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WELFARE COST OF INFLATION IN A
GENERAL EQUILIBRIUM MODEL
WITH CURRENCY AND
INTEREST-BEARING DEPOSITS

BARRY JONES, GABRIEL ASAFTEI, AND LIAN WANG
State University of New York at Binghamton

We generalize a money-in-the-utility function model to include interest-bearing deposits
and use the model to estimate the welfare cost of inflation. In the model, the user cost of
deposits is invariant to inflation in steady state. Currency and deposits are assumed to be
weakly separable and the model is calibrated using index number methods. We find that
the 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.
We also show that higher inflation can raise or lower the rate of convergence to steady
state depending on the coefficient of relative risk aversion, but the effect is weak. We
provide evidence for OECD countries suggesting that there could be a positive effect of
inflation on user costs, which would lead to higher welfare cost estimates.
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1. INTRODUCTION

Increasing the rate of inflation causes nominal interest rates to increase. In re-
sponse, agents attempt to substitute away from non-interest-bearing monetary as-
sets, which causes the price level to increase and real monetary asset stocks to
decline. This idea underlies a long line of research on the welfare cost of infla-
tion. Lucas (2000) estimates the welfare cost of inflation in a general-equilibrium
money-in-the-utility-function model, where money is non-interest-bearing. In that
model, steady-state consumption is invariant to inflation and the real stock of
money is inversely related to the rate of inflation in steady state. The welfare cost
of inflation is expressed as the percentage increase in steady-state consumption
needed to offset the utility loss caused by inflation." Gillman (1993), Dotsey and
Ireland (1996), Marquis (1999), Bali (2000), Simonsen and Cysne (2001), and
Cysne (2003) investigate the welfare cost of inflation in alternative models.?
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Lucas (2000) estimates the welfare cost of inflation, assuming that all assets in
M1 are non-interest-bearing. He finds that estimated demand functions for simple
sum M1 perform poorly in the 1990’s and suggests that M1 is too narrow for this
period. To resolve the problem, Lucas suggests using Divisia indexes to measure
the flow of monetary services, following Barnett (1978, 1980). The user cost of an
interest-bearing monetary asset is the discounted spread between the rate of return
on an alternative asset and the own rate on the asset. The growth rate of a Divisia
quantity index is a weighted average of the growth rates of the components, where
the weights are the expenditure shares of the components.

The purpose of this paper is to incorporate interest-bearing monetary assets into
the money-in-the-utility-function model and to derive estimates of the welfare cost
of inflation that can be compared to estimates from similar models containing only
non-interest-bearing money. In our model, households derive utility from consumer
goods, real currency stocks, and financial services. Goods and financial services
are each produced by profit-maximizing firms. We equate financial services with
an aggregate of interest-bearing monetary assets (deposits), and we assume that
monetary assets are weakly separable from consumer goods. We assume that all
deposits are interest bearing and we calibrate the model using Divisia indexes at
the M1 and MZM levels of aggregation. Divisia indexes for the United States
usually have been based on the assumption that some or all demand deposits in
M1 earn implicit interest.> In addition, M1 includes interest-bearing checkable
deposits, which expanded throughout the 1980’s. MZM includes all components
of M2, except for small-denomination time deposits.

We find that the welfare cost of inflation is substantially lower in models with
interest-bearing deposits than in models that assume all monetary assets are non-
interest-bearing. This property results from several key assumptions: demand de-
posits are assumed to earn implicit interest, production is constant returns to scale,
and banks do not hold reserves. If some demand deposits do not earn implicit in-
terest or if the implicit interest rate is not fully competitive, then we would obtain
higher welfare cost estimates. If production in the financial sector is not constant
returns to scale or, if banks hold reserves, then the user costs of interest-bearing
deposits could be affected by inflation. We provide an empirical analysis of the re-
lationship between user costs of deposits and inflation in OECD countries that did
not experience high inflation. We find some evidence for a small positive impact
of inflation on the user cost of deposits. This consideration, which could be even
more important for high-inflation countries that are not considered in our analysis,
would lead to higher estimated welfare costs of inflation. Thus, we interpret our
results as being conservative estimates of the welfare cost of inflation for low-to
moderate-inflation countries, which can be compared and contrasted with higher
estimates in the literature.

Our results are consistent with other recent research. Cysne (2003) shows that
under some assumptions a Divisia monetary services index provides a reasonable
approximation of the welfare cost of inflation in a shopping-time-model. He also
derives sufficient conditions under which the welfare cost measure is very close
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to the area under the inverse demand for the monetary base. Thus, he argues that
welfare cost estimates based on the assumption that M1 is entirely non-interest-
bearing will be overstated by a factor of three, which is the monetary base multiplier
for M1 in the United States. Bali (2000) finds that ignoring the distinction between
currency and deposits in M1 leads to overstatement of the welfare cost of inflation
by a factor of three in an empirical study. We compare our welfare cost estimates
derived from Divisia M1 and MZM to estimates derived from the monetary base,
which is equivalent to the currency stock in our model. We find that the estimates
derived from the monetary base are similar to one type of estimate from our model.

We calculate welfare cost estimates using the steady state of the model. Because
our model incorporates capital, we can also use it to analyze the transition path.
Fischer (1979) and Asako (1983) showed that inflation could affect the rate of
convergence to steady state in money-in-the-utility-function models. We use a
simplified version of our model to determine the importance of such an effect.
We find that changes in inflation can increase or decrease the rate of convergence,
depending on the coefficient of relative risk aversion. The effect is found to be
weak, however, implying that steady-state welfare costs are of primary interest.

In Section 2, we describe the model; in Section 3, we calibrate the model and
estimate the welfare cost of inflation; in Section 4, we determine the impact of
inflation on the rate of convergence; in Section 5, we provide empirical evidence
on the relationship between the user cost of deposits and inflation; in Section 6,
we discuss directions for further research; and in Section 7, we conclude.

2. MONEY-IN-THE-UTILITY-FUNCTION MODEL

The model consists of three agents: a utility maximizing household, and two profit
maximizing firms.

2.1. Utility Maximizing Household

The household maximizes lifetime utility as a function of goods, c, real currency,
m, and financial services, d. Real currency is m = M/ p, where p is the price of
goods and M is the nominal stock of currency. The household maximizes lifetime
utility

/OO e Vic(s), m(s), d(s)]ds,
0
subject to flow budget constraints of the form
c(s) + pa(s)d(s) + 8k(s) + 7w (s)m(s) + k(s) + rir(s)
=1(s) +0(s) + [r(s) + 8]k(s) + wi(s)ni(s) + wa(s)na(s),

where p;(s) is the relative price of financial services; k(s) is capital stock; § is
the rate of depreciation; 7w (s) = p(s)/p(s) is the rate of inflation; 7 (s) is the real
value of a transfer of currency; 7(s) + § is the real user cost of capital; n;(s) is
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labor supplied to sector i = 1, 2; w; (s) is the real wage in sector i; and 6 (s) is real
dividend income from both sectors.

The household rents capital to the two sectors at real rental price r(s) + §.
Capital rented to each sector is denoted by k; (s), so that ki (s) + ka(s) = k(s). It
also inelasticly supplies one unit of labor, which is divided between both sectors so
that n; +n, = 1. Total labor income is w (s) = w;(s)n1(s) + wy(s)n,(s). Interior
solutions require that wages in both sectors be equal. If they are not, then all labor
is supplied to the high-wage sector. In either case, w(s) = max{w;(s), wa(s)}.

Let a = k 4+ m and substitute it into the budget constraint to get the following:

a(s) = [t(s) +6(s) + w(s)] +r(s)als) — c(s) — pm(s)m(s) — pa(s)d(s).

The real user cost of currency, p,, (s), equals 7 (s) 4+ (s). The decision is equivalent
to one in which d is the real stock of a deposit that earns nominal interest rate
ig(s). In this case, a = k + m + d and the real user cost of deposits, p,(s), equals

r(s) +mw(s) —iq(s).
Assuming V is differentiable and quasi concave and assuming an interior solu-
tion, optimality implies the following conditions:
Vile(s), m(s), d(s)] = n(s),
Vale(s), m(s), d(s)] = () pm(s),
Vile(s), m(s), d(s)] = p(s)pa(s),
w(s)/ u(s) = ¢ —r(s),

where  is the costate variable for the current-value Hamiltonian. We also impose
the transversality condition, lim,_, o, ¢~%*u(s)a(s) = 0.

2.2. Goods Producers

The goods producer hires labor, n(s), and rents capital, k;(s). We assume that
the production function, y = f(ny, k1), is concave, homogenous of degree one in
labor and capital, and satisfies Inada conditions. The firm maximizes instantaneous
profits:

f(n1(s), ki(s)) —wi(s)ni(s) — (r(s) + 8) ki(s).

The necessary conditions for optimality are as follows:

filni(s), ki (s)] = wi(s),
falni(s), ki(s)] = r(s) + 6.

The resource constraint derived from this sector is k = f(ni, ki) —c— Sk.
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2.3. Financial Services Producers

The financial firm hires labor, 7, (s), and rents capital, k»(s), to produce financial
services. We assume labor and capital are transformed into financial services by
a production function, d = h(n,, ky).* The production function is assumed to be
concave, to be homogeneous of degree one in capital and labor, and to satisfy Inada
conditions. The financial firm maximizes instantaneous profits:

Pa($)h[na(s), ka(s)] — wa(s)na(s) — [r(s) + 8lka(s).

The necessary conditions for optimality are as follows:

Pa($)hi[n2(s), ka(s)] = wa(s),
Pa($)ha[na(s), ka(s)] = r(s) + 4.

The instantaneous profits from both sectors are paid to the household as dividend
income, 6(s).

2.4. Steady State

We assume there is no growth in population or productivity for simplicity. We
also assume that t(s) =om(s), where 0 = M /M is constant. The growth rate
of the real stock of currency is mi(s)/m(s) = o — m(s). These equations and the
optimality conditions imply the following steady-state conditions (denoted by an

asterisk):
r=¢.
T* = o,
om=¢+o0.

If n} and n; are nonzero, then wages in the two sectors must be equal. Profit
maximization and wage equalization yield the steady-state conditions

fi(n7, kY) = pihi(n3, k3),
Hmi, k) = piha(n3, k3) = ¢ + 6.
The resource constraints yield the steady-state conditions
c* 4 8ki + 8k = f(n}, kY),
d* = h(n3, k3).

Linear homogeneity of the production functions in capital and labor implies that
we can rewrite the conditions in terms of the capital-labor ratios, z; = k;'/n}.
Dividend income is zero because of constant returns to scale. We also eliminate
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n} using the condition n} + n5 = 1. The resulting steady-state conditions are as

follows:
fill, z) = pghi (1, 23), (¢Y)
L,z = ¢ +3, 2
piha(1,25) = ¢ + 6, A3
¢ =1 =n)lf,z]) — 8z7] = dn3z3, @
d* =n3h(1,z3). 5

The household optimality conditions evaluated in steady state are as follows:

Vi(c*, m*,d*) = u, (6)
Va(c®, m*,d*) = u*p,, (7
Vi(c*, m*,d*) = pu*pj. 6]

Equations (1)-(8) determine the steady-state values of z}, z5, pj, c*, m* d*, u* nj.
The capital-labor ratios and the relative price of financial services do not depend
on inflation in steady state because z7}, z5, and p; are determined by (1)—(3), which
do not contain o. We can differentiate the other equations, (4)—(8), with respect
o to produce a system of equations. The solution to this system can be used to
determine the impact of inflation on the other steady-state variables. The impact
can be summarized in terms of dm* /9o and dn} /9o . Itis not possible to determine
the signs of these partial derivatives, however, without additional assumptions.

In the next section, we make assumptions that imply am*/do < 0. Optimization
implies that the marginal rate of substitution between financial services and goods,
V3/ V1, equals the relative price, py. If m*™ adjusts in response to a change in o,
then this marginal rate of substitution will change in steady state. This causes c*
and d* to adjust, because p is invariant to inflation. The adjustment in ¢* and d*
must be in opposite directions because labor supply is inelastic in the model. The
signs of dc*/do and dd*/do cannot be determined, however, without additional
assumptions. The sign of dn3/do is positive if labor is reallocated toward the
financial sector in response to higher inflation and negative if it is reallocated
toward the goods-producing sector.

3. WELFARE COST OF INFLATION

Lucas (2000) expresses the welfare cost of inflation as the proportion by which
steady-state consumption would have to increase to offset the utility loss caused
by increasing the rate of inflation from a benchmark rate. In our model, the welfare
cost function, A(c, o ®), is defined implicitly from the following equation:

Vic* (o)1 + Ao, a®)], m*(0), d*(0)} = VIc*(0®), m*(a®), d* ()],
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where c*, m*, and d* are functions of o. Welfare costs are computed relative
to a benchmark inflation rate, o 2. To calibrate the model, we interpret d as an
aggregate of interest-bearing monetary assets and p; as the corresponding dual
price aggregate. We refer to d as deposits for the remainder of the paper.

3.1. Functional Forms

We assume that currency and deposits are homogeneously weakly separable from
consumer goods. The utility function has the form V(c,m,d) = Ulc, g(m, d)],
where g is linearly homogeneous.> Weak separability and linear homogeneity
imply that g(m, d) evaluated at the optimum is a monetary quantity aggregate. We
assume that the subutility function is CES:

v—1 I v=1Y\ v=1
gm,d) = (mV—l-deV) .
The dual price aggregate is the unit expenditure function, which has the form

N
pe= (o " +vpy ")

Under these assumptions, the household can be viewed as making a two-stage
decision. In the first stage, the household maximizes lifetime utility,

[0}
/ e P Ulce(s), g(s)]ds,
0
subject to flow budget constraints of the form

a(s) =[t(s) +0(s) + ()] +r(s)als) —c(s) — py(s)g(s).

The solution to the first stage produces optimal values of the monetary aggregate.
In the second stage, the household minimizes expenditure on m and d, subject
to the constraint that g(m, d) equals the optimal value of the monetary aggregate
determined from the first stage.

The function U determines the relationship between consumption and the mon-
etary aggregate. Following Lucas (2000), we assume that U has the form

1 =1 1 =D (ny—nl)
U(c,g):—(c n +Ang ) ,
14

where y < 1. Under this assumption, the optimal control solution implies

g/c=Ap,". )
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Finally, we assume that production in both sectors is constant returns to scale
and Cobb-Douglas:

o

y=nif(l,z1) =mz ",
d =nyh(l,25) = Anyzy .

3.2. Calibration

The steady-state values z7, 25, pj, ¢*, m*, d* for these functional forms are as

follows:

=11 —a)/(¢+ 81",

o a1 =P)

2Bl -
o+4

* *\ B

Py = (Zz) 7)»(1 — ,3)’

o [()'™ = 8z} In(zp)' 7

- (WA (o)~ (2]~ = 8zf + 8231} + A(25)!=F”
m* = Ac*(pg)" ()"
&= vact (o) (i)

The steady state does not depend on y. We set ¢ = 0.0545, which is determined
from an annual discount factor in Cooley and Prescott (1995). Labor’s share of
income is set to the same value in both sectors: « = § = 0.6. We set the depreciation
rate equal to § = 0.079, which determines the ratio of investment to capital stock
in steady state.

We obtained data for stocks and user costs of U.S. monetary assets from the
Federal Reserve Bank of St. Louis. Anderson et al. (1997) describe the data set.
We computed Divisia quantity indexes and dual price indexes for all components
of M1 and MZM except currency for 1959-2000 using these data.” These indexes
include demand deposits and OCD for M1 and, in addition, savings deposits,
MMDA, and noninstitutional money market mutual funds for MZM. We use these
indexes along with currency and its user cost to estimate a linearly homogeneous
CES demand system. The expenditure share for currency is as follows:

1—
s Pur
mit = T—v-
Pm,rv + W)d,,”
In the demand-system estimation, we assume that the observed share is generated

by Sm.t = Sm.« + u;, where u; = pu,_; + &, and &, is a zero-mean i.i.d. normal pro-
cess. We assume a distribution for the initial point, u;, that ensures stationarity
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[see Pollack and Wales (1992)]. We set ¢ and v equal to their maximum likelihood
estimates.®

Divisia monetary services indexes (MSI) for the United States at the M1 and
MZM levels of aggregation are available from the Federal Reserve Bank of St.
Louis. We measure consumption as the nondurable and service components of
PCE. Let Ratio denote the natural logarithm of the nominal MSI quantity index
divided by nominal consumption. Let Dual denote the natural logarithm of the
real MSI price index. We calibrate 1 using two methods. First, we calibrate it
by regressing Ratio against a constant and Dual. The residuals of the regression
are highly serially correlated and the regression equations overpredict Ratio for
both Divisia M1 and MZM throughout the 1990’s, which is similar to the re-
sults in Lucas (2000) for simple-sum M1. Second, we calibrate it by computing
the long-run derivative (LRD) of Ratio with respect to Dual, using the formulas
of Fischer and Seater (1993). We assume that both series are /(1) in the LRD
calculations.’

The steady-state expenditure share of the monetary aggregate, s, is determined
from (9) as follows:

o P8 Alp)'" .
¢ opggr e Al T+

The inflation rate, o, used to compute the steady-state user cost of currency is the
average annual rate of inflation in the United States from 1959 to 2000 converted to
continuous time, o = 0.0411.'° We set A so that 5, equals the average expenditure
share for the MSI relative to total expenditure on consumption and MSI, during
1959-2000. The average shares are 0.0178 for M1 and 0.0336 for MZM, which
are calculated using the nondurable and service components of PCE.

The steady-state share of currency within the monetary portfolio, s, is given
by the following equation:

ot (o)™
" pmt gt () T+ Y (o)

N

We set A so that s equals the average expenditure share of currency relative to
total MSI expenditure for our data during 1959-2000. The average shares are
0.38 for M1 and 0.20 for MZM.!! The values of the calibrated parameters that
depend on the level of monetary aggregation are reported in the notes to Tables 1
and 2.

We also calibrated the model under the assumption that all money is non-interest-
bearing, by restricting ¥ =0. Under this restriction, nj =1, d* =0, ¢*= (zT)l’“ —
8z}, and the steady-state relationship between money and consumption is as
follows:

m* = Ac*(p;)"". (10)

Steady-state consumption is invariant to the rate of inflation in the restricted model,
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TaBLE 1. Welfare cost of inflation, M1 level of aggregation

Inflation (%) Cost 1 Cost 2 Cost 3 Cost 4

(A) Regression estimate®

1 0.015 0.046 0.053 0.197
2 0.031 0.090 0.101 0.377
3 0.048 0.133 0.146 0.545
4 0.065 0.174 0.188 0.702
5 0.083 0.215 0.227 0.851
10 0.175 0.405 0.398 1.497
15 0.272 0.577 0.540 2.038
20 0.370 0.735 0.664 2.512
(B) LRD estimate®
1 0.008 0.019 0.020 0.074
2 0.016 0.038 0.039 0.146
3 0.024 0.056 0.058 0.215
4 0.033 0.074 0.076 0.282
5 0.042 0.092 0.093 0.348
10 0.089 0.179 0.175 0.659
15 0.139 0.261 0.251 0.949
20 0.192 0.341 0.323 1.225

“ Costs 1-4 represent welfare cost as a percentage of steady-state consumption for n =0.57.
Costs 1 and 2: ¢ =2.37, A =0.032, v =0.045, A = 15.46.

Cost 3: ¢ =0, A=0.019.

Cost 4: ¥ =0, A =0.069.

b Costs 14 represent welfare cost as a percentage of steady-state consumption for 7 = 0.25.
Costs 1 and 2: ¢y =2.37, A=0.049, v =0.045, L = 15.46.

Cost 3: ¢y =0, A =0.039.

Cost 4: ¢ =0, A=0.146.

in contrast to the model with interest-bearing deposits. The reason is that all money
is assumed to be currency, which is not produced using labor and capital. The
parameters «, ¢, §,and n are calibrated as described previously. We set A using
the expenditure share of either currency or the simple-sum monetary aggregates
as described below.

3.3. Model with Interest-Bearing Deposits

We calculated welfare costs numerically for zero to 20% inflation, using zero as the
benchmark.'> We report various welfare cost estimates for inflation rates between
1% and 5%, 10%, 15%, and 20% in Tables 1 and 2. The estimates for the M1
level of aggregation are in Table 1A (regression estimate of 1) and Table 1B (LRD
estimate of n). The corresponding estimates for the MZM level of aggregation are
presented in Tables 2A and 2B.

Changing the rate of inflation has two effects in our model. Higher inflation
causes the steady-state price of money, py, to increase. The money demand function
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TABLE 2. Welfare cost of inflation, MZM level of aggregation

Inflation (%) Cost 1 Cost 2 Cost 3 Cost 4

(A) Regression estimate”

1 0.015 0.047 0.055 0.495
2 0.030 0.093 0.106 0.950
3 0.045 0.138 0.152 1.374
4 0.060 0.181 0.195 1.772
5 0.075 0.224 0.236 2.148
10 0.154 0.424 0.412 3.793
15 0.236 0.609 0.557 5.180
20 0.318 0.782 0.683 6.404
(B) LRD estimate®
1 0.010 0.012 0.011 0.102
2 0.019 0.023 0.022 0.202
3 0.028 0.034 0.033 0.301
4 0.037 0.045 0.044 0.399
5 0.046 0.056 0.055 0.496
10 0.091 0.109 0.106 0.971
15 0.134 0.159 0.154 1.438
20 0.177 0.208 0.201 1.902

“ Costs 1-4 represent welfare cost as a percentage of steady-state consumption for n =0.59.
Costs 1 and 2: ¢y =6.36, A=0.043,v=0.12, . =17.71.

Cost 3: ¢ =0, A=0.018.

Cost4: ¢ =0, A=0.158.

b Costs 1-4 represent welfare cost as a percentage of steady-state consumption for 7 = 0.15.
Costs 1 and 2: ¢y =6.36, A=0.054,v=0.12, . =17.71.

Cost 3: ¢y =0, A =0.050.

Cost4: ¢ =0, A=0.444.

implies that g*/c* decreases in response, causing utility to decline holding c*
constant. The higher the value of 7, the more g*/c* decreases in response to
higher inflation.

Steady-state consumption, c*, is also affected by inflation. Using our functional
forms, the sign of dc*/do is the same as the sign of n — v, where v is the elasticity
of substitution between currency and deposits. If v is zero, then an increase in o
causes both m* and d* to decrease. Labor is reallocated from the financial sector to
the goods-producing sector, implying that consumption increases in steady state.
The negative effect of o on d* diminishes as the elasticity of substitution increases.
If v > n, then the effects on ¢* and d* are reversed.

Ineachtable, Cost 1 is the welfare cost of inflation as a percentage of steady-state
consumption, A (o, o %) multiplied by 100. This welfare cost measure accounts for
the effects of inflation on both ¢* and g*/c*. The estimates do not differ much
across level of aggregation. If we estimate the price elasticity of money demand
by LRD, then the welfare cost of increasing steady-state inflation from 0% to 20%
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is equivalent to 0.192% of steady-state consumption for M1 and 0.177% for MZM.
The welfare cost estimates are approximately doubled in both cases if we estimate
the price elasticity of money demand by regression.

Lucas (2000) proves that the welfare cost of inflation is approximately equal to
the area under the inverse money demand function if steady-state consumption is
invariant to inflation. The argument in Lucas (2000) applied to our model produces
the welfare cost expression

o, o®) = %[p;(o)“" —pe@®)'7].
In each table, Cost 2 is u (o, o ) multiplied by 100. The difference between the two
welfare cost expressions is approximately the percentage change in steady-state
consumption from the benchmark

(o, %) = o, 0%) ~ [c*(0) = c*(@")]/c*(@”) > 0.

Cost 2 is higher than Cost 1 in our calibrations, which is due to the fact that v is
less than 1, implying that dc*/do > 0.

If we estimate the price elasticity of money demand by LRD, then Cost 2 for
20% inflation is 0.341% for M1 and 0.208% for MZM. In the case of MZM, the
elasticity of substitution, v, is close to n, implying that Cost 1 and Cost 2 are
very similar. The difference between Cost 1 and 2 is more substantial if the price
elasticity of money demand is estimated by regression. In this case, the welfare
cost estimates are similar for M1 and MZM, with the cost of 20% inflation being
0.735% for M1 and 0.782% for MZM. Cost 2 is higher for the regression-based
estimates than for the LRD-based estimates, because the demand functions for M1
and MZM are more price elastic when estimated by regression.

3.4. Restricted Model

Cost 3 and Cost 4 are welfare cost estimates for the restricted models, which contain
only non-interest-bearing money. In the restricted models, d* =0 implying that
g* =m" and p; = p,,. The steady-state expenditure share of money in the restricted
model can, therefore, be determined from (10) as follows:

o P8 et A"
£ prgtter prmtcr AT+

Cost 3 is calibrated by setting A so that s, equals the average expenditure share of
currency relative to total expenditure on currency and consumption, during 1959—
2000. The average share is 0.0067 for our data. Cost 4 is calibrated by setting
A so that the expenditure share equals 0.0245 for M1 and 0.0569 for MZM.
These are the average expenditure shares for the simple-sum aggregates, which
are computed under the assumption that all components of the aggregates are
non-interest-bearing.
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Cost 4 is similar to the welfare cost estimates for the United States presented
by Lucas (2000). The main difference is that Lucas calculated the expenditure
share of simple-sum M1 relative to GDP, whereas we calculate expenditure shares
relative to consumption.'? Costs 3 and 4 can both be directly compared to Cost 2
because steady-state consumption does not depend on the rate of inflation in the
restricted model. The welfare cost of inflation is, therefore, approximately equal
to the area under the inverse money demand function.'#

Cost 3 is very similar to Cost 2, corroborating similar findings for a shopping-
time model in Cysne (2003). The relationship between the two welfare cost es-
timates can be explained in terms of aggregation theory. Cost 3 treats the real
currency stock as a monetary quantity aggregate and it treats the user cost of cur-
rency as its dual price aggregate. If subutility is Leontief, g(m, d) = min{m, ud},
then ud = m at the optimum. Consequently, the quantity aggregate is m and the
dual price aggregate is ,05{‘ = pm + pa/ 1. Cost 2 differs from Cost 3 because the
elasticity of substitution between currency and deposits is assumed to be positive
and it is based on the dual price aggregate. Figure 1 displays graphs of Costs 1-3
in the four cases. In the figure, Cost 2 is a solid curve and Costs 1 and 3 are both
dashed. Cost 1 is the lowest of the three in all four cases.

Cost 4 is substantially higher than Costs 1-3. Cost 4 assumes that all monetary
assets are non-interest-bearing, whereas Costs 1 and 2 assume all deposits are
interest-bearing and Cost 3 eliminates deposits from the model. The welfare cost
of 20% inflation is 2.5% in Table 1A for Cost 4. The assumption that MZM is
entirely non-interest-bearing is not reasonable and results in very high estimates
in Table 2A. The ratio of Cost 4 to Cost 3 is approximately the average of the ratio
of the simple-sum aggregate to currency during our sample period. These results
corroborate similar findings in the literature. Cysne (2003) argues on theoretical
grounds that welfare cost estimates for M 1 (using an estimate comparable to Cost 4)
would overstate the true welfare cost of inflation by a factor of approximately three,
which is the monetary base multiplier for M1. Bali (2000) presents comparable
empirical estimates. The interpretation of our results is the same, but we do not
incorporate reserves in the model. Thus, currency and monetary base are equivalent
in our model. The ratio of Cost 4 to Cost 3 is much higher for MZM than for M1
because the average ratio of simple-sum MZM to currency is much higher.

4. INFLATION AND TRANSITION DYNAMICS

The steady-state capital stock is invariant to inflation in our model, but capital
accumulation can be affected by inflation on the transition path. Fischer (1979)
showed that increasing the rate of inflation in a Sidrauski model could lead to
an increase in the rate of capital accumulation along the transition path using a
particular utility function for consumption and non-interest-bearing money. Asako
(1983) showed that the opposite could occur for some values of the coefficient of
relative risk aversion using a different utility function. We consider the same issue
in a simplified version of our model.
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A: M1 Level, Regression Based Estimate
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C: MZM Level, Regression Based Estimate
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D: MZM Level, LRD Based Estimate

0.8

0.7 1

0.6 -

0.5

0.4

0.3

0.2 1

0.1 1

0.0

5 10 15 20
inf (%)

Ficure 1. Continued.

https://doi.org/10.1017/51365100504030135 Published online by Cambridge University Press

507


https://doi.org/10.1017/S1365100504030135

508 JONES ET AL.

We simplify the model by assuming that the subutility function is Leontief:
g(m,d) = min{m, ud}. Under this assumption, the monetary quantity aggregate
is g = m and the dual price aggregate is pé = pm + paq/ - The simplification allows
us to eliminate deposits, using the optimality condition d = m /. We assume that
the factor shares in the two sectors are equal. This along with wage equalization
implies that the two capital-labor ratios are the same along the transition path.
It also implies that the user cost of deposits is constant along the transition path
and equals 1/A. In all other respects, the model is the same as in Section 3. We
eliminate n, from the system using the production function for the financial sector
and linearize around the steady state to produce the following system:

i 0] -1 —()™! k — k*
¢ = ,Bck ﬂcc lgcm c—c* s
L LB —AGD oy LM
where
IBmk = ﬂA (p;)_n s
g =gt (ny + DA(py)' ™"
T -+ A
g _® (¢ +8) (¢ +as)
a—1[1+0Gw1A(pH )
b — (v =14+ HA@H*"
C oy =) = A(eptn T
and
s (v — L+ (py)?

T —y) + AT

The steady-state price of money is p; = ¢ + o + (uA)~1. The Jacobian has pos-
itive trace and negative determinant for all permissible parameter values, implying
saddlepath stability. Let A be the unique negative eigenvalue.

If 4 — oo and 1 =1, then (in the limit) the equations are equivalent to those
of Fischer (1979) under Cobb-Douglas production, which were derived from a
model containing only non-interest-bearing money. Fischer proved that in this
case dA/do <0 as long as y # 0 (if y =0, then dA/d0 =0), meaning that the
system converges to steady state more rapidly as the steady state rate of inflation
increases. Similarly, if y =0 in our model, then we obtain an explicit formula for
A that does not contain o.'?

We calculated the stable eigenvalue numerically to determine the quantitative
effects of inflation on the rate of convergence to steady state. We varied inflation

https://doi.org/10.1017/51365100504030135 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100504030135

WELFARE COSTS OF INFLATION 509

TaBLE 3. Stable eigenvalues

y Coefficient

Inflation (%) -9 —1 —0.1 0.1 0.9

(A) Model with interest-bearing money*

1 —0.025485  —0.077450 —0.111682  —0.125720  —0.398290
2 —0.025480 —0.077445 —0.111681 —0.125722  —0.398417
3 —0.025475  —-0.077440  —0.111680  —0.125723  —0.398547
4 —0.025472 —0.077435 —0.111679  —0.125725  —0.398679
5 —0.025468 —0.077431 —0.111678 —0.125726  —0.398813
6 —0.025466  —0.077427 —0.111677 —0.125727  —0.398949
7 —0.025463  —0.077424  —0.111676  —0.125728  —0.399085
8 —0.025461 —0.077421  —0.111675  —0.125729  —0.399222
9 —0.025459  —-0.077418  —0.111674  —0.125730  —0.399360
10 —0.025457  —0.077415  —0.111674  —0.125731  —0.399497
(B) Model with non-interest-bearing money equivalent to Fischer (1979)
1 —0.024723  —0.077132  —0.111642  —0.125761 —0.399989
2 —0.024801 —0.077148  —0.111643  —0.125761  —0.400469
3 —0.024865 —0.077162  —0.111643  —0.125762  —0.400929
4 —0.024918 —0.077174  —0.111643  —0.125762  —0.401372
5 —0.024963  —0.077185 —0.111644  —0.125763  —0.401799
6 —0.025002  —0.077194  —0.111644  —0.125763  —0.402209
7 —0.025035 —0.077203 —0.111644  —0.125763  —0.402605
8 —0.025064  —0.077211  —0.111644  —0.125764  —0.402987
9 —0.025090 —0.077218 —0.111645 —0.125764  —0.403356
10 —0.025113  —0.077225 —0.111645 —0.125764  —0.403713

“n=0.57,1=15.46, A=0.033, u =0.415.
b p=1.0,A=0.018.

from 1% to 10% and we let y take the following values: —9.0, —1.0, —0.1, 0.1,
and 0.9. We calibrated the model based on M1. We set n =0.57 and A = 15.46 to
match Table 1A. We set p so that the steady-state expenditure share of currency
within the monetary portfolio is 0.38. A is set so that the steady-state expenditure
share of the monetary aggregate is 0.0178. The results are presented in Table 3A.

We also calculated the stable eigenvalue for the version of the model corre-
sponding to Fischer (1979). The results for this model are presented in Table 3B.

The main determinant of the stable eigenvalue in both tables is . As y moves
from 0.9 to —9.0, the stable eigenvalue approaches zero from below. The results
in Table 3A indicate that steady-state inflation can affect the stable eigenvalue in
either direction, depending on the value of y, but the effect is quantitatively weak.
If y > 0, then higher inflation rates lead to higher absolute values of the stable
eigenvalue, |A|. If y <0, then the effect is reversed. For comparison with a similar
theoretical result, see Asako (1983).
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The results in Table 3B are consistent with Fischer’s theoretical result. Higher
inflation rates lead to higher absolute values of the stable eigenvalue, |A|, for all
y # 0. The effect on the stable eigenvalue is again weak, however.

We conclude that moderately high inflation rates do not seem to have quan-
titatively significant effects on the rate of convergence to steady state in either
model.

5. EMPIRICAL ANALYSIS

Taking into consideration the fact that interest-bearing deposits are used for transac-
tion purposes leads to lower estimates of the welfare cost of inflation in steady state
than would have been obtained, had we assumed that all deposits are
non-interest-bearing. In our model, the steady-state user cost of deposits is in-
variant to the rate of inflation. If the user cost of deposits is positively related to
inflation, then the welfare cost of inflation will be higher than we have estimated.
In this sense, our model provides a lower bound on the welfare cost, whereas a
model that assumes all deposits are non-interest-bearing provides an upper bound.

In this section, we provide cross-country empirical results on the relationship
between user costs of deposits and inflation. The framework of our theoretical
model may not be reasonable for analyzing countries that have relatively undevel-
oped financial sectors. In addition, recent empirical research points out that high
rates of inflation can negatively impact financial depth.'® Therefore, we consider
only OECD countries that experienced low to moderately high levels of inflation.

5.1. Data Description

We obtained data for the annual percentage change of CPI (inf), the annual rate
paid by commercial or similar banks on demand, time, and savings deposits (rdep),
and the annual rate charged by banks on loans to prime customers (rlend) from
the World Development Indicator database. We treat rlend as the benchmark rate
and approximate the real user cost of deposits in discrete time as uc = (rlend —
rdep)/(1 + rlend), following Barnett (1978). The data are annual and span the pe-
riod 1960-1999, with some missing observations. We eliminated Mexico, Poland,
Turkey, and Iceland because they experienced sustained high rates of inflation
during some parts of the sample period. We also eliminated the Czech Republic
and the Slovak Republic because few observations were available, leaving us with
an unbalanced panel of 24 countries for 1960—-1999.

5.2. Empirical Results

We regressed rlend, rdep, and uc against inf with country and time-fixed effects,
assuming i.i.d. residuals. The results are presented in Table 4A. In the table, 8 is the
estimated regression coefficient on inf. The regression of rdep and rlend against inf
indicate that 8 is positive and significant in both cases. The values of 8 also indicate
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TaBLE 4. Regression of dependent variable against inflation
(inf) including country and time-fixed effects

Dep. Var. Obs. R? B¢

(A) Full sample

rdep 631 0.82 0.6178
(0.0221)

rlend 597 0.84 0.5084
(0.0297)

uc 530 0.56 —0.0116
(0.0190)

(B) Subsample for inf <10%

rdep 502 0.80 0.5703
(0.0368)

rlend 473 0.81 0.7750
(0.0478)

uc 419 0.62 0.0691
(0.0361)

¢ Standard errors are in parentheses.

that neither rate is fully responsive to inflation. In the regressions of uc against inf,
we found that 8 was not significantly different from zero at the 10% level.

Figures 2 and 3 present scattergraphs of rlend and rdep, respectively, against
inflation with the fixed effects removed from the interest rates. Figure 2 suggests
that rlend might be more responsive to inf at lower inflation rates. To explore this
possibility, we deleted all observations for which inf > 10% and reran the regres-
sions. These results are presented in Table 4B. These regressions produced higher
estimates of B for the regression of rlend against inf, and the coefficient on rlend
is higher than the one on rdep. This suggests that inflation has a positive effect
on user costs, which is confirmed by the regression of uc against inf. The coeffi-
cient estimate for this regression, 8 =0.07, seems reasonable and is statistically
significant at the 10% level.

We conclude that neither lending nor deposit rates fully respond to changes in
inflation in our sample. Our findings suggest that there could be a small positive
effect of inflation on the user cost of deposits for some OECD countries.

6. FURTHER DIRECTIONS

In our model, deposits are interest bearing and the user cost of deposits is invariant
to inflation in steady state. This implies that welfare costs of inflation are low
and do not vary much across the level of monetary aggregation. The welfare cost
of inflation will be higher, however, if inflation has a positive effect on the user
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FiGure 2. Lending rate and inflation fixed effects removed.

cost of some types of deposits. We provided cross-country empirical evidence
suggesting that this might be the case for some countries with low to moderately
high inflation rates and the effect could potentially be stronger in high-inflation
countries, which we did not consider in our analysis. A positive effect could be
due to such factors as scale effects in financial production, regulation, and reserve
holding. The model presented in this paper could be extended to account for these
factors and to determine their impact on the estimated welfare cost of inflation. In
this section, we briefly highlight two potential directions for further research.
The first direction involves demand deposits. Lucas (2000) calculated the wel-
fare cost of inflation for the United States under the assumption that all checkable
deposits in M1 are non-interest-bearing. We account for the interest-bearing as-
sets in M1 and MZM, assuming that demand deposits earn implicit interest at
competitive rates. Our model could be extended to treat demand deposits as a
separate output of the financial sector. We could then evaluate the impact of al-
ternative assumptions about demand deposits on the estimated welfare costs of
inflation. The estimated welfare cost of inflation would be higher if demand de-
posits were not assumed to earn implicit interest, because the expenditure share of
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FiGure 3. Deposit rate and inflation fixed effects removed.

non-interest-bearing money would be greater than in our calibrations. Alterna-
tively, we could assume that demand deposits earn implicit interest, but that the
implicit return is not fully competitive. In this case, the user cost of demand de-
posits would be positively related to inflation, which would also lead to higher
estimated welfare costs.!”

A second direction involves reserve holding. If financial firms hold required
reserves, then the profit function for the financial sector is

(pa — xpm)h(na(s), ka(s)] — wa(s)na(s) — [r(s) + 81 ka(s),

where x is the required reserve rate.'® In our model, wages and user costs of capital
are equalized across sectors, which would imply that (p; — xp;;) will be invariant
to inflation and, therefore, dp;/do = x. This implies that the steady-state user cost
of deposits, o, is not invariant to inflation, but it is less responsive to inflation
than the user cost of currency. Thus, incorporating reserve requirements into the
model would lead to somewhat higher welfare costs of inflation, but they would
still be lower than in a model where all deposits are assumed to be non-interest-
bearing. We could also incorporate excess reserves into the model by treating them
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as a factor of production in the financial sector [see Barnett (1987)]. In this case,
a change in inflation would have more complex effects on financial firms and it
is difficult to predict, in general, how our conclusions about the welfare cost of
inflation might be altered.

7. CONCLUSION

We generalize a money-in-the-utility-function model to include both currency and
interest-bearing deposits that are produced by the financial sector. In the model,
the steady-state user cost of interest-bearing deposits is invariant to inflation. We
calibrate the model using Divisia indexes and calculate the welfare cost of inflation.
We also calculate the welfare cost of inflation in restricted models that contain only
non-interest-bearing money.

We produced a range of welfare cost estimates for the model with interest-
bearing deposits at both the M1 and MZM levels of monetary aggregation for the
United States. The highest estimate we obtained indicated that the welfare cost of
increasing inflation from zero to 20% is equivalent to less than 0.8% of steady-state
consumption. Lucas (2000) estimated the welfare cost of inflation for the United
States assuming that M 1 is entirely non-interest-bearing. We produced comparable
estimates and found that the welfare cost of increasing inflation from zero to 20%
is equivalent to 2.5% of steady-state consumption for the United States.

If our estimates are believed, then the welfare costs of inflation caused by its
effects on money demand are not very significant. Feldstein (1996; pp. 5-6) states,
“The interaction of inflation and tax rules also causes distortions in the mix of busi-
ness investment, in corporate finance, and in the structure of individual portfolios.
Higher inflation rates may also imply more volatile inflation.” If inflation imposes
substantially higher welfare costs on the economy, it is likely to be through one of
these alternative channels.

The welfare costs of inflation will be higher if either some deposits are non-
interest-bearing or the user costs of some deposits are positively related to inflation,
which could be the result of factors such as regulation, scale effects in financial
production, and bank reserve holding. We interpret our results as being low welfare
cost estimates produced under strong assumptions that can be compared and con-
trasted with higher welfare cost estimates produced under alternative assumptions.

NOTES

1. Lucas (2000) finds that the estimated welfare cost of inflation is approximately the area under
the inverse money demand function, which establishes the connection to the classic literature going
back to Bailey (1956). This connection is also present in the shopping-time approach developed by
Lucas (2000, Sect. 5). See Simonsen and Cysne (2001) for an upper bound on the difference between
the classic and the general equilibrium estimates.

2. Simonsen and Cysne (2001) extend a shopping-time-model to include both currency and interest-
bearing deposits. They derive upper and lower bounds for the welfare cost of inflation, assuming that
the bank spread on demand deposits is constant. Cysne (2003) extends these results to the case in which
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the spreads on different deposits are allowed to vary with inflation. Simonsen and Cysne (2001) do not
calibrate the model or provide estimates of the welfare costs of inflation. Marquis (1999) calibrates
a general equilibrium model of the Japanese economy and highlights the significance of financial
intermediation in lowering the welfare costs of inflation.

3. Barnett and Spindt (1982), Farr and Johnson (1985), and Thornton and Yue (1992) assumed that
household demand deposits were non-interest-bearing, but assumed that business-demand deposits
earned a fully competitive implicit interest derived by Klein (1974). Thornton and Yue (1992) indicate
that business-demand deposits were approximately two-thirds of the total in 1990. Anderson et al.
(1997) assume that all demand deposits earn an implicit return based on Startz (1979). It is responsive
to market rates, but is not fully competitive.

4. See King and Plosser (1984) and Barnett (1987) for interpretations.

5. See Barnett (1980, 1987), Barnett and Serletis (2000), or Anderson et al. (1997) for more
discussion of monetary aggregation theory.

6. The ratio of annual investment to capital stock produced by the model in Cooley and Prescott
(1995) is 0.076. We treat this value as the annual depreciation rate and convert it to continuous time.
The assumption that « = B implies that the depreciation rate does not affect the welfare cost estimates
presented in this section.

7. We add traveler’s checks to currency. Let (dy,. .., d,) be a vector of n interest-bearing mon-
etary assets and (p4y,. . ., od,) be the corresponding vector of user costs. The assumption that d is
an aggregate of these interest-bearing assets is equivalent to assuming the utility function has the
form V(c,m,d,,...,d,)=Ul{c, glm,d(dy,...,d,)]}, where d is a linearly homogeneous subutility
function.

8. In the estimation, we substitute v=1/(1 — b) and impose |p| < 0.99, b < 0.95, and ¢ > 0.
We also estimated the demand system using a generalized first-difference method that does not impose
stationarity, which produced similar estimates of the elasticity of substitution for both M1 and MZM.

9. We set the lag length of the regressions used to calculate the LRD by minimizing AIC for 1-12
quarterly lags.

10. The rate of inflation is calculated from a price index for the nondurable and service components
of PCE.

11. This is equivalent to choosing units for d and p;. The deposit aggregate used in the demand
system estimation is an index number, which can be scaled arbitrarily. The value of A is chosen so that
the scaling of deposits in the model is consistent with the data.

12. This assumes banks are able to offer interest-bearing deposits in a steady state with no inflation.

13. There are several other minor differences. Lucas assumes an interest rate of 3% under zero
inflation and he incorporates population and productivity growth into the model.

14. Thus, A(0, 08) and u(o, o8) are numerically very close for the restricted models. We report
(o, oB) in the tables.

15. If y =0, then A =¢/2 — 1/ p2 +4& /2, where &£ =[a(p + 8) (¢ +ad)]/(1 — ).

16. While we think this statement is reasonable for many countries, there are some exceptions. For
example, Brazil in the 1980’s managed to develop a very sophisticated indexation of its financial assets,
and inflation did not severely impact financial depth using conventional measures. More importantly,
the opportunity cost of interest-bearing deposits was an increasing function of the rate of inflation. This
is a case in which the results in our paper should be taken with caution.

17. The expenditure share on demand deposits in MZM has declined steadily over the past two
decades from a decade average of 0.20 in the 1980’s to an average of 0.12 in the 1990’s, using Federal
Reserve Bank of St. Louis data. This suggests that the issues raised by demand deposits are becoming
less important over time. See note 3 for additional references regarding demand deposits and monetary
aggregation.

18. See Hancock (1985, 1986), Barnett (1987), and Fixler and Zieschang (1999) for models that
incorporate multiple inputs, outputs, and reserves. The supply-side user cost, p[f = (pg — Xpm), differs
from the demand-side user cost, pg, by an inflation tax. See Barnett et al. (1986) for results regarding
this “price wedge.”
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