Annals of Finance
DOI 10.1007/s10436-008-0103-9

RESEARCH ARTICLE

On the general equilibrium costs of perfectly
anticipated inflation

Paulo Barelli - Samuel de Abreu Pessoa

Received: 20 May 2008 / Accepted: 23 June 2008
© Springer-Verlag 2008

Abstract In monetary models where MO has no social costs and a positive demand
for cash and deposits is taken as a primitive, we show that the compensating variation
in endowment is the exact general equilibrium measure of welfare costs of perfectly
anticipated inflation. As a consequence, we show that a good approximation to the
welfare costs of inflation is given by the area under the compensated demand for MO,
a result that brings us back to Bailey (J Polit Econ 64:93-110, 1956). The estimated
welfare costs of inflation are bounded at less than a quarter of a percent of the GDP
for the U.S. economy.
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1 Introduction

The question of measurement of welfare costs of perfectly anticipated inflation has a
long tradition in the literature. The early intuition of Bailey (1956) was to use the area
below the money demand curve as an estimate of the welfare costs of inflation. Fischer
(1981) used Bailey’s idea and estimated the welfare cost of inflation to be 0.3% of
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GDP in the US. Several authors noticed, however, that Bailey’s measure was a partial
equilibrium measure and that a general equilibrium measure was needed. Dotsey and
Ireland (1996) argued that a general equilibrium measure would be three times as large
as Bailey’s measure. Lucas (2000) used a general equilibrium measure and found that
the benefit of reducing a 10% inflation rate to a 0% inflation rate is of the order of 1%
of the GDP of the U.S. economy.

In this paper we show that in a class of monetary models the general equilibrium
measure of welfare costs of inflation is the compensating variation in endowment.
This measure differs from the measures used in the literature in two ways: first it is
the compensating variation in endowment rather than consumption (as in Lucas 2000),
and second it uses MO rather than M1 as the relevant concept of money for welfare
comparisons. Endowment is derived as the relevant variable instead of consumption
because consumption is an endogenous variable, while endowment is exogenous.
Agents will change their optimal choices of consumption and leisure in response
to changes in inflation, so the compensating variation in consumption is likely to
overestimate the welfare costs of inflation. And MO is derived as the relevant concept
of money because it is produced at no social cost. Since MO does not include the
effects of the money multiplier, our measure of welfare costs of inflation is smaller
than the ones in the literature (Lucas 2000). Building on the results of Aiyagari et al.
(1998), we estimate that at most a quarter of a percent of the US’s GDP is lost due to
inflation, a figure that is in line with Fischer’s estimates.

That s, if on the one hand Bailey’s measure underestimates the true costs of inflation
because it is a partial equilibrium measure, on the other hand the proposed general
equilibrium measures overestimate the true costs of inflation because of the concept
of money used. The interesting twist is that estimates using a general equilibrium
measure and MO are much closer to estimates that use Bailey’s measure. Bailey’s
measure provides a good approximation to a general equilibrium measure. In fact,
a corollary of our main result is that, with no capital accumulation effects, Bailey’s
measure is an exact general equilibrium measure of welfare costs of inflation.

The main result is as follows: for a class of monetary models where welfare is
measured as the intertemporal utility of the representative household and MO has no
social cost,' the general equilibrium effect of long-run inflation on welfare is given
by the discounted sum of the effects of inflation on demand for M0, minus the effect
on the initial endowment. The effects of inflation on all other variables, for instance,
effects of inflation on capital accumulation, do not matter: except for money, the choice
mechanism ensures that costs and benefits of all other choice variables are equalized.

The assumption that MO is produced at no social cost is a common assumption
in the macroeconomics literature that builds on the tradition of Bailey (1956) and
Friedman (1969). The production of M1 requires a banking sector that uses up produc-
tive resources (capital and labor) that could be employed in other productive activities,
so it generates social costs. The social cost of producing MO is the cost of printing
money, which is taken as negligible. On the other hand, one can argue that MO car-
ries the social cost of the resources used up in protecting from theft and counterfeit,

1 Unlike M1 or M2, which include costly financial services, MO is produced at virtually zero social cost.
See the discussion in the next paragraph.
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and in storage and handling of large amounts of cash. We follow the macroeconomic
literature and abstract away such costs.’

The implications of the main result are as follows. First, Bailey’s proposition holds
true when the dynamic adjustment in capital is instantaneous. Moreover, even when
the adjustment process is not instantaneous, the main result shows that the effects of
the adjustment process are of second order of importance. Hence Bailey’s partial equi-
librium measure is a good approximation of a general equilibrium measure. Second,
the competitive equilibrium in the class of monetary models considered here is Pareto
optimal restricted to a given path of real money balances. That is, since all choice
variables except money are chosen optimally, we do not have the ambiguous result
of the second-best theorem: any policy that induces households to increase money
holdings is welfare improving. And finally, in line with this last comment we have
an overbanking result: any policy that increases money holdings and, consequently,
reduces the banking sector, is welfare improving.

The rest of the paper is organized as follows: Sect. 2 reviews the literature. Section 3
presents the main result using a simple extension of Sidrauski’s model, and the co-
rollaries are in Sect. 4. In Sect. 5 contains an estimate of welfare costs of inflation
and some concluding comments. In the Appendix we derive our main result in a more
general cash-in-advance model, showing that the main result holds true in the class of
monetary models where a positive demand for cash and deposits is taken as a primitive.

2 Related literature

Two recent contributions to the topic of welfare costs of perfectly anticipated inflation
are Aiyagari et al. (1998) and Lucas (2000).> Due to its encyclopedic character, we
view Lucas’ paper as the representative of the literature that uses a general equilibrium
measure of the welfare cost of inflation, instead of Bailey’s measure. As mentioned
above, our main difference is the concept of money used: we use monetary base,
Lucas used M1. Our choice is justified by the main result in this paper. Lucas does
not consider the existence of a banking sector, and hence cannot differentiate between
M1 and MO.

Aiyagari et al. (1998), henceforth ABE, is the closest paper to ours: to the best of
our knowledge, ABE were the first authors to notice the connection between Bailey’s
measure and a general equilibrium measure of welfare costs of inflation. In a cash-in-
advance economy with credit goods, ABE show that the income share of the financial
sector is equal to the area below the money demand curve. Since the former is, in
ABE’s set-up, the general equilibrium measure of costs of inflation, ABE show that
Bailey’s measure is more general than previously thought. On the other hand, ABE
fail to realize the full generality of this result: There are costs of inflation that are not
captured by the income share of the financial sector, and these are captured by the

2 1t s important to notice that, under the assumption that MO is produced at no social cost, MO is the
relevant measure of money for welfare purposes regardless of whether banks are or are not allowed to offer
interest-bearing demand deposit (contrary to the views of Lucas 1981, p 45).

3 Another recent contribution is English (1999), although his main interest is the relation between inflation
and the size of the banking sector.
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money demand. For instance, time spent queuing in stores to buy goods and oversized
financial departments in firms are nonnegligible costs of inflation not captured by
ABE’s measure. Moreover, the financial sector does provide a welfare improving
service of intermediating saving and investment decisions, so it is not necessarily true
that the income share of the financial sector represents the welfare costs of inflation. In
ABE’s model, where the role of the financial sector is solely the provision of substitutes
for money, the exact measure of welfare costs of inflation is the income share of the
financial sector. But this would not be true in a more general model. Our main result
complements and generalizes ABE’s findings in that we show that Bailey’s result is
true regardless of which costs of inflation one includes explicitly in the model.*

3 Result

The model economy is an extension of Sidrauski (1967) “money in utility function”
model, with an additional banking sector provider of substitutes of money. We make no
effort in terms of having the most general model. In the Appendix we derive an analo-
gous of Lemma 1 in a cash-in-advance type of model with endogenous consumption-
leisure choices and different technologies in the two sectors, showing that the logic
behind Lemma 1 holds true in more general monetary models. The model used here is
one of the simplest models with enough structure (namely, with substitutes for money)
to convey our main point.

With an infinitely lived representative agent, welfare is given by the intertemporal
discounted utility. The impact of inflation on welfare can be computed as the derivative
of welfare with respect to the growth rate of money balances. Since all choice variables
other than money are chosen optimally, this derivative turns out to be composed of
two terms only: the effect of o on initial capital stock, and the effect of o on demand
for monetary base (where o is the growth rate of money).

Put differently, the general equilibrium adding up constraints allow one to rewrite
the effect of o on welfare in a simple way, that brings us back to Bailey’s early intuition.
This point, to the best of our knowledge, has not been considered in the literature.

3.1 Households

There is an infinitely lived representative household that derives positive instantaneous
utility from the consumption of goods and negative instantaneous utility from costs
involved in transactions, and rents labor and capital to firms. Labor is supplied inelas-
tically. Households can hold two kinds of “money”: cash, denoted by m 1, and demand
deposit (supplied by banks), denoted by m;. Both kinds of money reduce transaction
costs, so m1 and m» enter as arguments of the instantaneous utility function. In short,

4 Jones et al. (2004) follow the approach of ABE, and show that welfare cost of inflation is substantially
lower in the model with interest-bearing deposits than in models where all monetary assets are assumed to
be non-interest bearing.
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households choose ¢;, m1;, my; and kj, ; that solve the following program:

o
max /e_mu(Cz,mlt,mZt)df
0
S.ay = ria; + W + xp — ¢ — prmay — (4 1) (my, +moy), (M

where, omitting time subscripts, a = k, + m| + my is households’ assets, kj, is
households’ physical capital stock, r and w are rental and wage rates, x is government’s
transfers to households, ¢ is consumption of goods, p is demand deposit’s relative price
and 7 is the inflation rate. All terms in the budget constraint (1) are standard, apart
from the terms x and pmy which are explained below. All variables are in units of
goods per capita, and nominal assets depreciate at rate 7.

The instantaneous utility function satisfies the standard assumptions. In addition,

we assume that u73 < 0 to capture substitutability of m| and m, (subscripts represent
92y

dm10my )

Let X be the co-state variable associated with the budget constraint (1).> The first-

order conditions are given by

partial derivatives with respect to the relevant arguments, for instance 13 =

Uy = A

uy = A(w +r)

uz = AMmw +r+ p)
A

—_ = _r’

% P

together with the transversality condition lim;_, oo e ' A;a; = 0.

The supply side is composed of two productive sectors; sector 1 (firms) produces
goods and sector 2 (banks) produces liquidity services. The two sectors operate under
the same technology, represented by a neoclassical production function F(K;, L;),
where K; and L; are sector i’s capital stock and labor? Let K = K 1 + K and
L = Ly + L, be the economy’s capital stock and labor force. In per caplta terms, we
havellkl—f-lzkz =k, I1 + 1 = 1, and ZELLD) — ;£ (k;), where k; = L Loy

L~
k=Xand fki) = Fki, 1), i = 1,2.

3.2 Firms

There is a large number of firms that produce goods, renting capital and labor taking
as given the rental and wage rates. There are no dynamic adjustment costs, so firms

5 The reader should keep in mind that A is a jump variable.

6 Recall that in the Appendix we show that Lemma 1 below remains valid with different technologies and
consumption-leisure choice.
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choose k1 and [ that solve the following program
max{ly f (k1) — (rki +w)l}
with the usual first order conditions

r= f'(k)
w = f(ki) — ki f' (k).

3.3 Banks

As with firms, there is a large number of banks that employ k> and [ to produce
liquidity services. Differently from firms, banks own capital because households must
deposit goods in bank accounts in order to acquire liquidity services. That is, for
households to use m; units of liquidity services, households must deposit m, units
of goods in bank accounts. These goods are owned by banks, and can be rented to
productive units (firms and banks) as capital. When households transfer m, units of
goods to a bank, the bank opens a checking account denominated in nominal units,
M, = Pm», where P is the price level.

There is a fixed reserves requirement ratio, denoted by ¢, so that banks (as capital
owners) can rent (1 — ¢) m units of capital to firms and banks (as productive units).
Let kp, = (1 — ¢) m» denote banks’ capital, and note that k; need not be equal to k21>,
which is the amount of capital used by banks in the production of liquidity services.’
Banks collect revenue rk;, from this renting activity. In addition, banks charge a fee,
p, to provide liquidity services, and banks collect inflationary tax because demand
deposit is a nominal asset. In short, banks’ revenue is (p + (7 +r) (1 — o)mo.8

The fee, p, is charged because the inflation rate may be too low, making inflationary
revenue too low as well.? For sufficiently high inflation rates, competition among banks
will drive p down, even to negative levels. Thatis, we donotrule out p < 0. Until 1986,
Regulation Q prevented such an outcome. But, since Regulation Q was eliminated in
1986 (Greenbaum and Thakor 2007, pp 456 and Feldstein 1995, pp 146), we think it
is realistic to allow for p < 0.

There is no dynamic adjustment costs to banks either, so banks choose k; and /5
that solve the following program:

7 Note also that k = kp, + kp, and, since ko will turn out to be equal to k, we have k;, = kp — kj,, which
need not be equal to lrk;.

8 In other words, demand deposit plays three roles in this economy, and these three roles are captured by the
relative price of liquidity services in terms of goods, p + ( 4+ r) (1 — ¢): (i) demand deposit is a nominal
asset in the household’s portfolio; (ii) demand deposit is a part of the economy’s physical capital, and it
is owned by the banks; and (iii) demand deposit is a service purchased by households. The corresponding
three components of the relative price are: (i) the inflationary tax 7 (1 — ¢); (ii) the rental revenue r (1 — ¢)
of banks renting their capital stock to firms; and (iii) the fee, p, charged by banks to provide the service.

9 The assumption is that households demand deposit because of the benefits from the services provided by
the bank to the deposit holder. As usual in production theory, the flow of services is assumed proportional
to its stock. Examples of deposit services are check redemption, payment of bills, and ATM:s.
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max{(p + (7 +r) (1 — ¢))ma — (rka + w)l2}
s.t.my = b f(k)

The constraint above is the technological constraint, stating that the amount of ser-
vice provided must be equal to the stock of goods deposited. The first order conditions
are:

r=(p+@+rd-=0)f (k)
w=(p+ @+ (1 =0)f(k) — ko f' (k).

From the first order conditions of firms and banks we have % = %‘I’;,U“) =

[k
ﬂk%%, implying that k1 = kp (= k). That is, since isoquants coincide, the opti-
mal capital-labor ratios mustbe equal. In turn, r = (k) = (p+ (T +r) (1 — ¢)) f/'(k)
implies that p + (w +r) (1 — ¢) = 1, and the supply side behavior is characterized
by

r=f'(k) 2
w = f(k) —kf' (k). 3

3.4 Government

The only role of government is to collect seigniorage on the monetary base
b = m1 4+ ¢my and to redistribute it to households, so that

X =my+my +w(my + ¢m). “)

3.5 General equilibrium

Substituting (2) and (3) in firms’ profits we see that profits must be zero, so f (k) = rk
—+ w, or

rkp = f(k) —rkp — w. &)
Substituting (4) in (1) and using (5), we have

kn 1y + i = r(ky +my +mo) + W+ my + Ema + 7 (my + Smo)
—c — pmy — (w +r)(m| + my)
kn+ 0 =y = fk)y—rky —w+w—m(1 —Omy — ¢ — pmy
kn +kp = fU) —(p+ 0 +m)A = )my—c
k= f(k) —my—c
k=1fk) —c,
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where we recall that ky, = (1 —¢)my, p+ (@ +m)(1—¢) = 1,andmy = (1-1;) f(k).
In summary, the general equilibrium dynamic system is given by

k=10fk) —c,
A= xrp— f'(k)

my =mi(oc —m).

Note that the long run capital is determined by f'(k*) = p, and, hence, does not
depend on o. This is a due to the assumption of equal technologies in both sectors,
and is not needed for Lemma 1 below.

The main result is the following:

Lemma 1 The effect of o on W is given by

dW dk
/ e ’”kz(ﬂﬂrn)—d t— o d° 6)
(o}

where b = m| + {my is the monetary base.

Proof We have

[0,0]
dw d d d
W _ [ (m_c L dm +u3ﬂ) dt
o o

do
i de dm; d d
Y dmp | dmy) | dma)
/e (d +(7‘r+)( a+do)+pda ,
0

where the households’ first order conditions were used in the second equality.
Since /1 f(k) —c —k =0and (1 —1I;) f(k) —my = 0, we have

7 dl, dms

/ ( f—+(1—11)f———)dt
do do

0

Integrating by parts, and using the transversality condition and the boundedness

of k,
ya d dk dk 7 A dk
/e—%”x = g2 —/e_ptk Z_p)—d.
dr do do A do

0 0
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Substituting,
aw [ d dmy d d di d
_ C mi nmyp m2 1 C
= Py — P I — L f ==
do ¢ (da+(n+r)<da+do)+ f + f do
0
N s dk fdh i )f dma\ ko
A P ! do Oda
7 d dk,
=/e—f“’,\ ((7T+r)( i ;ﬂ))d —,\od—o
0
wherep—l—(n—i—r)(l—g“)=1andp—%=r=f’wereused. O

Notice that the arguments of the instantaneous utility function are m and m», and
not the monetary base b; that is, b shows up in (6) due to general equilibrium effects. !
Also, since no assumption on the specific value of o was made in the argument above,
(6) is a global result. It is true for every value for o.!' Since the steady state capital
stock does not depend on o, (6) states that the impact of o on welfare is the present
value of the impact of o on the demand for monetary base. The specific adjustment
taking place after a change in o does not matter: it is incorporated in the demand for
monetary base.

Using (6), we have the following definition:

Deﬁnition 1 The welfare cost of inflation is given by the change in the initial capital
stock satisfying

’do-’

T db, dko
e 'D)»t(ﬂt+"t)_dt —)hOd_ (7N
0

10 71t is interesting to note that Bali (2000) provides econometric evidence of Lemma 1 without deriving it:
using either Bailey’s partial equilibrium measure or the compensating variation in consumption measure,
Bali shows that the welfare costs of inflation using money as currency-deposit is quite similar to the one
obtained using M0, and three times smaller than the one obtained using M 1. Bali’s result is not exact because
he uses the compensating variation in consumption, and in his model he does not consider that the banking
sector uses up productive factors.

' 1n the derivation of (6), o could be any exogenous variable. As an example, say that there is a purchase
tax t for some good. We would get:

[o¢]
aw ' db dk

= =/e‘ﬂfx,(n, ) =L dt—ag—2.
dr |;—9 dr |,—g dr

The important distinction is that this result would apply only in a neighborhood of zero; in contrast, due to
the particular role played by the parameter o in monetary models - there is no first order condition associated
with o - (6) is a global result.
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where b, is the compensated demand for monetary base.

Equation (7) is the dynamic counterpart of the static compensating variation mea-
sure, which is defined as the compensating variation of income, the exogenous “en-
dowment”. It is important to note that (7) is a result: it is the measure of welfare cost of
inflation compatible with the model presented here. In the literature (c.f. Lucas 2000)
the general equilibrium measure used is the compensating variation in consumption,
rather than endowment. Since consumption is endogenous, such a measure tends to
overestimate the welfare costs of inflation, as agents will change their optimal choices
of consumption and leisure in response to changes in o.!2

Itis also important to compare (6) and (7) with the analogous expressions in Fischer
(1981). Fischer derived an expression for %—2‘/ (expression (15), p 9) that includes the
effect of o on the inflation rate between today and tomorrow (Fischer used a two period
model). Such effect is captured in the derivation of (6): consumers take the paths of
prices and inflation as given; a change in o triggers an once-and-for-all change in &
and consumers re-optimize accordingly.

Fischer also derived an expression for the welfare costs of inflation, given by the
compensating variation in initial wealth (expression (19), p 10). Such expression is
readily comparable to (7) (in fact, it is Bailey’s result that we derive in Proposition 1
below). But Fischer worked in a partial equilibrium set up, and assumed that current
wealth, real return on bonds, future real income and relative prices were not affected by
inflation. In contrast, we obtain a similar result by exploiting the general equilibrium
adding up constraints.

4 Some implications

The following three corollaries of (6) are quite interesting.

Proposition 1 (Bailey) The area below the inverse compensated money demand is
the general equilibrium measure of the effects of inflation on welfare.

Proof Let R* = r* + m* be the long-run nominal interest rate. Since X is a jump
variable, from (7) we have:

_ o0 _
dk db db 1
V— = k*R*—/e_p’dt = A R*——.
do do do p
0
Integrating:
T dk . db e
pAkCOmpensation foro = /0/ dd/do-/ = / R*(Fdoj = / R* (B) db.
-’ o b(—p)

12 145 straightforward to incorporate the consumption-leisure choice in the simple model presented here.
In fact, in the Appendix we do so in a cash-in-advance model.
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Note that Ak is the compensation in wealth and p Ak is the flow measure of the welfare
cost of inflation. O

Or, in Bailey’s words:

“This conclusion, that the area under the observed demand curve for real cash
balances during an inflation measures the welfare costs of the reduction of these
balances, applies regardless of the particular manner in which these costs affect
real income and leisure.” (Bailey 1956, p. 102, emphasis added.)

It is remarkable that Bailey realized that the area under the observed demand had
a general equilibrium interpretation in the 1950s, and the literature failed to fully
understand his contribution for over four decades. It is here that the assumption of equal
technologies plays a role: with equal technologies, there is no transitional dynamics
in k after a change in o, since k* is fixed by f/ (k*) = p. The co-state variable
jumps immediately and the economy moves to the new steady state. With different
technologies we have to add the condition “if the adjustment process is instantaneous”
to Proposition 1 above.

Note, however, that when technologies are different and the adjustment process
is not instantaneous, Lemma 1 implies that the effects of the adjustment process
are of second order of importance. That is, Bailey’s intuition remains true at first
approximation.'?

Proposition 2 The general equilibrium is Pareto-Optimum restricted to a given path
of the real quantity of monetary base.

Proof From (6), for a fixed kg, we have % = fooo e PIn(my + 1) %dt. Hence, with
the exception of monetary base, social costs and benefits of all other choice variables
cancel out. O

In others words, this is a welfare maximizing economy restricted to the fact that
the household is consuming less monetary services than the social optimum. That is,
a central planner who is neither able to avoid inflation nor to induce the households
to increase their money holdings, will do no better than the market. Thus, any policy
that increases the present value of money holdings is welfare improving. For instance,
increasing the tax rate on any good, from a initial situation with no tax, is welfare
improving if and only if it increases the present value of the money holdings (regardless
of any other impact on the economy).

The second best theorem states that, in general, we cannot give policy prescriptions
for outcomes that are not Pareto optimal. Proposition 2 is a step forward from this
dismal position: policies that increase the present value of money holdings are always
to be recommended. As a consequence, we have:

Proposition 3 (Overbanking) Starting from a situation with no tax on banking
activities and with no reserve requirement ratio ({ = 0), an increase in such a tax
is welfare improving.

13 See also the argument in Sect. 5 below.
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Proof Let t be atax on banking activities, and assume that the proceeds are transferred
back to households in a lump-sum fashion. Repeating the steps of Lemma 1 for a fixed
level of kg, we get:

dw
dr

dmy,
dr

de,

=0 =0

o0
=/€7m)ht(7'[t+”z)
0

dmy,
< 0, we have a

Now, since u>3 < 0, and d’;—f’ o 0 > 0 and the result
T= =

follows. o

Johnson (1968) provides the intuition behind the overbanking result:

“The substantive point is that, because the private cost of holding currency (the
interest forgone) substantially exceeds the social cost (raw material, value added,
and policing), free competition in banking, by making the private and social
cost of deposit holding coincide, would tend to produce a social non-optimum
overallocation of resources to the provision of deposit money and underallocation
of resources to the provision of currency holding. (...) On the assumption that
currency cannot be issued other than as a non-interest-bearing asset, achievement
of the “second best” welfare optimum would require a tax on the holding of
deposit money at a rate somewhere between zero and the competitive interest
rate in deposits (...)” (p 974).

The overbanking result goes against the view that banking regulations necessarily
increase welfare costs of inflation. For instance, Fischer (1981, pp 18 and 19) argues
that interest rate controls on nominal assets other than MO increase the welfare costs
of inflation. But Fischer overlooked one important general equilibrium effect (he used
a partial equilibrium model): as he noted, with interest controls on, say, demand depo-
sit, increases in inflation increase the private cost of holding demand deposit; but the
resulting reduced demand for the service frees up productive factors from the banking
sector to other sectors of the economy. Lemma 1 shows that these two effects can-
cel out whenever the interest rate controls are marginally active. And, since interest
rate controls increase demand for MO, welfare costs of inflation decrease rather than
increase. That is, if inflation is not very high, it may be the case that Regulation Q is
a welfare improving regulation. For very high inflations, the impact of Regulation Q
on welfare is ambiguous in general, and one would need a specific model to address
this particular issue.

The condition ¢ = 0 is needed for the result above, since Lemma 1 is in terms of
monetary base, b = m+¢m», and for ¢ > 0 the net effect of 7 on b is ambiguous. But
in this model there is no risk of bank runs, so ¢ is an additional restriction on banks.
So the overbanking result should be read as follows: in the absence of any restriction
to banking activities, the introduction of a restriction is welfare improving. Notice that
this provides a rationale for ¢ > 0 that is not based on risk of bank runs.

A more important point is that it is believed that interest rate controls on nominal
assets other than MO (like Regulation Q) justify the use of M1 instead of M0 to measure
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welfare costs of perfectly anticipated inflation (Lucas 1981, p 44). The argument above
shows that this belief is based on a partial equilibrium view. For welfare purposes, and
in general equilibrium, money is the service that does not use up productive resources
in its provision, and hence “money” must be MO, and not M 1.

5 An estimate of welfare costs of inflation

We mentioned above that this paper complements ABE in showing the generality of
Bailey’s result. ABE’s use of the income share of the financial sector can be criticized in
two grounds: first, there are other costs of inflation that are not necessarily captured by
this measure, like changes in consumption patterns to avoid holding money; second, the
financial sector does provide the welfare improving service of financial intermediation.
It is true that in ABE’s model the income share of the financial sector is equal to the
area under demand for MO, but this need not be the case in other models. The result
in this paper is that the area under demand for MO measures accurately the costs of
inflation and is not liable to the two critiques mentioned above. When one estimates
the area under the demand for MO, one gets a measure that captures, as costs of
inflation, changes in consumption patterns, time spent queuing in stores to buy goods
and oversized financial departments, to name a few, with no underlying assumption
that the financial sector is always a “bad” for the economy.'*

In terms of numbers, we also have a complementary result. The estimate of the
welfare cost of inflation in ABE is that it is bounded at less than 0.5% of US’s GDP,
while our estimate, using ABE’s numbers, is that it is bounded at less than 0.2% of
US’s GDP. The curiosity here is that our estimate is the area below the demand for
MO, whereas ABE add a component to that area, failing to realize that this component
is negligible when transition effects are considered. !

“The second result is that at low to moderate inflation rates, the inflation distortion
tax component, which is the difference between the total welfare cost and the
misallocation component, is roughly from two to three times the misallocation
component” (p 1298).

The misallocation component, that captures the welfare cost as resources are diver-
ted from the goods sector toward the banking sector, is, in ABE’s model, the income
share of the financial sector, which is computed as the area under the demand for MO,
and hence is our estimate. The distortion tax component is due to the cash-in-advance
restriction applied to investment goods, which in effect turns inflation into an increase
in the shadow price of capital. ABE report the sum of these two components as total
costs of inflation.

14 1n our model, when the nominal interest rate is zero, the value added in the banking sector is not zero,
because banking services and money are not perfect substitutes, as both are arguments of the household’s
utility function. This is not the case in ABE’s model (and in the model presented in the Appendix), where a
positive demand for money comes from a cash-in-advance constraint which implies that banking services
and money are perfect substitutes. In those models, banks add no value to the economy.

15 ABE also fail to realize that an analogue of Lemma 1 is valid in their model as well. In fact, the model
presented in the Appendix below includes ABE’s model as a special case.
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But Lemma 1 above suggests that the distortion tax component is negligible at
first order. And taking numbers from ABE’s Figure 9, page 1298, and from ABE’s
Figure 5, page 1295, we see that total welfare cost, considering transitional effects,
and misallocation costs are virtually identical. Once dynamic effects are considered,
the distortion tax component is practically eliminated. In other words, total welfare
cost is given by the misallocation cost, which is what we expect from Lemma 1.

Note that on top of being in line with Lemma 1, ABE’s numbers are also in line
with Bailey’s intuition: although Bailey’s proposition is true only with no transitional
effects, ABE’s numbers show that it remains approximately true when transitional
effects are included.

In summary, the main result in this paper is a derivation of a measure of welfare
costs of inflation. In comparison with the literature, the difference is the use of MO
instead of M1. In terms of numbers, ABE’s figures together with our result indicate
that the costs of perfectly anticipated inflation are bounded at less of 0.2% of GDP,
when inflation is low as it is for the US.
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Appendix

Here we illustrate the generality of Lemma 1 above. A similar result is derived in a
cash in advance model. There is a continuum of goods index by z € [0, 1]. Goods are
identical from the supply point of view, which means that the producer price P; is the
same, regardless of the type. There are two sectors in the economy: the goods sector,
that produces the goods, and the banking sector, that produces a banking service. Each
good can be either a cash good or a credit good. Households pay P;(z) = P; acquire a
cash good and since they must hold cash in order to buy it, then this means they face a
cost P;(1+R;) from holding the cash. When buying a good as a credit good, households
pay Py to the good’s producer plus the intermediation services cost, of P3(z) units of
banking services. Thus, the effective cost of a credit good is P;(z) = P;(1 4+ pR(2)).
Under the assumption that both sectors operate under the same technology, units of
banking services correspond to units of goods. The total per capita production of goods
and services is f (k;, n;), where n; is the per capita supply of labor services. Moreover,
the transaction services cost function is increasing in the index z and SR(0) = 0. At
any moment there is a cut-off index, 3, such that any good whose index is lower than
the cut-off is bought as credit good, and the others are bought as cash.
The representative household solves

max > Bule,, 1 —ny) (8)

t=0
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where

0
1 6T

-1
= /ct" (2)dz

0

is an aggregator function that defines the unit of consumption.

The household faces two sorts of restrictions. One is the cash-in-advance and the
other is the budget constraint. Before going to the goods market, the household can go
to the credit market and get some cash at no cost. Let M,, B;, and X, be, respectively,
the nominal quantity of money and bonds in the household portfolio, and the nominal
value of the government’s transfer. The cash-in-advance restriction is

1

M, + X; B; By 1 / .
—t 5 5 s 25 | P dz. 9
Py PR+ k) - p ) H@E@E@ i@ )

3t

The left hand side of (9) is the amount of cash carried for consumption before going
to the goods market, and the right hand side is the nominal cost of cash goods for
consumption and investment. The budget constraint is

1
M, + X, B; 1 .
——+ — 4+ win; + 1k > — | Pr(2)(ci(2) +ir(2))dz
P P P
0
M B
+ t+1 + t+1 ) (10)

Py P(1+R;)

Capital accumulates whenever investment exceeds depreciation:
kipr =i+ (1 = 8k, (11)
where i; is an aggregator function that defines the investment good

0
1 -1

-1
i = /i,” (z)dz

0

Taking the limit &6 — 0, we have ABE’s model; the limit § — 1 reproduces
Gillman (1993) model if an economy without capital is considered. If the cut-off
index, 3;, is fixed and if there are neither banking services nor transaction services, the
model reproduces Lucas and Stokey’s (1983) economy under certainty, and if there
are no credit goods, the model generates Stockman’s (1981) model. Additionally, if
capital is a credit good without transaction cost, Lucas (1981) model under certainty is
obtained.
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First order conditions:

1

(C,(Z))_O _ (l't.(Z))_f? = (1+ %) i ifz <3 (12)

Ct 123 Qt

and (Ct(Z))_e - (it'(Z))_e =(1+R,)ﬁifz > 3t (13)
” i 0,

if the household faces the price (1 + 93(z)) P, when z < 3;, and faces the effective
price (1 + R;) P; when z > 3;, where

1
3t -0
O, =P(+1)=P /(1 + RNz + (1 - 300 + R (14)
0

is the effective price index faced by the household.

Let B! A s, B'As, and B A,q; be respectively the Lagrange multipliers of (9), (10),
and (11). Recalling that P, (z) = (1 + fR(z))P'T(f) if z < 3; and that P;(z) = P, if
z > 3, it follows that the first-order conditions for the flow variables, consumption
and investment, are

1 _1
ui(er, 1 =npefe; "(z) = M (1 + )
1 _1
and q,ii, *(2) = 1+ ps if 7 > 33 (15)
1 _1
ui(er, 1 —npef e, *(2) = M1+ R(2)

11
and i1, 7(2) = 1 + R@) if 2 < 31. (16)
The first-order conditions for the labor supply and the cut-off index are

uz(c, 1 —ng) = Awy
L+ pe =1+RG).

This last condition states that the relative price of money in units of bonds is equal
to the credit cost of the cut-off good. This relative price should be equal to the nominal
interest rate in order to keep the budget restriction bounded; otherwise it would be
possible to gain money selling (or buying) cash the 3, good, and buying (or selling) it
as credit good. At each instant the cut-off good is determined with the aim of meeting
this non-arbitrage condition. That is

e = Ry =RGy). o))

As Gillman (1993) stressed, (17) is a Baumol-type condition which equates the mar-
ginal cost of holding money with the marginal transaction cost.
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Substituting (12) and (13) into (15) and (16), and using (14) and (17), we have
ui(er, 1 —ng)) =10 +17)andg =1+ 1. (18)

The Euler equations for capital and bonds are respectively

A1+ 1) = Brepi (1 + 7)1 54—y (19)
I+ 1741

and,

= Brrr1(1+ Rt+1)

t+l

It is clear from (19), after substituting (18), that the cash-in-advance restriction on
investment acts as a distortion taxation on capital.

Lemma 1

Proposition 4 The effect on welfare of an increase in the growth rate of the nominal
quantity of money is

- dm dko
DB MR— ol + (L4 70) (1= 8)] (20)
t=0

Proof From (8), and (15), (16), (12), and (13), we have

o0

=S>8 /(1+9%( ) ’(Z)d +/(1+R,)dct(z)d - i’;‘ . @
=0

3t
The GDP equation for this economy is

1

S ke, np) — /(1 + R(@)(er(2) +ir(2))dz — /(Ct(Z) +ir(z))dz = 0,

3t
which means that
o 3
_ ‘ dk; d”t / dCt (Z) di; (2)
O_gﬁkl s Wi J (1 4+ R(@)( + Ydz
ad d d
=3B [ Reotean +inGn D+ / L ez
=0
5t
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Adding (22) to (21),

1

aw < d
= = Zﬂ’kt / Cd’l (Z)d - 9‘{(3,)61(31)—
t=0

t

00 3t
dk di (2)
+> BN r,d—o’—/(1+m(z))(’l—odz
t=0 0

d
/ l‘;(z)d —%(a[)m,)— . (23)

3t

From the first-order condition for the investment, we have

14+ 1)i; = /(l + R(2)i (z)dz + (1 + R,)/l,(z)dz,

3t

which means that

O—Zﬂkt |:/(1+2R( ) (Z)d +(1+R,)/d”(1) }

t=0

1
+§ﬁ’/\, |:—/z,(z)dz—z % (1 +m£] (24)

At
Since

1
dR d(l + ;)
d—at ir(z)dz — ltTt 0,

3t
adding (24) to (23) yields

1

- d d
= > 80| [ Regotenta) + @)z = Raer 60 + G0 2
= o do

!

d
+Zﬂ he [n— — 1+ m%] (25)
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The second line in (25) can be written as

o

dk dk, dk,
> Bh [nd—’—(lﬂ)( o —(1—3>—’)]
Py o do do

S t t t—1 dk;
=3 [Fun+ B u+ =8 = B (7)) T
t=1
+Ao[ro+ (1 + 1)1 —9)] dko
do
dk
= o lro + (1 + 10)(1 — 8)] d—° (26)
o

in which the second equality follows from the first-order condition for capital accu-
mulation, equation (19), the transversality condition, and because capital is bounded.
Substituting (26) into (25), we have

aw &, d / , dko
o = 2 MR /(c,(z)+zt(z)>dz + 20 lro + (1 + 1) (1 = 8)] —
o do

0.¢]

¢ dmt dkO

= > B MR~ +kolro+ (1 +70)(1 - §)] —.
do do

O

Notice that the absence of inside money in the model above, which means that we

cannot distinguish MO from M1. But also notice that the inclusion of inside money
can be done in the same lines that we did in the main text.
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