences of the representative household de-
pend only on consumption and leisure, where leisure
does not include the time used for transactions. They
are given by

23 YBU(c ),

where U is an increasing concave function, ¢, are con-
sumption goods, and h, isleisure at timet. The house-
holds supply labor 1 —h, —s, where s, istime 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 con-
sumption, C, and decreases with real money balances,

m= » where P, is the price of the good be-

A+7)R
fore taxes, according to the following transactions
technology:

According to this transactions technology, money is
unit elastic with respect to the price level gross of con-
sumption taxes. In addition to standard assumptions
to ensure that the problem is concave, it is assumed
that the function | is homogeneous of degree k > 0.

The budget constraints of the households can be
written as:

25) ZQ‘ L(1+1, )<:t+ZQt L(1+71,)im

OO t=0 00

S;%(l—h—l (c.m)),

1

where Q= i)t

The resource constraints are
26) ¢,+9,<1-h-I(c, m)—am.
Thismodel can be written as an equivalent mon-

ey-in-the-utility-function model by defining h’ asthe
total time used for leisure and transactions, h'=h +5.

The model can thus be written in the form presented
in the last section. The preferences, the resource con-
straints, and the budget constraint are given by the
following expressions:

27) 2BV (Gh'm)=3 U (G -1(G,m)
28) ¢ +g<l-h’'-am

29) iﬂaﬂd)q +i% (+1,)im

ZQ“a ).

O

From equation 27, it becomes clear that the assump-
tions above that the utility function is separablein
h’ and homogeneous in consumption and real bal-
ances are not easily justifiable.

The private problem is defined by the maximi-
zation of condition 27, subject to condition 29. The
households' problem must satisfy the following mar-
ginal conditions:

Ve(®) _U 0)-U,®l.¢)

30) = =1+7,,t20
VO U0
gy Yw®___ U® 4y 50
V() U )-U,01()
) PO _QR
(0) QPR

Conditions 30-32, 29 with equdlity, and 28, deter-
mine the set of feasible and implementable allocations,

QPI} , and taxes {Tct'it}:lo'
t=0

Using the fact that I(t) is homogeneous of degree
k, sothat ks =1 (c, m) ¢+ |_(c, m)m, theimplement-
ability condition 21 in box 2 can be written as

{a.h,m}Zo. prioa{

0' 0

33 iBt[U ((-U,(O)-h'+K ()]=0.
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BOX 3 (CONTINUED)

The Ramsey problem is, therefore, the choice of quan-
tities, {c,,h’,m};,, that maximize welfare, represent-
ed by the utility function (condition 27), and satisfy
the implementability condition 33 and the resource
constraints 28.

The first order conditions of this problem imply
the following condition,

Vol 1
VAT I AR RTIN )

A

t

where y and BA, are the multipliers of the imple-
mentability condition and the resource constraints,
respectively. Then, when k = 1, there is no distortion
imposed between real money and leisure. If k< 1,
money should be taxed, and if k > 1, money should
be subsidized.

Since real money isimplicitly taxed, because
money is needed to pay taxes, the implementation of
this solution requires that money be subsidized.
Since the private problem has

Vo® _ 2| =i
35) o |_(t)=i,(1+1,), t>0,

when k = 1, the optimal policy is

-’
T (l+ty)

36) i,

Thisis the modified Friedman rule, in this context
where thereis a cost of producing real balances and
they areimplicitly taxed.

Whether the modified Friedman rule is optimal
or not, as o is made arbitrarily low the Friedman
ruleisoptimal. If k# 1, thereisatax or a subsidy
that is, in absolute value, bounded above and away
from zero, as o becomes arbitrarily low.? So in this
case too, it isthe negligible cost of money that justi-
fies the zero tax on money.

1As shown in Correia and Teles (1996), the term

yU, (k-1
: N measures the marginal effect of real
t

balances on the implicit profits in the production of trans-
actions. By taxing or subsidizing real balances, the plan-
ner aims to reduce profits.

2If the transactions technology is Baumol—Tobin, so that
k=0, then it is optimal to set a positive tax on money
balances.

M

_ k t
37) s=(1+1,) I[q, (1”&)'?},
where k isthe degree of homogeneity. Notice that, un-
der this specification and not under equation 24, for
k>0, it is possible to reduce time used for transactions
without adjusting the real quantity of transactions
measured in units of the consumption good, ¢, and

without changing the real quantity of money

L. An extreme

required to buy those goods,
= YIOSEI00E R

example of thisiswhen ¢ and are kept

t
@+ 1R
constant, while setting T, = —1. Asaresult, transactions
will be zero, ¢ (1 + t_) = 0, and so time used for
transactions will also be zero.

Under the standard specification of the transac-
tions technology in equation 37, it may be optimal to
use the consumption tax to reduce the volume of
transactions and save on resources. In particular, when
both consumption and income taxes are allowed, it is
optimal, under certain conditions, to fully tax income

Federal Reserve Bank of Chicago

and subsidize consumption in order to eliminate trans-
action costs. When thisis so, the government performs
the full volume of transactions on behalf of the private
agents. When the taxes on income are excluded, then
it may be optimal to set apositive inflation tax, so that
the consumption tax may be lower, and it may be pos-
sible to save on the volume and cost of transactions.

Box 4 describes the formal solution of the Ramsey
problem in this alternative environment.

Conclusion

From a Ramsey perspective on the optimum quan-
tity of money, the optimality of the Friedman rule owes
itsrobustness to the costless nature of money. In gen-
eral, if money was a costly good, a positive price should
be charged for its use, and this price in general should
be distorted. It isnot clear whether this distortion should
involve subsidizing or taxing money, but still there
should in general be one. Asthe cost of producing
money becomes arbitrarily low, the proportionate
distortion isin absolute value bounded above and away
from zero. Thus, it isthe costless nature of money
that justifies the optimality of the Friedman rule.

37



BOX 4

The preferences in the equivalent money-in-the-util-
ity-function model are

38) Y BV (G @+ m)=

> BU (6, -0+ 7)1(G,m)).

The conditions of the private problem are the
same as described by conditions 17 and 18-20 in
box 2. The implementability condition and the re-
source constraint are also the same, respectively, as
conditions 21 and 16. It is useful to write the mar-
ginal conditions of the private problem, conditions
18 and 19, as

U (0)-U, (0 @+74) ()

39) N =1+1,,t>0
and
40) —Uh(t)(1+1m)k|m(t) =i t>0.

Uc(t)—Uh(t)(1+rct)klc(t)_I“ -
From these we have,
41) ~(1+t )4 (1) =i(1+1), t20,

The implementability condition can be written as:

42) iﬁt[Uc(t)—uh(t)(l—hr+(1+rct)kk|(t))] -0.

The Ramsey problem with the standard specification of the transactions technology

The Ramsey problem isto maximize utility in
condition 38, subject to conditions 16 and 42 and to
the constraint that t, =t(g,h’,m) isdefined im-
plicitly by condition 39. The first order conditions
imply

43) —{A+yU,(O[k-1]}

{1+ 1) () + k(1+*rm)"'laﬁl (t)} =0,
om

o, _

since —2=0. The marginal effect of real balances

on the consumption tax is

44) %: _(1+Tct)k|cm(t)
om  [1+k(l+7,) M) |

The second term on the left-hand side of equation

43, k(1+r, )2

om
time of amarginal increasein real balances through
the effect on expenditures. If, at the Friedman rule,
those effects are not zero, then the Friedman rule
will no longer be optimal. That term is zero when
either k=0, 1(t) =0, or I_ (t) = 0. When it is not zero,
even when k=1, it is not optimal to set the private
benefit of money equal to the production cost, so
that the result of zero taxation of intermediate goods
of Diamond and Mirrlees (1971) does not apply. The
reason is that, in this case, the technology is directly
affected by the tax instruments.

I(t), istheimpact on transactions

NOTES

1The nominal production costs of currency as a percentage of its
nominal value are approximately 0.12 percent. They are relatively
high for small denomination bills (2.18 percent for $1 bills) but
very low for higher denomination bills (less than 0.01 percent for
$100 bills). The cost of coinsis 0.94 percent.

2The transactions technology uses real balances and time to pro-
duce transactions measured by consumption.

3 assume a constant cost per unit of real balances. One rationale
for thisis the assumption that the production of real balances uses
bills of different real denominationsin fixed proportions and with
constant returns, and that there is a constant time cost of producing
bills of each real denomination. The second assumption would be
more easily justified if the nominal denominations were indexed to
the price level at zero cost. In redlity, thisindexation is costly.

38

“Notice that even if the measure of real balancesis different,
| maintain the assumption of a constant time cost per unit of real
balances.

5The assumption that the transactions technology is homogenous
of degree k means that when real balances and consumption are
multiplied by A, time used for transactions is multiplied by Ak

5The specification for the transactions technology in that section
isasin De Fiore and Teles (2003).
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