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Abstract

Tax collection costs have been advocated in the literature as a reason to deviate from the Friedman
rule, in standard general equilibrium monetary models with flexible prices. This paper shows that
there are conditions under which the Friedman rule is optimal despite the presence of collection
costs.When these conditions are not satisfied, the optimal inflation tax depends upon the collection
costs parameter and schedule, the interest and scale elasticity of money demand, and the
compensated labor supply elasticity. Numerical results obtained by calibrating the model on US data
suggest that collection costs do not justify substantial departures from Friedman’s prescriptions.

JEL classification: E31,E41, E58, E62.
Keywords: Friedman rule, optimal inflation tax, collection costs.
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Non-Technical Summary

There has been a long debate in the literature on what should be the opti-
mal inflation tax, for an economy where the government has to finance public
expenditures through distortionary taxation. Friedman (1969) shows that,
in a first-best environment where lump-sum taxes are available to the gov-
ernment, the optimal monetary policy has to achieve a zero nominal interest
rate (a zero inflation tax) or a deflation rate equal to the discount rate of the
economy. Phelps (1973) criticizes this result by arguing that governments
have only access to distortionary taxes and by claiming that, in a second-
best environment, it is generally optimal to set a positive inflation tax. Later
works by Kimbrough (1986), Chari, Christiano and Kehoe (1996), Correia
and Teles (1996, 1998), and De Fiore and Teles (1999) have overcome this
result and have shown that the Friedman rule is optimal under general con-
ditions, even when the government can only finance expenditures through
distortionary taxation.

Other arguments have been suggested in the literature to justify a posi-
tive inflation tax in a flexible prices environment. One frequently advocated
reason to deviate from the Friedman rule is the presence of tax collection
costs. It is argued that there is an important difference between the inflation
tax and other distortionary fiscal instruments. In fact, while raising revenue
from the former is costless, raising revenue from the latter involves substan-
tial costs, due to the burden of organizing a tax system, to the possibility of
evasion and to the corresponding necessity of enforcement. Aizenman (1987)
and Végh (1989b) claim that, when the presence of collection costs is ac-
counted for, the optimal inflation tax is always positive. However, they do
not quantify the extent to which optimal monetary policy should deviate
from Friedman’s prescription of zero nominal interest rates.

This paper reconsiders the importance of the collection costs argument
in generating optimal deviations from the Friedman rule, both from a theo-
retical and an empirical perspective.

The first part of the paper presents a general transactions technology
model, where government expenditures are financed through revenues from
the inflation tax and from an alternative tax that is costly to collect. It is
shown that there are conditions under which the Friedman rule is optimal
despite the presence of collection costs. When these conditions are not sat-
isfied, the optimal inflation tax is shown to depend upon the collection cost
schedule, as well as the interest elasticity of money demand, the consumption
elasticity of money demand, and the compensated labor supply elasticity.
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In the second part of the paper, it is assessed how important collection
costs are in determining the optimal inflation tax in the United States. The
numerical results obtained within the calibrated model show that the opti-
mal inflation tax is not very sensitive to different assumptions. Under the
most unfavourable case, where all collection costs are variable costs, marginal
collection costs are increasing, and tax collection requires throwing away 20
percent of total government revenues, the computed optimal inflation tax
remains below one percentage point. These results suggest that the presence
of collection costs does not justifies substantial deviations from Friedman’s
prescription.
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1 Introduction

There has been a long debate in the literature on what is the optimal in-
flation tax, for an economy where the government has to finance public ex-
penditures by collecting revenues from distortionary taxes. Friedman (1969)
shows that, in a first-best environment with lump-sum taxes, the optimal
monetary policy has to achieve a zero nominal interest rate (a zero inflation
tax) or a deflation rate equal to the discount rate of the economy. Phelps
(1973) criticizes this result by arguing that, in a second-best environment
where the government has only access to distortionary taxes, the optimal
inflation tax is always positive. The author obtains this result by using the
optimal taxation approch of Ramsey (1927), which allows to derive the opti-
mal combination of ad-valorem tax rates on costly final goods. In line with
Ramsey, Phelps finds that optimal ad-valorem tax rates are proportional to
each good’s price elasticity and thus he concludes that it is generally optimal
to tax money. Later works by Kimbrough (1986), Guidotti and Végh (1993),
and Chari, Christiano and Kehoe (1996) have challenged Phelps’ conclusions
by showing that, under certain conditions on what alternative tax to infla-
tion is available and on either preferences or the transactions technology, the
Friedman rule is also optimal in a second-best environment. More recently,
Correia and Teles (1996, 1998) and De Fiore and Teles (1999) have shown
that the Friedman rule is optimal under general conditions. An intuitive
explanation for the robustness of the Friedman rule is that the inflation tax
is a unit tax on a costless good. Even though the optimal ad-valorem tax
on real balances is generally positive, the optimal unit tax on money is zero
because the cost of producing money approaches zero.

Other arguments have been advocated to justify a positive inflation tax.
Végh (1989a) shows that the presence of currency substitution generates a
positive optimal inflation tax. When foreign money can also be used to reduce
transactions costs, a positive foreign interest rate acts as a tax on consump-
tion and thus it distorts the consumption-leisure choice. In this case, the
government should partly offset this distortion by setting a positive domestic
interest rate and by subsidizing consumption. Nicolini (1998) finds that a
positive optimal inflation tax also arises in the presence of an underground
economy, since inflation is the government’s only instrument able to tax this
sector. Aizenman (1987) and Végh (1989b) argue that inflationary finance
can also be justified by the presence of tax collection costs. While collecting
the inflation tax is a costless process, there are substantial costs associated
with collection of all other taxes, due to the burden of organizing a collec-
tion system, the possibility of evasion, and the corresponding necessity of
enforcement. When these costs are accounted for, the optimal inflation tax
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becomes positive. However, the authors do not quantify the extent to which
optimal monetary policy should deviate from Friedman’s prescription of zero
nominal interest rates.

This paper reconsiders the importance of collection costs in justifying
deviations from the Friedman rule, both from a theoretical and an empirical
perspective.

In the first part of the paper, I set up a general transactions technology
model, where government expenditures are financed through revenues from
the inflation tax and from an alternative tax that is costly to collect. In the
limiting case where satiation is attained at an arbitrarily large level of real
balances, the Friedman rule is shown to be optimal for any level of collection
costs and for any assumption on the collection cost schedule. This result
arises, for instance, for specifications of the transactions technology as derived
by Baumol (1952) or Tobin (1956) within their model of the agents’ cash
management problem. When satiation occurs at a finite level of real balances,
the Friedman rule may still be optimal, under restrictive assumptions on the
transactions costs technology. Finally, when the conditions under which the
Friedman rule is optimal are not satisfied, the optimal inflation tax is shown
to depend upon the collection cost schedule, as well as the interest elasticity
of money demand, the consumption elasticity of money demand, and the
compensated labor supply elasticity.

In the second part of the paper, I assess how important collection costs are
in determining the optimal inflation tax in the United States. The numerical
results obtained within the calibrated model show that the optimal inflation
tax is not very sensitive to different assumptions. Moreover, the computed
values never exceed 1 percent, suggesting that the presence of collection costs
does not justify substantial deviations from the Friedman rule.

The paper proceeds as follows. In section 2, I present a shopping time
model, where the alternative to inflation is a tax that is costly to collect. It
is first assumed that the alternative fiscal instrument is an income tax, and
that marginal collection costs are increasing with the amount of revenues
collected. In section 3, I consider different specifications of the model and 1
show that these specifications do not affect the conditions under which the
Friedman rule is optimal; the case of constant marginal collection costs is
presented in section 3.1, while the case where the alternative tax instrument
is a consumption tax is presented in section 3.2. In section 4, I analyze
the determinants of the optimal inflation tax, when the Friedman rule is
not optimal. In section 5, I present evidence on the money demand, the
relevant elasticities and the tax collection system in the United States. Then,
I calibrate the model under different assumptions and I compute the optimal
inflation tax in each case. In Section 6, I conclude.
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2 The Model

The model builds on Kimbrough (1986), Guidotti and Végh (1993), Chari,
Christiano and Kehoe (1996), and Correia and Teles (1996), the main dif-
ference being the presence of costs in collecting revenues from the income
tax. The setup is more general than in Végh (1989) in that no restriction
is imposed either on the degree of homogeneity of the transactions technol-
ogy or on the level of satiation in real money balances. Végh (1989) only
considers the case when the alternative to inflation is a tax on consumption.
In this paper, it is first assumed that the alternative to inflation is a tax
on income. This provides a convenient benchmark because, when collection
costs are zero, the model collapses to the one in Correia and Teles (1996)
and the Friedman rule is always optimal.! The case when the alternative to
inflation is a tax on consumption is subsequently analyzed to show that the
choice of the alternative fiscal instrument is not relevant for the results.

The economy is inhabited by a large number of identical infinitely lived
households whose lifetime utility is given by

Zﬂtu (ct7ht) ) (1)

where ¢; is consumption, h; is leisure, 3 is the discount factor, and the usual
assumptions on the utility function apply. The representative agent is en-
dowed with one unit of time, which can be used in three different activities:
leisure, h, labor, n, and shopping, s.

Shopping requires time, as described by a transactions costs technology?
that is assumed to be homogeneous of degree k :

se=1(ce,my) =L <ﬁ) e 2)

Ct

Here s; is time spent shopping, m; = M,;/P, are real money holdings, M,
are nominal money holdings, and P; is the price level in terms of the con-
sumption good. For convenience, I adopt the notation u(t) = wu (¢, he),
ug (t) = uy (¢, i), L(t) = (e, my), and [, () = I, (¢, my), where the sub-
script « denotes the derivative of the function with respect to the argument
x. The following assumptions on the transactions technology are made:

IThe timing assumed here is different. However, this distinction is not important for
the analysis.

2Correia and Teles (1999) show that a monetary model with a transaction function
that is homogeneous of any degree is isomorphic to a model with money in the utility
function, when the satiation point in real balances has a unitary elasticity with respect to
consumption. The results obtained in this section would therefore extend to that class of
models.
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i. L(t): A— R, AC R"; I'(t) < 0; L"(t) > 0. This implies that
l.(t) >0, 1, (t) <0, lym (t) > 0. All these partial derivatives are
continuous.

ii. £>0.
iii. [(t) is such that the consumer’s problem is concave.

I define the satiation point in real balances % as the point where it is not
possible to reduce transactions time by increasing money holdings, so that
I (%) =0

Assumptions i) requires transactions time to be non-negative, increasing
in the amount of consumption and decreasing in the amount of money bal-
ances. Also, increases in real money balances decrease shopping time at a de-
creasing rate. Assumption i) is made because otherwise [.. (¢) would be nega-
tive at satiation, for a subset of the class of transactions technologies. In fact,
from the homogeneity assumption we know that I, = c* ' [kL (t) — 2L’ (t)] .
At satiation, mL’ (t) = 0.> When L(t) is strictly positive at satiation, it must
be that £ > 0 for /. not to become negative.

The production technology transforms one unit of labor into one unit of
the good. At each period ¢, the consumer’s time constraint is given by

ht+nt+8t:1. (3)

I assume that initial nominal wealth is zero, or that M 1+(1 +i 1) B_; = 0.
The sequence of budget constraints is then given by

My + By <0, (4)

Rﬁct+Mt+1+Bt+1 < Mt+(1+lt)Bt+R§(1—Tt) (]_—ht—St), tZO, (5)

where M; are holdings of money chosen at the beginning of ¢, to be used
to finance transactions in that period, and B; is the amount of one-period

$When m is finite, mL' () = 0 because l, (c,m) = L' (Z)c*~! = 0. When m —

oo, lim mL (%) = 0 because it is reasonable to assume that seignorage, defined as

m—0o0
S = im, is zero when ¢, the unit tax on money, is also zero. In fact, in equilibrium,
i=—1=7)ln(c,m) =—(1—7) L' (2)c*~!, where 7 is the tax on income. It follows
that i is only zero when real balances are at the point of satiation. Therefore, it must be
that lim S = lim — (1 — 7) Ml (c,m) =0, so that _lim mL' (Z) =0.

i—0 m— 00 m—00

4If this was not the case, the government would have an incentive to set Py arbitrarily
large, and that way to fully destroy the real value of oustanding liabilities. However,
it would still have to use distortionary taxes in order to finance the future sequence of
government expenditures.
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nominal government bonds, which entitle the household to (1 +4;) B; at t+1.
Here, i; is the opportunity cost of holding one unit of real money. Under the
timing adopted for households’ decisions, it is also the inflation tax. Finally,
the income tax is given by 7, € [0,1).

The government finances a constant flow of public expenditures g through
an income tax and an inflation tax, and it issues debt. There is a cost
in collecting revenue from the income tax, which is denoted by z;. I will
first consider the case where marginal collection costs are increasing with
the amount of revenue collected, so that z = ~[r; (1 — hy — s;)]°, where
v € [0,00) is the collection cost parameter. The government’s sequence of
budget constraints is then given by

My + By > 0,

H9+Mt+(1+7:t)Bt§Mt+1+Bt+1+BTt(1_ht_5t)_PtZt, tZO,

The presence of collection costs generates a loss of the economy’s resources,
as reflected in the resource constraints:

Ct—f-gé(l—ht—St)—Zt. (6)

2.1 The Household’s Problem

For a given sequence of prices and taxes { %, i;, 7¢ }, , the household chooses
a sequence of quantities {c;, hy, My, By, 81}, that maximizes (1), subject to
¢ >0, My >0,0<h <1, (2),(4),and (5).

From the first order conditions, the consumer’s optimal choice must sat-

isfy:
— (L =70) b (t) = i1, (7)

1
“§ L L, ®)

(t 1—7',5

(1 + T’t+1)

Un(t)  (1=711)
BUE+1) (1—1)

where 1 4+ 711 = (14 4441) Pil and r; is the real interest rate. Equation

(7) says that the consumer’s optimal holdings of real balances are at the
point where the opportunity cost of an additional unit equals the marginal
benefit of it. Equation (8) equates the marginal rate of substitution between
consumption and leisure to the ratio of their real prices, which can be written
as H(ll#)lc The real price of consumption is given by a direct component,
the production cost of a unit of the consumption good, plus an indirect

component, the cost in terms of lost wage income of the transactions time
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necessary to enjoy an additional unit of the consumption good. 1 — 7; is the
real price of leisure, net of taxes. Finally, equation (9) determines the real
interest rate. In steady state, this is constant and equal to % —1.

2.2 The Ramsey Problem

Since the government’s financing instruments are distortionary, finding the
optimal inflation tax and income tax amounts to solving a second best, Ram-
sey problem.

For given initial conditions and government expenditures, the solution to
the Ramsey problem is an allocation that maximizes social welfare, subject
to the restriction that it can be decentralized as a competitive equilibrium
with taxes.

The resources constraints together with an implementability condition
ensure that this restriction is satisfied. The implementability condition is
obtained by using the first order conditions of the household’s problem to
replace the taxes and prices in terms of quantities into the consumer’s in-
tertemporal budget constraint. Let @Q; = m and d; = Qt%. Since
at the optimum tlir?o (QiMir1 + Qi Byy1) = 0, we can write the intertemporal

budget constraint as

idtct n f: dyiym, = f: d(1— 7)1 —he—1(1)]. (10)

Using the homogeneity assumption and first order conditions (7), (8) and
(9), to replace taxes and prices in the intertemporal budget constraint (10),
the implementability condition can be written as’

Zﬁt {cruc (B) + (L —Ek)up (6) 1 (t) —up (t) (1 —hy)} = 0. (11)

The optimal allocation {c;, my, hy} maximizes (1) subject to (11) and to
the resources constraints

a+g<(I—h—s) =y ()(1—h—s). (12)

Notice that 7 () denotes the expression for the income tax as a function of
the quantities, as implied by the household’s optimality condition (8).

®Since the household’s budget constraint and first order conditions are not affected by
the presence of collection costs, the implementability condition is also unchanged.
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The first order condition of the Ramsey problem with respect to real
money balances is given by

[B"un () (1 = k)] L (1) (13)
= Culm (8) = 2¢y7 (0)° [L = he = L)) L (1) + 267 (&) T () [L — B — L ()],

where 1 is the marginal excess burden of government expenditures (or of
taxation), while ¢, is the shadow price of the economy’s resources, for ¢ > 0.
Both ¢ and (, are greater than zero at the optimum.

The relevant question now is what is the optimal inflation tax when there
are positive collection costs. Equation (7) ensures that the Friedman rule is
optimal if I,,, () = 0 satisfies (13), for all ¢.

Proposition 1. Suppose that the alternative tax to inflation is an income
tax and marginal collection costs are increasing. Then,

i) if m — oo, the Friedman rule is optimal for any finite level of the
collection cost parameter ~y.

ii) if m = ac, a € [0,00) , the Friedman rule is optimal when the trans-
actions technology is such that ., (c,m) = 0 or when collection costs
are zero (y = 0).

Proof. °(Sketch) From equation (7), we know that the Friedman rule de-
centralizes a solution where m = m. Therefore, a necessary condition for the
Friedman rule to be optimal is that m satisfies equation (13). If the problem
is globally concave, this is a necessary and sufficient condition. If the prob-
lem is not globally concave, this condition is only necessary. As it is common
in this literature, I assume that, when 7 satisfies equation (13), the alloca-
tion decentralized by the Friedman rule achieves the global maximum even
when the problem is only locally concave. This finds support in numerical
computations under several alternative specifications of the model. To prove
the proposition, I distinguish two cases.

(i) m — oo. We know that lim [, (¢c,/m) = 0, so that the LH S of equation

m—0o0

(13) tends to zero at satiation. If v = 0, then the RHS approaches
zero as m — 00, and the Friedman rule is optimal for any degree
of homogeneity k. If v € [0,00), the Friedman rule is still optimal
since mlzl)go {Tml,,—=} = 0. To show this, I differentiate (8) to obtain

—u2 m
T lmem = % From homogeneity of the transactions tech-

nology and from the assumption that, when the unit tax on money

6See Section A in the Appendix for a complete proof of case (7).
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¢ tends to zero, revenues from seignorage approaches zero, it can be
shown that lim I, (c,m) = 0, so that lim 7,/ _— = 0. It follows

that the RHS of equation (13) also approaches zero as m — 0.

(i) m = ac, a € [0,00). Since I, (¢,m) = 0, the LHS of equation (13)
is zero at satiation. When v = 0, the RHS is zero as well, and the
Friedman rule is optimal for any degree of homogeneity k. When ~ €
[0,00), the Friedman rule is still optimal if [, (¢,m) = L" (%) =0,

because this implies that 7,,| _— and the RHS, evaluated at 7, are
zero.

When collection costs are zero, the general result in the literature is that
money should not be taxed. A zero inflation tax is optimal for any degree of
homogeneity of the transactions technology, as shown in Correia and Teles
(1996).

When there are collection costs, the optimal inflation tax is generally
different from zero. When equation (13) is not satisfied at the point of full
liquidity, it is optimal to set a positive inflation tax and to correspondingly
reduce the tax on income. The optimal policy mix minimizes the welfare
losses due to the use of the two distortionary tax instruments. A positive
inflation tax introduces a distortion in the households’ decisions to hold real
balances. A decrease in the income tax reduces both the distortion in the
households’ consumption-leisure choice and the loss in social resources due to
the tax collection process. The two cases listed in Proposition 1, where a zero
inflation tax is still optimal, are cases in which a marginal decrease in real
balances does not allow to increase the revenue collected from seignorage,
S = im, and to correspondingly reduce the income tax. Therefore, it is not
possible to save on the resources wasted in the tax collection process. Moving
away from satiation can only increase the distortions in the economy, so that
the optimal policy does not tax money.

Consider the case when . — oo. Since at that point the unit tax on
money, i, is zero, it is reasonable to assume that seignorage is zero. Moreover,
as real balances approach satiation, the increase in seignorage associated to
a marginal decrease in real balances also tends to zero. This is discussed
in Appendix A. Since the authorities cannot save on the resources lost in
the collection process, a zero inflation tax is optimal, as in the case with no
collection costs.

A similar reasoning explains the optimality of the Friedman rule when
m is finite and l., (¢,m) = 0. From the assumptions on the transactions
technology, loy, (¢,m) = —c*"2ZL" () . This can only be zero if L” () is
also zero. Using the definition of seignorage, S|, = —ZL" (Z) # 2 It

[
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follows that, whenever [, (¢,77) = 0, the increase in seignorage associated
to a marginal decrease in real balances tends to zero. Also in this case, it is
optimal to follow Friedman’s prescriptions and not to tax money.

3 Alternative Model Specifications

It is useful to analyze how different model assumptions affect the conditions
under which the Friedman rule is optimal, when there are collection costs.
In what follows, I will derive the Ramsey solution when marginal collection
costs are fixed, and when the alternative instrument to inflation is a tax on
consumption.

3.1 Marginal Collection Costs are Constant

In section 2, I have analyzed the optimality of the Friedman rule under
the assumption that total collection costs are quadratic, or that marginal
collection costs increase with the revenues raised by the income tax. As it will
be argued in section 5.2, evidence on the functional form of the cost schedule
associated with the administration of the tax system is not conclusive, and
different assumptions could be made about the losses in resources incurred
in the economy. For instance, it could be argued that collection costs are
mainly fixed costs so that marginal costs are negligible, or that marginal
costs are positive but independent of the amount of revenue raised.

When collection costs are fixed, z; = «, for all ¢, there are levels of ~
so high that it is optimal not to use the income tax at all. In this case,
the government would only use the inflation tax, as long as revenues from
seignorage are large enough to cover public expenditures. When the level
of collection costs is low enough as to make it optimal to use a mix of the
inflation tax and the income tax, then the optimal policy is always given by
the Friedman rule. In this case, it is optimal for the government to set a zero
inflation tax and to finance government expenditures through the income
tax, because there is no trade-off between a higher inflation tax and lower
collection costs.

Consider now the case when the collection cost schedule is increasing, but
marginal costs are constant, i.e. z = 7 (t)[1 — hy — I (t)]. The first-order
conditions corresponding to equation (13) are given by

52%,,, () (L= &) — 1+ 77 (&) b (8) = 77 () [L — by — L ()], t > 0.
t (14)
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Proposition 2. Suppose that the alternative tax to inflation is an income
tax. If total collection costs rise with tax revenues but marginal costs are
constant, Proposition 1 still holds.

Proof. Consider equation (14), and notice that 7| ,_ and l., (c,m)

: . —uZlem (c,T) — k-2m7rn (m
are still given by 7,,[,, _— = el and oy, (c,m) = —cF22L" ().
Therefore, the conditions under which m solves the Ramsey problem are

unchanged. W

Although the solution to the Ramsey problem is different under a sched-
ule with constant marginal collection costs, the conditions under which the
Friedman rule is optimal are unchanged. These are the conditions under
which the trade-off between a positive inflation tax and lower collection costs
disappears.

3.2 The Alternative to Inflation is a Consumption Tax

When the alternative to inflation is a consumption tax, this tax appears in
the transactions technology. The reason is that income taxes are generally
paid either as tax deductions on wages, or out of checking accounts every
fiscal year. Instead, consumption taxes are paid each time a transaction is
carried, and this requires households to increase the amount of cash that is
necessary to purchase the same amount of the consumption good.

In the absence of collection costs, the general result when the alternative
to inflation is a tax on income is the optimality of the Friedman rule. Mulligan
and Sala-i-Martin (1997) argue that this is a fragile result because, when the
alternative to inflation is a tax on consumption and taxes are paid with
money, specific assumptions are necessary for the Friedman rule to hold.
These assumptions relate to the time spent on transactions at satiation in
real balances. De Fiore and Teles (1999) show that the claimed fragility
of the Friedman rule is due to the peculiar specification of the transactions

technology used in the literature, s; = [ ((1 + 6;)cy, %) , where 0, is the tax

on consumption. Under this specification, a lower consumption tax helps
saving on the resources used for transactions, so that a positive inflation tax
becomes optimal. However, this formulation has an undesirable property. To
see it, use the homogeneity property to rewrite the function as

se = (1+0,)"1 (ct, %) : (15)

Now consider a reduction of the consumption tax ;. For a given real quantity
of transactions in units of the consumption good, ¢, it is possible to change
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M: in such a way as to leave unchanged the real quantity of money required to

P
buy those goods, %. Nonetheless, for any k£ > 0, purchasing the same
real quantity of goods with the same real quantity of money requires less

transactions time. Under the alternative specification proposed by De Fiore
and Teles, s; :7 (ct, %) , this undesirable property disappears. Since
reducing the consumption tax cannot help saving on transactions time, it is
always optimal to set a zero inflation tax, as in the case when the alternative
is an income tax.

In what follows, I consider an economy where collection costs are positive,
the government’s instruments are the inflation tax and a consumption tax,
and the specification of the transactions technology is

The assumptions made in Section 2 on the transactions technology [ also
apply to the function [ .Notice that [ (¢) and all its partials are now a

function of #;, so that both the household’s problem and the Ramsey problem
are changed. The household’s optimality condition are now given by

~

Im (%)
(1+6,)

= iy, (17)

ue (t)
Up, (t)

The Ramsey solution maximizes (1) subject to the resource constraints

= (140)+ 1. (t). (18)

c+g< [1—ht—7(t) ()2, >0,

and the implementability condition (11), where 6 (¢) defines the consumption
tax in terms of quantities, as implied by the household’s optimality condition
(18). The first-order condition with respect to real money balances can be
expressed as

e,

140 (t) — myby, (8)
e

[1+6 )

t

) (1—k) — 1] { ] T (£) = 290 (£) 0, (£) 2.

(19)
Proposition 3. Suppose that the alternative tax to inflation is a consump-
tion tax, marginal collection costs are increasing, and taxes are paid with
money. Then, Proposition 1 still holds.
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Proof. Consider equation (19). From the first-order condition (18),

~

lem (¢, 175)

em |m:m

Again, I consider two cases.

(i) ™ — 0o. When 7 — 00, I em (¢, %) approaches zero and so does the
RHS, evaluated at satiation. Hence, the Friedman rule is optimal for
all finite values of ~.

(ii) m = ac, a € [0,00). When v = 0, the RHS is zero as well, and the
Friedman rule is optimal. When v € [0, 00), the Friedman rule is still

optimal if Tom (c, %) =0.m

4 The Optimal Inflation Tax when the
Friedman Rule is Not Optimal

In the previous analysis, I have derived the specific conditions under which
the Friedman rule is optimal, despite the presence of collection costs.

The assumption of an arbitrarily large level of satiation is implicit in
many models within the inventory-theoretic literature, which provides the
micro-foundation of the transactions technology model. For instance, Bau-
mol (1952) and Tobin (1956) formalize the cost of consumption in terms of
time and money. They derive a technology of the form s; = A;—tt, where A
is the cost of withdrawing money from the bank in unit of time. Miller and

2
Ct

Orr (1966) show that a similar technology, s; = D [E} , describes the costs

of a firm’s cash management problem in a stochastic setting. Proposition 1
ensures that, under these specifications of the transactions technology, the
Friedman rule is optimal for any finite level of the collection costs parameter
and for any assumption on the marginal collection costs schedule. Nonethe-
less, an infinite satiation level should be seen as a conceptual limiting case
rather than as a realistic assumption. Empirical evidence, as discussed in
section 5, suggests that satiation occurs at a finite and relatively low level.
It is difficult to assess whether I, (¢,) = 0 is a realistic assumption or
not. One could think that it approximates the behaviour of economies where
seignorage is low and where a change in the nominal interest rate is not likely
to allow for substantial reductions in the alternative costly taxes. This seems
to be the case for the United States. In 1993, the short-term commercial
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paper rate was at 3.3 percent and seignorage was around 3 percent of all
federal tax receipts.” In 1995, the short-term commercial paper rate had
almost doubled, being at 5.9 percent, while seignorage had only increased at
around 4.5 percent of all federal tax revenues.

What happens when the conditions stated in Proposition 1 fail to hold?
In this section, I analyze what are the main determinants of the optimal
inflation tax, when the Friedman rule is not optimal. In order to do so, I
start from a (not necessarily Pareto optimal) tax system, where both 7 and
1 are positive. Then, I consider a revenue neutral marginal tax reform that
increases the inflation tax and correspondingly reduces the income tax, and
I ask whether this reform leads to a Pareto improvement. Similar conditions
are derived in a different environment by Faig (1988) and Mulligan and Sala-
i-Martin (1997).

I carry the analysis under the assumption that the alternative to inflation
is a tax on income. For analytical convenience, I use a dual approach to the
solution of the Ramsey problem,® and I assume that marginal collection
costs are constant, i.e. z =7 (1 —h —[).° The results should extend to the
case with increasing marginal collection costs, as suggested by the numerical
exercise of section 5.3.

Since the solution is stationary, I will drop time dependence in the no-
tation. The consumer now maximizes utility U (¢, k), subject to the steady
state form of the budget constraint

c+im+7(l—h—s)=1—h—s=n.

The first order conditions are given by (7) and (8), where the latter can
be rewritten for convenience as

Ue 1
D(c,h) =— =1, 20
(e;h) == =let 17— (20)
The second order conditions require that
l2
A=—(D.—DDy) +loc. — > 0. (21)

lmm

"Seignorage is computed as the short-term commerical paper rate times M1 deflated
by the GDP deflator.

81n the dual approach, the government’s problem is solved by choosing the taxes (rather
than the quantities) that maximize the representative agent’s utility, subject to the indi-
vidual and government budget constraints, and subject to the optimality conditions of the
consumer’s problem.

When marginal collection costs are constant, it must be that 0 < v < 1 for the
government to use the income tax.
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The government maximizes the representative agent’s utility, subject to
the consumer’s budget constraint, the government’s budget constraint, and
the optimality conditions of the consumer’s problem. Its indirect utility
function is given by

V(i) =Ule(r,i), h(r,i) (22)
and the government budget constraint can be written as

I assume that the government is never on the downward sloping part of the
Laffer curve, or that G,, G; > 0.

Consider a tax system {7,i} that finances a given flow of government
expenditure g, where both taxes are strictly positive. A marginal tax reform
that increases the inflation tax and correspondingly reduces the income tax,
leaving unchanged government revenues, is optimal when

di Vi Gy di

dr V=V n V; Gz n dr a=0C ' (24)
Intuitively, it is optimal to increase the nominal interest rate when, compared
to the inflation tax, the income tax leads to a large decrease in utility relative
to the revenue it raises.

Define ¢,,; as the absolute value of the interest rate elasticity of the money
demand, ¢, as the absolute value of the compensated labor supply elasticity
with respect to the income tax,' and ¢,,. as the scale elasticity of money
demand.

Proposition 4. Suppose that the alternative tax to inflation is an income
tax, marginal collection costs are constant, m is finite, and the economy is at
a point where T > 0 and ¢ > 0. Then, a revenue neutral marginal tax reform
that increases the inflation tax and decreases the income tax is optimal when

TCmi T (1+ %memc)Q + (I —eme) [T (1 =)+ (1 = 7) Pepe] enr

(T=7)n (1= y7) (14 Mepne)” + (1= eme) [r (1= 1) + (1 — 77) ]
(25)

10Tt is possible to express the compensated change in labor supply following a change in
the income tax as % = % + g’—;‘vn, where W is the amount of transfers in units of the
consumption good that is given to the agent in order to keep his utility unchanged. Then,
the absolute value of the compensated labor supply elasticity with respect to the income

tax is given by €, = — (%% + g—'v';,r) .
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Proof. ''(Sketch) The consumer’s first-order conditions implicitly define
the demand functions ¢ (7,4), h(7,7), and m (7,7). Using the household’s
budget constraints and first order conditions, I obtain expressions for h;, h,
m;, m,, ¢;, and ¢.. A marginal tax reform that increases the inflation tax
and correspondingly reduces the income tax, leaving unchanged government
revenues, is optimal when % = RZ“ > % Taking derivatives of (22) and of
(23) with respect to both 7 and i, I can derive expressions for V;, V;, G,
and G;. Under the assumption that the government is on the upward sloping
part of the Laffer curve, using the expressions for m;, h;, c;, m., h;, ¢,, and
the definitions of &,,;, €, and &p,.,the condition for the optimality of the
marginal tax reform can be rewritten as condition (25). B

Condition (25) is entirely stated in terms of quantities and elasticities.
Proposition 4 shows that the level of the optimal inflation tax depends on the
three defined elasticities, and on the collection cost parameter and schedule.
Notice that, from the homogeneity assumption of the transactions technology,
Eme=1—(k—-1)=L (%) . When k£ =1, ¢, = 1 for all possible values of 7.
When k 2 1, ¢, 2 1 for strictly positive levels of the nominal interest rate.
However, it can easily be verified that, when k£ 2 1, £, — 1 when ¢ — 0.

Proposition 4 says that, when &,,. < 1, an increase in the inflation tax is
optimal when the interest rate elasticity of money demand is small relative
to the compensated labor supply elasticity. However, when k£ = 1, the level
of the optimal inflation tax only depends on the interest elasticity of money
demand and on the level of collection costs. The level of the compensated
labor supply elasticity becomes irrelevant. Finally, when €,,,. > 1, the RH S of
condition (25) is not necessarily increasing in &,,. An increase in the inflation
tax could be optimal when the interest rate elasticity of money demand is
large relative to the compensated labor supply elasticity.

Condition (25) confirms the optimality of the Friedman rule in the absence
of collection costs. When v = 0 and ¢ = 0, then ¢, = 1 and the RHS in
condition (25) goes to zero. Thus, it is never optimal to increase the inflation
tax and to deviate from the Friedman rule.

11See Section B in the Appendix for a complete proof.
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5 The Optimal Inflation Tax in the U.S.

The aim of this section is to evaluate empirically whether the presence of col-
lection costs justifies substantial deviations of the optimal inflation tax from
Friedman’s prescriptions. In what follows, I first discuss available evidence
from U.S. data on key parameters. Then, I calibrate the model presented in
section 2 and I compute numerically the optimal inflation tax under alterna-
tive assumptions.

5.1 Evidence on the Relevant Elasticities

The analysis above makes it clear that the interest elasticity of money de-
mand is an important determinant of the optimal inflation tax. Lucas (2000)
argues that the best fit for the U.S. money demand (deflated by gross nom-
inal income) for the period 1900-1994 is given by a log-log function with a
constant interest elasticity, equal to one half. Mulligan and Sala-i-Martin
(1996) criticize the fit of a log-log function because it extrapolates the be-
havior of agents at historically observed nominal interest rates to rates below
1 percent, which have not been experienced in the U.S. In order to estimate
the interest elasticity of money demand at low interest rates, Mulligan and
Sala-i-Martin consider a cross section of agents and their holding of assets.
They argue that agents, when deciding whether to invest or not in interest
bearing assets, look at the product of the interest rate times the total amount
of their assets. This because there is a cost in acquiring a ”financial technol-
ogy”, i.e. the information necessary to make accurate investment decisions,
so that households might not want to invest in the technology when their
total level of assets is low, particularly when interest rates are close to zero.
The estimates they obtain do not support a log-log functional form. The
interest elasticity of money demand is found to be close to 0.5 at a nominal
interest rate of 6 percent, but close to zero at very low nominal interest rates.

Rejecting the log-log functional form for the money demand also implies
imposing that satiation in real balances occurs at a finite level. To shed some
light on possible values for the ratio %, one can look at the demand for money
(deflated by gross nominal income) at values of the nominal interest rate very
close to zero. Figure 1 plots the velocity of money in the U.S., computed as
V, = L&t for the period 1919-1996. M; is M1 and Py; is nominal income

M,
at current prices.'> The figure also plots a short-term nominal interest rate,

12M1 is in billions of US dollars, not seasonally adjusted. For the period 1919-1970, it is
from Friedman and Schwartz (1982) ” A monetary History of the US: 1867-1960”, Column
7, Table A-1, values in June of each year. For the period 1971-1996, it is from the Federal
Reserve Bank of St. Louis, FRED Database, values in June of each year, series H.6.
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which captures the opportunity cost of holding money.'® Similar data are
used in the analysis of the welfare costs of inflation of Lucas (2000). The
inverse of velocity in periods of very low interest rates provides a lower bound
for the ratio % Figure 1 shows that in the U.S., when the interest rate is
at its lowest levels, around 1 percent, velocity remains close to two. This
suggests a lower bound for % of 0.5. Figure 2 plots M1 deflated by nominal
GDP as a function of the short-term nominal interest rate, showing a deflated
money demand which is consistent with Z being above 0.5.

When k # 1, the scale elasticity of money demand and the compensated
labor supply elasticity also become important in the determination of the
optimal inflation tax. Evidence on the scale elasticity of money demand is
extensively discussed in Mulligan and Sala-i-Martin (1997). The estimates
reported by the authors support values less than or equal to one. Evidence
on the compensated labor supply elasticity is less conclusive. Mulligan and
Sala-i-Martin (1997) argue that the compensated labor supply elasticity can
be estimated by looking at the labor force participation of women, because
there can be no wealth effect of a higher wage for a woman who initially
does not work. They claim that existing evidence on female labor force
points at elasticities around one or higher. Faig (1988) argues for a lower
level of the compensated labor supply elasticity, based on existing estimates.
For instance, Pencavel (1986) suggests values for the U.S. prime-age men
of around 0.1. Killingsworth and Heckman (1986) report a wide range of
results for female labor force, some being close to those of men. Stuart (1984)
estimates an aggregate value for the complensated labor supply elasticities
in the U.S. at around 0.5.

For the period 1915-1928, nominal income is GNP at current prices, in billions of US
dollars. It comes from ”The Statistical History of the United States: From Colonial
Times to Present.” For the period 1929-1996, it is GDP at current prices, in billions of
US dollars. It comes from the US Bureau of Economic Analysis, National Income and
Product Accounts.

13The nominal interest rate is the short-term commercial paper rate, in percentage per
annum. For the period 1867-1975 it comes from Milton Friedman & Anna J. Schwartz
”"Monetary Trends in the United States and the United Kingdom.” For the period 1976-
1996 it is taken from the Economic report of the President (1997), Appendix B, table
71.
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5.2 Evidence on the Tax Collection System

Two assumptions about the tax collection system are important for the com-
putation of the optimal inflation tax. The first is the exact definition of
collection costs, or of the inefficiency in the tax system that we want to
address. The second is the functional form of the marginal collection cost
schedule and the definition of collection costs as fixed or variable costs.

I define collection costs as the sum of the government’s budgetary costs
of administering the tax system and of the taxpayers’ costs of complying
with the tax law. The government’s budgetary costs are incurred by the
government while writing fiscal laws, by the Tax Court in judicials relating to
tax issues, and by the IRS while providing services to the taxpayers, collecting
tax revenues, enforcing payments or implementing audit. The taxpayers’
compliance costs are incurred while getting informed about tax requirements
and possible deductions, keeping records throughout the year, filling tax
returns, seeking the IRS assistance, or asking for professional advice.

Some of the government’s budgetary costs reported above are related to
the possibility of evasion. It could also be argued that evasion is a cost for
the government which derives from the use of taxes other than inflation, and
that it should therefore be explicitely modeled when analyzing the costs of
administering an income tax system. Including evasion in the representative
agent framework of this paper does not require changing the structure of the
model. Suppose that only a fraction « (7), where o/ () > 0, of total tax lia-
bilities is actually collected by the fiscal authorities. It can easily be verified
that the model of section 2 remains unchanged, except that the tax rate 7 is
replaced by 75 = a (1) 7, the effective tax rate.'* The main difference is that
now we need to solve the model for the optimal combination of the inflation
tax ¢* and of the effective income tax 77;, which corresponds to a higher value
for the optimal official tax rate 7*. Notice that evasion reduces the amount
of government revenue, as collection costs do. Nonetheless, the presence of
collection costs generates both a reduction in government revenues and a
loss in the economy wide resources. On the contrary, the amount of revenue
evaded does not translate into a loss of resources for the economy, because it
increases the net income of the representative household. This can be seen
by summing the steady state versions of the household and government bud-
get constraints in the model that allows for evasion, to obtain the economy

14 A more general formulation would allow evasion to be a function both of the tax rate
and of the level of enforcement and auditing e, so that « (7, e). However, the government
would choose e as a function of the amount of evasion; hence, at the optimum, e* = e (7).
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resource constraint

c(tp, i) +g=[1—h(rp,i)—1(t5,0)] —y{re[l —h(rgi) —1(r5,9)]}".

(26)
Equation (26) suggests that, in a representative agent model, the amount of
revenue evaded does not matter for the computation of the optimal inflation
tax. Evasion only matters as long as it imposes additional administrative
costs, due to the necessity of enforcing payments or implementing audit.
These additional costs are accounted for in the definition of collection costs
given above.!”?

To derive an estimate of collection costs as a percentage of tax revenues,
I use data from the Internal Revenue Service, as reported in the Appendix of
the 1997 Budget of the U.S. Government, and data from the 1999 Statistical
Abstract of the United States. In 1995, total net revenue collected from the
IRS amounted to approximately 18 percent of GDP. IRS reports a series of
measures apt to capture the overall Service performance during the fiscal year
1995. One measure gives the amount of revenue collected per dollar of IRS
budget, which is reported to be 172. This implies that around 0.6 percent of
the revenue raised by the IRS was spent in administrative costs. The second
measure gives the revenue collected per dollar of taxpayers’ burden, which
is reported to be 10.97. This implies that the compliance costs paid by the
taxpayers was around 9.1 percent of the revenue raised.

The figures obtained from the IRS performance measures on the taxpay-
ers’ compliance costs are larger than those reported in the empirical literature
on the costs of collecting taxes. A survey of the available evidence is given
by Alm (1996). Slemrod and Sorum (1984) use evidence from a survey of
Minnesota taxpayers to estimate the aggregate cost of complying with fed-
eral and state income tax returns. They find that in 1982 this cost was
between 5 to 7 percent of the revenues raised by the federal and state income
tax systems combined. Pitt and Slemrod (1989) calculate that the compli-
ance costs of itemizing deductions in 1982 was around 0.5 percent of total
revenues. There is little empirical work on the government’s administrative
costs. Vaillancourt (1989) estimates these costs for Canada. He finds that
the cost of collecting individual income, corporate income, and sales taxes
generally exceeds one percent of the revenue that each tax raises.

In the benchmark case, I will calibrate the model such that collection
costs are 10 percent of government revenues, i.e § = .1, in line with the IRS

15In a model with heterogeneous agents or multiple sectors, evasion could call for a
positive inflation tax because the underground sector could only be taxed through inflation.
This is the standard "evasion” argument to a positive inflation tax, as considered by
Nicolini (1998), but it is different from the collection cost argument analyzed here.
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estimates. These estimates only refer to federal taxes, so that the calibration
implicitely assumes that a similar percentage applies to state and local tax
collection. The empirical evidence reviewed above would suggest that this
figure is an upward biased estimate of total collection costs. Nonetheless,
to check that the computed optimal inflation tax is not sensitive to errors
in the measure of collection costs, I will also compute it when the share of
collection costs to government revenues is doubled, i.e. £ = .2.

The second crucial assumption in the computation of the optimal inflation
tax relates to the functional form of the marginal collection costs schedule
and to the allocation of collection costs into a fixed and a variable component.
To shed light on the second point, it may be useful to consider the outlays
reported in the U.S. budget that relate to the administration of the tax
system. At a federal level, the largest outlays are devoted to processing
returns, the provision of assistance to taxpayers, inspection, investigation,
enforcement activities, the provision of statistics on income and compliance,
and the management of services. Most of these outlays appear to be mainly
fixed costs, as small changes in tax rates do not significantly affect each single
budget outlay. While changes in tax rates are likely to affect the government’s
enforcement and auditing expenditure, this latter amounts to less than 1
percent of total government revenues from taxes. Slemrod (1985) estimates
that small changes in tax rates do not significantly affect compliance costs
either. Nevertheless, increases in government revenues are often achieved
through new taxes or through a different regulation of the existing taxes
and deductions, rather than through higher tax rates. There are significant
fixed administrative and compliance costs associated with this alternative
way of raising revenues. Hence, it is likely that the true functional form
of the collection costs schedule, when there are several taxes alternative to
inflation, is stepwise increasing.

5.3 Calibration and Numerical Results

In the numerical examples, I consider a CES instantaneous utility function

U (Ct, ht) = (C:% + /Uh:%): .

I assume a transactions costs technology such that satiation can occur
at any positive value of real balances. This allows to test the sensitivity of
the optimal inflation tax to different levels of satiation. Also, the technol-
ogy is such that the money demand shows a variable interest rate elasticity,
which decreases with the level of the nominal interest rate. The interest rate
elasticity depends upon the parameter values of the transactions technology;
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however, it is always zero at a zero nominal interest rate. Finally, the trans-
actions technology is assumed to be homogeneous of degree k, which allows
to experiment with alternative steady state values of &,,.. The functional
form is given by

C m
lt = |:77_t + C_t - €:| Cku
Ty Ct

where the function is defined over the range of parameters for which [; > 0.
I assume that [(c,m) = 0, or that the time spent transacting is zero at
satiation. This requires setting ¢ = 24/n (. The satiation point is given by

m o= %c, so that it changes with the values of the parameters. Figure 2

suggests that % approaches 0.5 when 7 is around 1%. Since in equilibrium
c <y, %}izl% has to be greater than 0.5, and even more so % For a given
value of the satiation level, there is a continuum of possible values for 7. I
choose a value of 1 such that the absolute value of the interest elasticity of
money demand is around 0.5 at a 6 percent nominal interest rate, in line
with the estimate of Lucas (1998) and Mulligan and Sala-i-Martin (1997).

Concerning the tax system, I assume that marginal collection costs are
increasing and that the fixed component is zero, for two reasons. First, I am
interested in calculating an upper bound for the optimal inflation tax. Con-
sidering all fixed costs as variable will result in an upward biased estimate.
If this estimate is low, I can be confident in concluding that collection costs
do not justify large deviations from the Friedman rule. The second reason is
that increasing marginal costs can be regarded as a smooth approximation
of the stepwise function that would arise under several alternative taxes.

In the benchmark case, I set the parameter v such that, under the optimal
policy mix, § = .1. Government expenditures are fixed at 18 percent of
GDP. Figure 3 shows the solution of the model for this case, under the
preferred parameterization v = 1.05, % =1, k=1 n=.006, 0 = 1.8 and
v = 1.3. The parameters in preferences are set so that the absolute value
of the compensated labor supply elasticity is between 0.5 and 1 in all the
numerical examples reported below. At a 6 percent nominal interest rate, this
benchmark parameterization implies that the absolute value of the interest
rate elasticity is at .47, the compensated labor supply elasticity is at .56 and
velocity % is at 5.8. The scale elasticity is unitary given the assumption of
k = 1. Figure 3 plots welfare as a function of the nominal interest rate, and
the actual and fitted money demand. The resulting optimal inflation tax is
very close to Friedman’s prescription, being at 0.2 percent.
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Figure 3: Benchmark case with v = 1.05,§ =.1, % =1k=1,
n =.006,0 =1.8,v =1.3.

To check the sensitivity of this result to the various assumptions, I com-
pute the optimal inflation tax in five additional cases, as reported in table 1.
These computations keep constant the share of government expenditures to
GDP, £ = .18, and the parameter values in preferences, o = 1.8 and v = 1.3.

The results are obtained under two alternative values of the degree of
homogeneity k. Since the empirical evidence on &,,. suggests values below or
equal to one, I choose k = 1 and k = .5. Recall that, when k =1, &,,,. = 1 for
all values of the nominal interest rate. When k = .5, ¢, < 1 for all strictly
positive values of the nominal interest rate. Columns two to four list the
results of the computations where either ~y, the collection cost parameter, or
(, the transactions technology parameter, are changed, under the assumption
that £ = 1 and n = .006. Colum two corresponds to the benchmark case
represented in figure 3. Columns five to seven list the results when the
parameters are changed in an identical way, under the assumption that k = .5
and 1 = .0025. The change in k is accompanied by a corresponding change in
n which leaves the absolute value of the interest elasticity of money demand
unchanged, at a nominal interest rate of 6 percent.

For each set of assumptions on k£ and 7, the optimal inflation tax is
computed by varying ¢ in such a way that = takes a value of either 1 or .7.
The table shows that lowering the satiation level has an effect on the steady
state level of the interest elasticity of money demand. However, the optimal
inflation tax, denoted as ¢*, only increases from 0.2 percent to 0.4 percent in
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both cases. The corresponding optimal tax on income, 7*, remains around
32 percent.

For each set of assumptions on £ and 7, the optimal inflation tax is also
computed by varying the collection cost parameter . In the benchmark case,
v is set such that, under the optimal policy mix, 2 = .1. In the alternative
case, I choose a value for v such that £ = .2. Under both sets of assumptions
on k and 7, the optimal inflation tax remains low. The largest value, obtained
when k£ = .5, n = .0025 and § = .2, is still below 1 percent.

Table 1
| k=1,17=.006 k=.5 n=.0025

319 | 318 | 374 || 319 | 318 | 372
.002 | .004 | .006 || .002 | .004 | .009
values at 1 = .06
Emi || AT 44 AT AT 43 .46
Eme 1 1 1 .76 .78 .76
Enr || D6 .56 .73 .56 .56 .72
% 5.8 6.1 6.4 6.1 6.2 6.8

v | 1.05] 1.05 [ 1.8 | 1.05 [ 1.05 | 1.8
RN
¢ |[-.006 | 0122|006 || .0025 | .0051 | .0025
m T 7 |1 1 7 1
7_*

/I:*

Two points emerge from the numerical exercise. The first is that the op-
timal inflation tax in the U.S. is not very sensitive to different assumptions
about the satiation level in real money balances. In the limiting case when
satiation occurs at an arbitrary large level of real balances, the optimal infla-
tion tax is zero. In the benchmark case, where collection costs are 10 percent
of government expenditures, the optimal inflation tax does not exceed half
percent when satiation occurs at % = .7. The second point is that, even
when tax collection generates losses as large as 20 percent of government
revenues, the optimal inflation tax only increases to less than 1 percent. For
reasonable values of the real interest rate, this number implies a negative
inflation rate in the economy.

6 Conclusions
In this paper, I have reconsidered the argument that, when it is costly to

collect taxes alternative to inflation, it is always optimal to set a positive in-
flation tax. In the first part, I have shown that there are specific conditions
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under which the Friedman rule is optimal despite the presence of collection
costs. When these conditions do not hold, the level of the optimal inflation
tax depends upon the collection cost schedule, as well as the interest elas-
ticity of the money demand, the scale elasticity of money demand and the
compensated labor supply elasticity.

In the second part of the paper, I have argued that the presence of collec-
tion costs does not justify substantial deviations from the Friedman rule in
the United States. Despite the extreme assumptions that all collection costs
are variable costs, that marginal collection costs are increasing, and that the
tax collection process requires throwing away 20 percent of total government
revenues, the computed optimal inflation tax remains below one percentage
point.
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A Proposition 1

Here, 1 give a complete proof of case i) in porposition 1.
Consider the case when m — co. We know that lim [, (c,/m) = 0, so that

m—o0o

the LHS of equation (13) tends to zero at the satiation point. Consider the
RHS. If collection costs are zero, i.e. v = 0, then the RH S approaches zero
as m — oo, and the Friedman rule is optimal for any degree of homogeneity
k.10 If collection costs are positive and finite, i.e. vy € [0,00), the Friedman
rule is still optimal since mlz_@go {7ml,—rm} = 0. To see why it is so, implicitly

differentiate (8), to get
—U3 e (¢, M)

[ - @)

From the homogeneity assumption of the transactions technology, it can eas-
ily be verified that

Lo (ey770) = —cb 20 (T2 28
(e, o (%) (29)
From the assumption that I, < 0, it follows that lim L”(Z) = 0. Then,
one needs to determine lim ZL” () . Define seignorage as S = im. As the

m—oo

nominal interest rate, which is the unit tax on money, tends to zero, it is
reasonable to assume that revenue from seignorage also tends to zero. Then,
lim S =lim — (1 —7)ml, (c,m) = 0. From the assumptions that /,, < 0

i—0 M— 00

and l,,,, > 0, and that the derivatives are continuous, it must be that S is a
smooth function, which approaches zero as m — oo. It follows that the first
derivative of seignorage with respect to money tends to zero at the point of
satiation (at i = 0), i.e. ling Sm = 0. Partially differentiating with respect to

m implies that _Lim Ml (c,m) =lim L" (Z)2 =0, so that

m—00
lim Tml,,_— =1lim Iy (c,m) = 0.
m—o00 m—o00

Hence, the RHS approaches zero at the limit, and the Friedman rule holds
for all positive values of the collection cost parameter v. B

16See Correia and Teles (1996) for a proof that the Friedman rule is a solution fon any
positive k, when there are zero collection costs. Note that when v = 0, equation (13) is
identical to equation (2.7) in Correia and Teles.
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B
(1)

Proposition 4

The consumer’s first-order conditions implicitly define the demand func-
tions ¢ (7,4), h(7,i), and m (7,i). From equation (7), we know that
the household’s demand for money is given by m = F (c, ﬁ) . Hence,
the household’s first order condition can be rewritten as

(e (o)) =

Now, take derivatives of both sides with respect to i« and to 7, to get
F,=—=1/[(1 = 7) lyum] and F. = —lem/lmm- Also, define the scale elas-

ticity of money demand as &, = %—Tﬁ = F.c/m, and the absolute
value of the interest rate elasticity of money demand as ¢,,; = —i F;/m.

The consumer’s budget constraint can be written as
¢ (Tai) +im (Tai) = (1 o T) [1 —h (Tai) —1 [C (Tai) ;M (T,Z)H : (29)

Take derivatives of both sides of (29) with respect to ¢, use equation
(7) to substitute for 7, and get

hi = — <Dcz~ + 1TT) . (30)

Take derivatives of both sides of (29) with respect to 7 to get

== (e + S22, (31)

1—71

Rewrite money demand as m (7,i) = F (¢ (7,1), =) .Take derivatives

of both sides of the money demand, m (7,i) = F (¢(7,i), =), with

Y17
respect to 7, substitute the expression obtained for F, and F;, and get

[ [
= m _ me - 32
T U= D e o (32)
Take derivatives of both sides of the money demand with respect to 1,
substitute the expression obtained for F,. and F;, and get
1 lme
" =) oo L (33)
Now, rewrite the consumer’s first order condition with respect to con-
sumption as

1

1—7

Dlec(r,i),h(1,i)] =l [c(T,i),h(T,1)] +

(34)
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(iv)

Take derivatives of the consumer’s first order condition with respect to
T, substitute the expressions obtained above for h, and m.,, and use
the definition given in (21) to obtain

1
(1-7)A

Cr = — (35)

Linlem 1
{Dh (1—-h—-10)+ + ]

Lo (1—7)

Take derivatives of the consumer’s first order condition with respect to
i, substitute the expressions obtained above for h; and m;, and use (21)
to obtain

A marginal tax reform that increases the inflation tax and correspond-
ingly reduces the income tax, leaving unchanged government revenues,
is optimal when

V. VG
Vi Vil G
V (7,1) is the government’s indirect utility function, while G (7,17) is
the government’s revenue raised by taxing money and income minus
the revenue lost in collecting the income tax. Taking derivatives of

(22) and of (23) with respect to both 7 and i, we obtain:

(37)

—(Des + he

7 = Rt he) (39

Up,
Vi = w’ <0 (39)

Up,

Gr=1-7)A—-h=1)—7(1—=7)(h; + lcc; + lym;) + im,; > 0,

(40)
Gi=—7(1—=7) (h; + lci + Lym;) + m —+im; > 0. (41)

Notice that G, and G; are positive because I assume that the govern-
ment is on the upward sloping part of the Laffer curve.

Now, plug the four expressions above in (37), use equations (30)-(33),
(35), and (36) to substitute for m;, h;, ¢;,m,, h;, and c,. Taking into
account the sign of expressions (38) to (41), condition (37) can be
expressed as

7'(1—7)+(1—77')im6mc 1—~7 c

[ne; —me;] ] +ynm > mep;

1—71 1—71

(42)
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From equations (35) and (36), we have that

m (1 — eme)
— Mey = —————. 43
ne; —me 1—7A (43)
Also, recall that F, = —llﬂ = emem/c and &,,; = —iF;/m. Finally,

notice that the compensatén(in change in labor supply following a change
in the income tax can be written as % = % + g—v’{,n, where W is the
amount of transfers in units of the consumption good that is given to
the agent in order to keep his utility unchanged. Then, the absolute

value of the compensated labor supply elasticity with respect to the

income tax is given by €,,; = — (%% + 66—5,7'). To derive g—l’;,, substitute
h from the budget constraint in the first-order condition (34) and apply
the implicit function theorem to obtain aa_mc/ = (1?#. From the budget
constraint, it follows that 22 = (1_11’)’% (1+ 2ep,) — rlﬂ Use (31),
(32) and (35) to obtain an expression for 2%, then use 2 and 2% to

derive ¢,,; and rearrange to get

1-na-_ TU+Tem) (44)

(1-— 7')2 NEpr — TIMEm;

Substituting (43) and (44) into (42), I obtain condition (25). B
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