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Abstract

The welfare costs of inflation are analyzed in a life-cycle model. In the bench-
mark model, money is held to satisfy a cash-in-advance constraint. An inflation rate
over 200% per annum maximizes lifetime utility because it leads to better smoothing
of utility over the life-cycle, in essence because inflation taxes rich, old agents and
makes net transfers to poor, young ones. This version of the model suggests that high
inflation in developing countries may be part of an optimum policy. Introducing other
taxes into the model gives the government alternative sources of revenue and reduces
the optimal inflation rate to something close to the Friedman rule. Allowing some
goods to be purchased with costly credit also reduces the optimal (lifetime utility-
maximizing) inflation rate. However, if seigniorage revenue can be used to lower
these other taxes, high inflation is again optimal. Finally, the transitional dynamics
following a disinflation are traced out for the costly credit version of the model with
U.S. taxes. This policy leads to a Pareto superior allocation.

*The views expressed herein do not necessarily reflect those of the Federal Reserve Bank of Cleveland
or of the Federal Reserve System.



1 Introduction

Measured costs of inflation seem small compared to the costs of reducing inflation. Using
Bailey (1956) welfare triangle analysis, Fischer (1981) found that a 10 percent inflation
leads to a loss of between 0.5 percent and 0.8 percent of output. Measures from general
equilibrium models are similar; by way of example, Cooley and Hansen (1989) found that
a 10 percent inflation yields a cost of 0.4 percent of output. While these costs are “forever,’
the short-term costs of reducing inflation can be considerable. In the early 1980s, the U.S.
Federal Reserve reduced inflation from 14 percent to 4 percent, but at the cost of two
major recessions during which the unemployment rate rose from 6 percent to nearly 11
percent.

If the benefits of reduced inflation are small relative to the costs of achieving lower
inflation, why do economists and policymakers worry so much about inflation? One
answer is that there is something missing from the economic models used to assess the
costs of inflation, and that the costs of inflation are in fact much larger than these models
suggest. This paper explores whether adding a particular form of heterogeneity, age, is
important in measuring the costs of inflation. The model benchmark presented below
is essentially a life-cycle version of Cooley and Hansen (1989). Individuals hold money
to satisfy a cash-in-advance constraint on their purchases of consumption goods. As in
Cooley and Hansen, new money balances are injected via a lump sum transfer.

The key life-cycle features of the model are as follows. First, individuals live exactly
T periods; there is no random death as in Rios-Rull (1996). Second, individuals face a
hump-shaped human capital. This feature is included so as to match up with evidence on
real wages over the life-cycle. Third, individuals start life with no capital (real assets), and
must end their lives with non-negative capital holdings. Since there is no bequest motive,
individuals will, in fact, end life with no capital. Between birth and death, individual are
unconstrained with respect to their capital holdings, and so may go into debt if they wish.
Finally, individual start life with some real money balances. This feature is included so
that there is not a “trivial” reason for inflation to be welfare-improving: If individuals have
no initial real balances, then if there is no lump-sum transfer of money balances, the cash-
in-advance constraint implies that individuals would be unable to purchase consumption
in the first period of their lives. So that money is not simply created “out of thin air,” it is
assumed that agents end life with the same level of real balances with which they started.

The principal findings are as follows. In the benchmark model in which seignior-
age is the only source of government revenue, annual inflation rates around 210 percent
maximize steady state lifetime utility. A number of other welfare metrics are considered;
for the most part, they confirm that finding that high inflation is welfare-maximizing;
see Section 4 for details. Why this surprising result? Under the benchmark calibration,
the real interest rate is positive, and the Euler equation governing asset accumulation
then implies that individual consumption profiles rise with age. Owing to the cash-in-
advance constraint, real money balances also increase with age. Since new money enters
the economy via lump-sum transfers that are independent of age, the young receive more
in transfer than they pay out in inflation taxes. The reverse is true for the old. In effect,
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inflation leads to a transfer of resources from the old to the young —a sort of reverse social
security system. These transfers tend to flatten the utility-age profile in a way that agents
tind desirable, at least from a lifetime utility point of view. The results for the benchmark
model may be most applicable to developing countries that do not have access to sources
of government revenue apart from seigniorage.

In an alternative calibration, taxes on labor and capital income, as well as on consump-
tion purchases, are set at levels seen in the United States. In the model, the proceeds of
these “fiscal” taxes are lump-sum rebated to households. The first result of interest is
that, holding the other taxes fixed, the lifetime utility-maximizing inflation rate is essen-
tially the Friedman rule (that is, the negative of the real rate of interest). Alternatively,
suppose that as the inflation tax is varied, one of the other taxes is adjusted so that to-
tal government revenue is unchanged. Once more, fairly high inflation rates maximize
lifetime utility. Again, other welfare metrics give similar results.

Perhaps the cash-in-advance constraint is too rigid a payment technology. To investi-
gate this possibility, costly credit is introduced allowing for an endogenous determination
of “cash” and “credit” goods; see Prescott (1987); Schreft (1992); Ireland (1994). Specifi-
cally, households consume a continuum of goods and must choose which goods to pur-
chase with cash, and which with credit. The cost of using credit increases with “distance”
from the household’s “home” market. As in Dotsey and Ireland (1996), households will
use credit in those markets close to its home, and cash in all other markets. When there
are no other taxes, the optimal money growth (inflation) rate is around 5% per annum.
The only case in which high inflation maximizes lifetime utility is when U.S. tax rates are
in place and seigniorage revenue is used to reduce the labor income tax; in this case, the
optimizing inflation rate is in the neighborhood of 70% per year.

A final experiment considers the transition from one money growth rate to another. In
the costly credit version of the model with U.S. tax rates, reducing the money growth rate
to zero maximizes lifetime utility in steady state. As shown by XXX, a policy that gener-
ates a welfare gain across steady states may not generate a welfare gain after accounting
for the transition between these steady states. As shown in section 7, all generations are
made better off by switching to zero money growth.

There are two other notable papers that suggest the importance of heterogeneity in
assessing the costs of inflation: Imrohoroglu (1992) and Erosa and Ventura (2002). The
environment considered by Imrohoroglu is one in which individuals hold money bal-
ances as a buffer against uninsurable income shocks (spells of unemployment). She finds
that Bailey welfare triangles understate the costs of inflation by as much as a factor of 3.
Erosa and Ventura’s model has two types of agents, rich and poor. There is also a tech-
nology to allow for credit transactions, and individuals choose which range of goods to
purchase with credit, and which with cash. They calibrate their model to match observa-
tions for the United States which implies that the poor purchase a greater proportion of
their goods with cash, and so experience a greater burden of the inflation tax.

The remainder of the paper is organized as follows. The model is presented in Section
2, and calibrated in Section 3. Welfare results can be found in Section 4, and transition



dynamics are presented in Section 7. Section 8 concludes.

2 The Economic Environment

The model setup is more general than is necessary for the benchmark (cash-in-advance)
model in order to accommodate later extensions. To later allow for an endogenous cash-
credit good distinction, it is assumed that at each date t, a continuum of markets oper-
ate on the circumference of a circle; the length of the circumference is 2. Each location
along the circumference is occupied by a continuum of goods producing firms, financial
intermediaries, and households of each cohort. Enough symmetry is assumed that the
analysis can focus on a representative firm, a representative financial intermediary, and a
representative household of each cohort.

2.1 Households

At each date t is ‘born” a unit mass of identical individuals. Each individual will experi-
ence exactly T periods of ‘economic life.” The term economic life is used to refer to indi-
viduals who have entered the labor force and so participate in economic activity. Early
childhood development and education are not considered here. Altruism between par-
ents and their offspring is also suppressed. In order to analyze fairly realistic life-cycle
dynamics, the lifespan T will be long. In the calibration section, a period will be specified
as one quarter, and T will be set to 220, corresponding to 55 years of economic life.

Since individuals differ only as to their date of birth, individual-specific variables need
to specify an individual’s date of birth, and their current period of life. By way of example,
ni denotes the hours of work of an individual born at date t who is in their it" period of
life. In calendar time, these hours are supplied occurs at date t +1i.

In each period of life, an individual has a taste for variety with respect to consump-
tion goods. In particular, a household at location j’ cares about the range of goods,
[j/,mod(j’+ 1,2)]. In the presentation below, attention will be focused on the household
at location 0 which consumes goods on the interval j € [0,1], denoted {c!(j) 1-1:0. These
consumption goods are aggregated according to a Leontief technology,

| H (e
ct—jen[rg)fl}{ctm}. (1)
Use of this aggregator is common in the costly credit literature; see, for example, Prescott
(1987). An implication of equation (1) is that the household will choose to consume the
same quantity of all goods.
Preferences for a member of generation t (that is, someone born at t) are given by:
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The period utility function, U, is defined over consumption, C{, and leisure, 4, and is
assumed to possess standard properties. Future utility is discounted at the rate (3.
Households face a number of constraints. To start, the nominal budget constraint is

1 . P .
Pt+i(1+Tc)/0 C{(i)di+F’t+i[kt'+1—(1—5)kt']+/o 1 (1)Qui(i)dj+M =
(L=t + (L- TR ik + M+ + X5, i=0,...,T-1

The right-hand side gives sources of funds. The first term is after-tax labor income; the tax
rate on labor income is Tn. The variable h', denoting the ‘human capital’ of an individual
aged i, is included in the model so that the life-cycle profile of labor earnings resembles
that observed in the U.S. data. The human capital profile is exogenous and known to an
individual from birth. Atage i, an individual combines human capital with time supplied
to the market, ni, earning a pre-tax wage W;j on human capital-augmented hours. The
observed pre-tax wage for an individual aged i will be Wh'.

The second term on the right-hand side of equation (3) is after-tax capital income.
The household starts period t + i with real assets (or capital) K. It rents this capital for a
nominal rental payment of R which is taxed at the rate Ty.

The household also starts period t +i with money balances, M{. It receives two lump-
sum transfers from the government: a purely monetary transfer, X™;, and a ‘real’ transfer
which when expressed in nominal terms is X?;.

The left-hand side of equation (3) represents uses of funds. The price level att+iis R;.
The household purchases the range of consumption goods {ci(j) J-lzo,' these purchases are
taxed at the rate Tc. The household also expends funds on investing in capital, given by
the second term on the left-hand side. Here, 3 is the depreciation rate of capital. Negative
investment is permitted and corresponds to a change in ownership in capital goods.

The household can use either cash or credit to purchase its consumption goods. If
the household uses credit in market j, it incurs a lump-sum cost of Qii(j). The indica-
tor function 1} (j) equals 1 if the household chooses to purchase good | with credit, and
equals Oif it buys good j with cash. Consequently, the integral on the left-hand side of (3)
represents to total outlay on credit services. .

Finally, the household departs period t +i with nominal money balances M **.

The household faces the following cash-in-advance constraint:

(3)

1 . . .
A+ TR [ Hd(0)d < M+XY, =0, T-1 (4)

Recalling that I} (j) = 0 for goods purchased with cash, the term on the left-hand side of
the cash-in-advance constraint is the value of consumption purchased with money. These
purchases are constrained by the sum of beginning-of-period money balances and the
monetary lump-sum payment from the government, X;.
The time endowment of an individual is normalized to unity; thus, labor and leisure
must satisfy o
G+m<1l i=0,...T-1 (5)
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The only constraints that will be placed on capital holdings are that individuals start
life with no capital, and they must end life with non-negative capital:

KW=0, K >0 (6)

kit < 0 would mean that at age i a member of generation t went into debt.

The final two constrains are on money holdings. It is assumed that individuals start

life with real balances, M > 0, and must end life with the same level of money balances:
0 T

M m, M, > m. (7)

R-1 ReT-1
If m= 0, then the cash-in-advance constraint, (4), would imply that positive first period
of life consumption is feasible only if the transfer, XM, is strictly positive. This transfer
can be strictly positive only if money growth, and so inflation, is strictly positive. Absent
positive initial money balances there would be a trivial reason for positive inflation to
dominate the Friedman rule (deflate at the real interest rate) since this would be the only
way for individuals to enjoy positive first period consumption.

The initial real balances could be thought of as a transfer made from a parent to an
offspring, or as coming from earnings of a child prior to entering the labor force. The
constraint on end-of-life real balances is imposed to conserve on aggregate private money
balances (money balances are not being magically introduced through the endowment of
the just-born).

Most of the constraints faced by an individual will be satisfied owing to nonsatiation.
The cash-in-advance constraint will bind if inflation is sufficiently high to ensure that the
return on capital exceeds that on money (so that no one would hold money as a store of
value). It is assumed that this condition is, in fact, satisfied.

2.2 Financial Intermediaries

For the household to use credit in market j, it must purchase the right to use credit in that
market at the price Q¢(j). This cost might be thought of as that associated with verifying
the identity of the household in market j. An intermediary located in market j requires
Y(j) units of labor to identify the household. This labor input increases with distance:
Y(j) > 0. The nominal cost to the intermediary is Wy(j). Owing to competition among
the financial intermediaries in market j, in a competitive equilibrium each earns zero
profits; thus,

Qe(J) =Wy(])- (8)

2.3 Goods Producing Firms

Firms face a sequence of static problems. Each period, the typical firm rents capital, K,
and hires effective units of labor (that is, human capital-augmented labor), N?, to maxi-
mize real profits,

F(Ke, N z2) — reke — weNG, )
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where F is a standard constant-returns-to-scale production function and % is a shock to
technology. Since F is constant-returns-to-scale, in equilibrium firms will earn zero prof-
its. Consequently, there was no need to tackle the tricky issue of firm ownership when
specifying the households’ problems.

2.4 Government

Each period, the government levies a set of taxes and creates (or destroys) money balances
subject to its budget constraint. The monetary transfer is

m (e —1)M
X =T (10)

where | is the gross growth rate of money, M; is aggregate money balances, and T is the
number of generations alive att. Consequently, each generation receives its ‘share” of new
money balances.

The transfer from the fiscal authority is

R TcRG + TN + kR K;

- = (11)

where G denotes aggregate consumption, Nf is the total supply of labor (measured in
efficiency units), and K; is the aggregate capital stock; these variables are defined below
in subsection 2.6. Notice that the government runs a balanced budget each period; it does
not issue debt.

2.5 Analysis: Cash or Credit?

In choosing whether to use cash or credit to purchase a particular good, a household
balances two different costs. In general, for the household to use cash, it must have ac-
quired this money in the previous period which entails an opportunity cost: the house-
hold could, instead, have acquired more of the real asset which presumably pays a higher
rate of return than money. While using credit does not require ‘advanced planning,” it
does involve the direct cost Qt(j). Clearly, the household will choose to use cash when it
is relatively cheap to do so, else it will use credit.
Recall that the price of credit is given by equation (8), or in real terms,

a(J) =wy(j) (12)

where gt (j) = Qt(j)/R and w« =W /R. A straight cash-in-advance version of the model is
a special case in which y( ) is so high that using credit is prohibitively expensive. Suppose
that y(0) = 0 and limj_1Yy(j) = . That is to say, the labor input required to identify the
household in its Thome market’ is zero while it requires an infinite input at the farthest
market that the household shops in. Then both cash and credit will be used. Furthermore,



since Y(j) > 0, it follows that there is a cutoff, s, such that credit is used for goods j € [0,5]
while cash is used for goods j € (§,1]; see Dotsey and Ireland (1996). Consequently,
the choice of {It'(j)}Jl:O is simplified greatly. The simpler problem is presented in the
Appendix along with first-order conditions and a conversion to real magnitudes.

A feature of the fixed cost nature of credit services is that rich agents are more willing
to incur the cost of using credit; see Erosa and Ventura (2002). In the current environment,
it is the older agents who are rich, and it is they who should use credit more frequently.

2.6 Competitive Equilibrium

A competitive equilibrium for this economy is defined in the usual way:

(1) Each member of cohort t chooses contingency plans for consumption, hours of work,
capital and money holdings, so as to maximize lifetime utility taking as given the
process generating prices and the evolution of the aggregate state.

(2) Firms maximize period-by-period profits taking as given prices.
(3) The government satisfies its budget constraint.

(4) Markets clear:

T-1
K= 3 K W
lel o
I\lte: Z) hl I—i? (14)
T
Mi11 = Z; Mth:i17 15)
T-1 T-1 - i
Z; Cit+ Z) [k — (1-9)K_i] = F(Ki, N z) (10
i= . = ~- y

In the market clearing conditions that the summations are across individuals alive at
date t. By way of example, ¢;_; is the consumption at date t of a typical member of cohort
t—i; at time t, this individual is aged i.

3 Calibration

The length of a period is set to one quarter, and individuals live exactly 55 years; thus,
T =220



The period utility function is parameterized as

[

U(c,¢) = 1o

In the benchmark model, the coefficient of relative risk aversion, g, is set to unity and so
U(c,t) =Inc+wlnt.
The goods production function is

F(K,N9;2) = zK%(N9)1-2,

The parameters governing production are taken from Gomme and Rupert (2003). The
capital share parameter, Q, is set to 0.3 and corresponds to capital’s share of income from
the U.S. National Income and Product Accounts. The technology shock, z, follows a first-
order autoregressive process,

Inz =plnz_1+¢&, & ~ N(0,02).

Over the sample 1954-2001, Gomme and Rupert estimate p = 0.9499and ¢Z = 0.008463

The depreciation rate for capital, 9, is set to 0.02, implying an annual depreciation rate

of 8%, a value that corresponds closely to the average depreciation rate implicit in the

capital stock and depreciation data reported by the Bureau of Economic Analysis.
Money growth also follows a first-order autoregressive process,

=Wk 1+ (1—WA+E, & ~N(0,0%)

where [lis the long run money growth rate. The parameters governing the behavior of
money growth are estimated from U.S. data on per capita currency and M1 growth. These
parameter estimates are summarized in Table 2. By either measure — currency or M1 —
average money growth has been fairly low. The stochastic processes for the technology
shock and money growth are assumed to be uncorrelated.

The credit technology is

i 6
N=v[—] . 17
y(i) =y ( 1] ) (17)
The benchmark model is a straight cash-in-advance model without credit as in Cooley
and Hansen (1989). Setting y = o ensure that no credit is used (except, perhaps, for the
home market which is of measure zero). The implications of more general formulations
with credit use are explored in Section 6.

The human capital profiles are smoothed parameters based on the Panel Study on In-

come Dynamics and is taken from Gomme et al. (2004); see Figure 1.
There are two preference parameters that have yet to be assigned values: the discount

factor, 3, and the leisure weight, w. These parameters are set such that in steady state:
(1) the real interest rate is 7.77% per annum which is the average return on the S&P 500



over the period 1800 and 1990 as reported in Siegel (1992); and, (2) households work, on
average 3 of the time, a value consistent with time-use surveys.

The benchmark calibration is designed to correspond as closely as possible to Cooley
and Hansen (1989). As a consequence, all the taxes are set to zero.

Finally, m, initial and final money balances, are set to 0.1, which constrains first period
consumption (see the discussion of steady state below).

The values of the parameters for the benchmark calibration are summarized in Table
1.

3.1 Steady State

The age-profiles of consumption, human capital, real money balances, hours of work,
capital (real assets) and utility are graphed in Figure 1, along with the profiles corre-
sponding to a non-monetary version of the model (in which case all goods are effectively
credit goods). The non-monetary steady state is presented to verify that the introduction
of money into the life-cycle model does not severely alter the nature of the model’s steady
state.

The human capital profiles, taken from Gomme et al. (2004), indicate that real wages
rise fairly quickly, peak around age 55 (i = 140), then gradually decline. Hours of work
peak around age 35 (i = 60).

The consumption profile rises monotonically with age. It is, perhaps, easiest to under-
stand the shape of this profile in the non-monetary version of the model. In this case, one
of the Euler equations is

Ue(e, 1= 1) = BBy {Ue(@ ™ 1= ™)L+ ey = 8]}
Given logarithmic preferences, in steady equation this equation reads

o+l
= = B[l+r -9
The term in square brackets is the gross real interest rate which is fixed in the calibration
process (for the monetary steady state). In fact, The value of B is calibrated in order to
match that real interest rate target. It turns out that the product of the discount factor and
the gross real interest rate is larger than unity implying that individual will chose a path
for consumption that grows over their lifetimes.

Real money balances also rise with age owing to the cash-in-advance constraint.

Early in the life-cycle, households run up debt: their capital holdings are negative.
Between ages 25 years (i = 20) and 55 years (i = 160), they save, followed by a prolonged
period of dissaving. Since there is no bequest motive, individuals choose to end their
lived with no real assets.

The age-profile of utility initially falls, then rises throughout the remainder of life.

The fact that the monetary and non-monetary steady states are so close to each other
suggests that money is not distorting individual behavior too much. The observation is
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not too surprising in light of the modest money growth (and consequently inflation) rates.
Given that in the benchmark model money growth is calibrated to the growth rate of U.S.
currency per capita, net money growth is 5% per annum.

3.2 Business Cycle Moments

Another litmus test for the model is whether its predictions for business cycle moments
are similar to those reported in the literature. Table 3 reports business cycle moments for
the U.S. economy, the benchmark model, and the non-monetary model.

There are two important points. First, the model’s performance (whether benchmark
or non-monetary) is on par with that of standard real business cycle models (with a repre-
sentative, infinitely lived agent). This finding should not be too surprising since Rios-Rull
(1996) found that an annual version of the life-cycle model generated business cycle mo-
ments similar to that of the standard real business cycle model.

Second, adding money and money growth fluctuations has a fairly minor impact on
the model’s predictions for business cycle fluctuations. Cooley and Hansen (1989) made
a similar observation for a representative, infinitely lived agent model.

In summary, nothing in this section suggests that there is anything odd about the
benchmark model.

4 Welfare Costs of Inflation

4.1 Lifetime Utility in Steady State

One obvious criterion for evaluating money growth (or inflation) rates is steady state
lifetime utility. Since steady state decisions differ across money growth rates, index these
decision rules by | Steady state lifetime utility, condition on money growth |, can be
expressed as:

T-1 ) )
V(W = ; BUILC (W), £ (W], (18)

Figure 2 plots V(l) against a range of money growth rates. Remarkably, steady state
lifetime utility is maximized at a money growth (inflation) rate of 210%per annum. By
way of contrast, in models with an infinitely-lived representative agent, like Cooley and
Hansen (1989), steady state utility is maximized by setting 4= [3 which implies a negative
(net) money growth rate. Such a money growth rate results in a zero nominal interest
rate, a result known as the ‘Friedman rule.”

That the utility-maximizing money growth rate is so high is even more surprising
given the similarity in the life-cycle profiles of consumption and leisure (hours of work)
across the benchmark and non-monetary models’ steady states presented in Figure 1.
That is to say, money growth is not introducing a substantial distortion into the steady
state of the model.
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Some insight into why the lifetime utility-maximizing inflation rate is so high can
be garnered from Figure 3 which presents life-cycle profiles for the benchmark money
growth rate (4%) and the optimal money growth rate (210%9. Notice that the higher
money growth (inflation) rate twists the utility profile, making it flatter.

Why should higher inflation lead to improved utility-smoothing over the life-cycle?
Recall that consumption (and, via the cash-in-advance constraint, real money balances)
grows over the life-cycle. Consequently, older agents pay a higher inflation tax than
young agents — but the proceeds of the inflation tax are rebated independent of age. Fig-
ure 3(d) shows that for the optimal inflation rate, net taxes paid — that is, the inflation tax
paid less the lump-sum transfer — are big and positive for old households while young
households receive transfers on net. In other words, inflation is a means of transferring
resources from old, rich households to young, poor ones.

Of course, there is a cost to inflation. As is standard in cash-in-advance models, infla-
tion introduces a distortion into the labor supply decision since cash earned in the current
period cannot be spent until the subsequent period when inflation has eroded its purchas-
ing power. Presumably, tax-transfer schemes that avoid this deleterious effect of inflation
would deliver even higher lifetime utility.

One might think that households should be able to achieve, on their own, any utility-
smoothing that they desire since they are free to go into debt. No doubt, introducing
period-by-period non-negativity constraints on capital holdings would worsen the ability
of individuals to smooth their utility over their lifetimes, thus perhaps increasing the
potential benefits of inflation in this environment. However, when individuals go into
debt, they eventually must repay this debt. The government, on the other hand, can in
effect ‘borrow” on behalf of the young at essentially a zero real interest rate. That is to say,
the government faces a different feasibility constraint than that implied by the sequence
of budget constraints confronting households.

4.2 Welfare Metrics

The next task is to obtain a ‘unit free” measure of how agents care about alternative infla-
tion (money growth) rates. A common approach in the literature is to find an ‘equivalent
variation payment’ — that is, how much consumption must be given to agents to make
them indifferent between two alternative money growth rates. When there is a represen-
tative agent, this calculation is relatively straightforward; see, for example, Cooley and
Hansen (1989). This calculation is more complicated in the current environment owing to
heterogeneity over the life-cycle. Consequently, a number of alternative measures of the
welfare costs of inflation are explored.

Welfare costs will be expressed relative to a zero inflation rate. Let V (Hp) denote the
lifetime utility associated with a zero money growth rate. For the first two welfare met-
rics, find the age-independent addition to consumption, Ac(H), that makes households
indifferent (in a lifetime utility sense) between o and some alternative money growth
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rate. That is, find the value of Ac(p) that satisfies

Z) BUIC (W) +Ac(w), £ (W)] =V (Lo). (19)

To render this measure of the welfare cost unit-free, express the total transfer relative to
either total consumption or total output:

TAc()

wl = x 100% 20
cly M 2
TAc(p)

W2 = x 100% 21
Y(W @)

A closely related way to measure the costs of inflation is to find the (again, age-
independent) fraction of consumption, A°(l), that must be given to agents to make them
as well off as under money growth Lo:

T-1 . .
; BU(L+A(W)c (W), £ (W] =V (o), 22)
W3 = A°() x 100% (23)

Alternatively, the welfare cost can be expressed as the constant fraction of income needed
to give lifetime utility V (Ho):

Z}BU W)+ (WY (W), £ (W] =V (ko) (24)
— M(W) x 100% (25)

where
Y () = (1— TW(H (1) + [1— 8+ (1 - tor(IK W -M W+ R, (26)

The remaining measures of the costs of inflation make the equivalent variation pay-
ments age-specific. In this case, for each age i, find Ac' (M) such that

U[c (W) +Ac (W), £ (W)] = U[C (1o), ¢ (Ho)]. (27)

One pair of welfare metrics is obtained by simply adding up all of the individual equiva-
lent variation payments and dividing by either aggregate consumption or aggregate out-
put:

5__
V=

x 100% (28)
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Suppose that some money growth rate generates a welfare benefit. Thus far, all of
the welfare measures presented have the property that, at a point in time, a benevolent
government could, in principle, implement a set of lump-sum taxes and transfers (cor-
responding to the equivalent variation payments) that would lead to a Pareto superior
allocation.

Two final welfare metrics discount the equivalent variation payments in equation (27):

_ SioBAc(

wbo x 100% (29)

w/’ cw x 100% (30)
T-1pipd
w8 = %SC(“) x 100% (31)

Measure W8 is essentially the same as that of Summers (1981) who used the percentage
change in lifetime income to measure the welfare costs of income taxation.

Table 8 and Figure 4 summarize the welfare calculations. The welfare-maximizing
money growth rate associated with welfare metrics, W-W#, conform quite closely with
the money growth rate that maximizes life-time utility. The largest welfare benefit (i.e.,
negative welfare cost) occurs around 220% and 230% annual money growth rates. The
welfare benefits are quite sizeable: 3.45% of income according to W? and 3.8% according
to W*. However, the maximum welfare benefit associated with welfare metric W® is quite
small (less than 0.1% of income) and occurs at —3% annual money growth. This result
seems odd in the sense that W® computes age-specific lump-sum payments while W?
computes an age-independent lump-sum payment. Finally, W8 — which discounts the age-
specific lump-sum payments computed for W® — is maximized at 140% money growth,
and yields a welfare benefit just under 0.5% of income.

5 Introducing Other Taxes

The analysis in subsection 4.1 suggests that the utility smoothing afforded by the com-
bination of a high inflation tax and large lump-sum transfers is at the heart of the high
life-time utility-maximizing money growth rates. If that is the case, then arming the gov-
ernment with alternative sources of revenue — consumption, labor income and capital
income taxes — should lessen its reliance on the inflation tax, and so reduce the optimal
money growth rate. This is the exercise considered in this section.

The tax rates are taken from Mendoza et al. (1994), and correspond to average effective
tax rates for the U.S. The specific values used are: t¢c = 5.8%, Th = 24.8% and 1 = 42.9%,
corresponding to the consumption tax, labor income tax and capital income tax, respec-
tively.

Life-time utility is plotted against money growth in Figure 5(a) while the welfare met-
rics W2, W4, W8 and W8 are plotted in 5(b). Now, very moderate deflation maximizes
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life-time utility; all of the welfare metrics lead to the same conclusion. These results con-
firm the conjecture that it is the lump-sum transfers that are driving the high optimal
money growth rates found in section 4.

As shown in Table 8, the welfare benefit of —3% inflation is between 0.1% and 0.2% of
income, depending on the welfare metric. The costs of moderate inflations are similar to
those found by Cooley and Hansen (1989). For example, relative to a zero inflation rate, a
10% inflation rate generates a welfare cost between 0.3% and 0.5% of income, depending
on the welfare metric.!

5.1 Revenue Neutral Experiments

Now, suppose that the government uses seigniorage revenue to lower one of the other
taxes, subject to raising the same revenue as under zero inflation. Specifically, as money
growth, |, is varied, adjust one of T¢, T, and Tk to satisfy

(M= DM (W) +TC (W) +TaW (N(W) + TR(WK () = Tc(0)C(0) +Tn ()W (0)N®(0) + Tk (O)R(0)K (0).
(32)

The results of these experiments are summarized in Table 6. Replacing the U.S. con-
sumption tax of 5.8% with a consumption subsidy of 0.4%, financed by 30%annual money
growth, results in either a modest welfare gain (around 0.2% of income according to wel-
fare metrics W2 and W#) or a welfare loss (0.1%of output according to metrics W6 and W8.
As with the benchmark cash-in-advance model with no other taxes, the optimal policy
depends on the welfare criterion applied. In this case, welfare metrics W® and W8 suggest
that the optimal inflation rate is slightly positive (1 —2%), yielding a negligible welfare
benefit.

Next, lowering the tax rate on labor income from 24.8% to a subsidy rate of 9.3% (as-
sociated with a 200%inflation rate) is associated with a substantial welfare gain: between
2.3%and 3.1% of income. Welfare metrics W2 and W* are also maximized at 200%money
growth while metrics W® and W8 are maximized at an annual money growth rate of 160%

Finally, life-time utility is maximized by replacing the capital income tax of 42.9% with
a subsidy of 4.5% and a money growth rate of 40%per annum. As with the labor income
replacement experiment, the welfare gains of this policy are sizeable: between 5.5% and
7.4% of income. For the most part, the welfare welfare metrics indicate that the welfare
benefit is maximized at an inflation rate near 40%

To summarize the results from this section, holding the tax rates on consumption,
labor income and capital income at their U.S. values, the optimal inflation rate is approx-
imately the Friedman rule (deflate at the negative of the real interest rate). However, al-
lowing the proceeds of the inflation tax to replace one of these other taxes again generates
high optimal inflation rates — as high as 200% in the case in which seigniorage revenue is
used to replace the labor income tax rate.

1Cooley and Hansen (1989) report welfare costs relative to an optimal inflation rate (the Friedman rule)
whereas the results above are expressed relative to a zero inflation rate.
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6 Credit

Perhaps the high optimal inflation rates obtained above are due to the very rigid pay-
ments technology associated with the cash-in-advance constraint. When credit is not
available (as in the benchmark economy), the cash-in-advance constraint implies that the
burden of the inflation tax is borne by those who consume the most. In the benchmark
model, that burden falls on older agents; see subsection 3.1. Borrowing on an idea in
Erosa and Ventura (2002) who use a similar credit technology, rich agents (in the bench-
mark economy, older agents), are better able to afford to use the credit technology. Con-
sequently, old, rich agents should be able to afford to make greater use of the credit tech-
nology, reducing the role of the inflation tax in financing transfer payments.

The model is now calibrated to allow some goods to be purchased with credit. Specifi-
cally, the parameters in the credit technology equation (17) are now calibrated as in Dotsey
and Ireland (1996). They used two pieces of information to pin down the two parameters,
yand 6: evidence on the use of money for transactions in the U.S. from Avery et al. (1987),
and the long-run interest semi-elasticity of money demand. Suppose that ‘money” in the
model corresponds to currency in the U.S. economy. Then 30%of transactions in the U.S.
use money, and the interest semi-elasticity is 2.73. The first observation requires that, in
steady state, the average value of smust be 0.7 (70%of transactions are made with credit):

1 T-1

= i;} s =07

Using the second observation requires solving the model for two different money
growth rates (implying two different inflation rates, and so nominal interest rates). As
in Dotsey and Ireland (1996), inflation rates of 0% and 10%are used, and so

where V1o denotes the annual velocity of money under a 10% inflation, Ryg is the corre-
sponding nominal interest rate, and variables with O subscripts correspond to an inflation
rate of 0%. The nominal interest rate is computed from a Fisher equation,

R=(1+m(1+r—9)

where r is the real rental price of capital, and so r — d is the real interest rate.

6.1 Inflation Tax Only

To start, consider the environment in which there are no other taxes: 1. =0, T, = 0 and
Tk = 0. This version of the model corresponds to the benchmark (cash-in-advance) econ-
omy, except that individuals are now able to use credit for some of their purchases. Recall
that in the benchmark model, the optimal inflation rate was very high: 210% maximized
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lifetime utility; see Table 8. Results for the costly credit version of the model are summa-
rized in Table 7. As with the benchmark model, the optimal inflation rate depends on the
welfare criterion used. Allowing for the use of credit, an inflation rate of 5% maximizes
lifetime utility — much smaller than in the benchmark economy.

Figure 6(a) illustrates that net transfers are greatly diminished when credit use is per-
mitted. For comparison with the benchmark model, net transfers are computed for a
money growth rate of 210% — the rate that maximizes lifetime utility in the straight cash-
in-advance model. Under the straight cash-in-advance, such a money growth rate al-
lowed the government to raise considerable revenue from old agents, and make large
transfers to the young. By way of comparison, in the costly credit version of the model,
these taxes and transfers are extremely modest. This result lends further credibility to the
notion that in the benchmark model of section 4, it is the large taxes and transfers that
leads to the very high optimal inflation rates.

Introducing other taxes to the costly credit version of the model leads to uniformly
lower optimal inflation rates. In this case, it is difficult to solve for steady state when
money growth is negative, and the optimal inflation rate (by any metric) is zero. Since
welfare costs (or benefits) are measured relative to a zero inflation rate, the welfare costs
of the (constrained) optimal inflation rate are also zero.

Next, the revenue neutral experiments of subsection 5.1 are repeated for the costly
credit version of the model. As above, as the money growth rate is varied, so too does
the amount of seigniorage revenue raised. This seigniorage revenue is used to reduce one
other tax. The results of these experiments are summarized in Table 8.2 When seigniorage
revenue is used to reduce the consumption tax, the optimal inflation rate is quite mod-
est: No more than 2% per annum. This policy reduces the consumption tax rate by 0.2
percentage points, and generates a very modest welfare gain (less than 0.01% of income).
However, when the proceeds of the inflation tax are used to lower the labor income tax
rate, rather more substantial inflation rates, between 60% and 70%, maximize welfare.
The labor income tax rate falls by over 4 percentage points, and this policy results in a
welfare gain of between 0.3% and 0.4% of income, depending on the welfare metric used.
While these welfare gains are smaller than seen in the straight cash-in-advance model,
they are sizeable when compared to welfare gains typically seen in the literature.

7 'Transition Dynamics

As shown by XXX, comparing welfare across steady states can be misleading. In that
paper, adding a constraint (which cannot possibly make agents better off) raises steady
state welfare. However, along the transition path, welfare is unambiguously lowered.
Consequently, it is not obvious that the welfare gains identified above (computed across

ZResults for reducing the capital income tax are not included in Table 8 because the economy appears to
be on the “wrong” side of the Laffer curve. Consequently, as inflation rises, the capital income tax actually
has to rise as well to maintain a fixed level of government revenue.
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steady states) would hold up if the transition path from one steady state to another is
considered.

The particular example analyzed in this section is the costly credit version of the model
with U.S. taxes. The policy switch is from five percent money growth (the U.S. historical
average for currency per capita) to zero percent. In steady state, the welfare benefit of
this change in policy is around 0.1% of income (using welfare metric W® which computes
age-specific lump-sum payments). The policy change is unanticipated and implemented
at time zero. The transition path is computed by using decision rules that have been
linearized around the zero money growth steady state, but with initial conditions given
by the five percent money growth steady state.

The welfare cost of this policy change is computed in a similar fashion as to how the
welfare metric W® is computed. The difference is that along the transition path, the age-
specific lump-sum payments are computed for each date of the transition. If there is, in
fact, a welfare benefit at each date, then it would be possible, in principle, to actually
implement the set of taxes and transfers that would lead to a Pareto superior allocation.

The transition path for key macroeconomic variables are summarized in Figures 7(a)
and 7(c). Relative to the initial steady state, output, consumption and hours all rise on
impact, and stay above their previous steady state values. This result is common in mod-
els of inflation: A permanent reduction in inflation lowers the inflation tax which, in a
model with a cash-in-advance constraint, operates like a tax on wage income. In the fact
of a higher effective real wage rate, individuals are willing to work more. The transition
to the new steady state is rapid: Most of the action occurs within 10 quarters.

Figure 7(b) gives the welfare benefit of following this disinflation policy. The welfare
benefit rises sharply on impact, falls somewhat, then asymptotically approaches its long
run value — with a longer transition than for the macroaggregates. Notice, in particular,
that the welfare benefit is uniformly positive.

Finally, Figure 7(d) plots the lifetime utility of those generations living through the
transition. Unlike the other figures in Figure 7, the horizontal axis in Figure 7(d) gives the
cohort, not time. For example, the observation at —200is the lifetime utility of the cohort
born at date —200 It lives from t = —200throught = 19. This cohort experiences 200quar-
ters of life under the five percent money growth regime, and 20 quarters of zero percent
money growth. Relative to lifetime utility in the five percent money growth steady state,
every generation living through the transition is made better off. It is, perhaps, interest-
ing to note that those who are very young when the policy is implemented have higher
lifetime utility than those born a few quarters after policy implementation. Those who
are young at date O have received the benefit of the net transfer payments associated with
positive money growth, but then: (a) do not have to make the net payments when they
are old, and (b) do not have their labor supply decisions distorted as much by inflation.?
If monetary policy were subject to a popular vote, the move to zero inflation would be
accepted unanimously.

3The intuition underlying the Friedman rule suggests that, a negative inflation rate would distort indi-
vidual decisions even less than zero inflation.
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8 Conclusion

Life-cycle heterogeneity has been shown to lead to some interesting results. In the bench-
mark cash-in-advance model with no other taxes, high inflation is optimal (maximizes
lifetime utility) because it allows the government to tax old, rich households and make
(net) transfers to young, poor households. In the benchmark model, these taxes and
transfers lead to better utility smoothing over the life-cycle. Adding consumption, labor
income and capital income taxes gives the government alternative sources of revenue;
in this case, the optimal inflation rate is essentially the Friedman rule. The benchmark
model may, then, be suitable for understanding why developing countries often have
very high inflation rates: Since markets in developing countries are not very well de-
veloped, it is difficult for governments in such countries to levy the full range of taxes
found in developed countries. The benchmark model suggests that high inflation may be
optimal in developing countries. Koreshkova (2001) provides an alternative explanation
of why high inflation may be optimal in developing countries based on the size of their
underground economies.

Adding costly credit to the model, thus allowing for an endogenous determination of
cash-vs-credit goods, lowers the optimal inflation rate. In this version of the model, two
effects are at work. First, as in Erosa and Ventura (2002), rich agents can better afford to
use the credit technology and so can avoid the burden of the inflation tax. Second, as the
inflation rises, all agents make greater use of credit. The combination of these two effects
causes the inflation tax base (real money balances) to fall rapidly with inflation. Relative
to the straight cash-in-advance model, at a given inflation rate the government can no
longer raise as much revenue. Net taxes and transfers are much smaller in this case.

A set of revenue neutral experiments were run in which seigniorage revenue was used
to lower one tax at a time. In the straight cash-in-advance model, an inflation rate as high
as 200% maximizes lifetime utility if the proceeds are used to lower the labor income
tax rate from 24.8% to —9.3%; this policy results in a welfare gain of between 2 and 3
percent of income, depending on the welfare metric used. The largest measured welfare
gains are associated with lowering the capital income tax rate. In this case, an inflation
rate of 40% maximizes lifetime utility, and results in a welfare gain between 5.5% and
7.5% of income. In the costly credit version of the model, the biggest gain is associated
with lowering the labor income tax rate from 24.8% to just over 20%; the lifetime utility-
maximizing money growth rate is around 70%. While the welfare gains are more modest
in this case — 0.3-0.4% of income — they are still large when compared to typical welfare
benefits of alternative government policies.

Elsewhere, it has been shown that comparing steady state utility may be a misleading
measure of the desirability of alternative policies. It is not obvious that along the transi-
tion path that agents are made better off by a change in policy, and there may be distribu-
tional effects to consider. To evaluate this possibility, the transition path was computed
for the costly credit version of the model with U.S. tax rates in place. The policy change is
to lower money growth once-and-for-all from 5% per annum to 0%. In steady state, this
policy generates a welfare benefit of 0.1% of income. Two results stand out. First, along
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the transition path, the welfare benefit measured at each date is strictly positive. Second,
the lifetime utility of all generations experiencing the change in policy is higher than it
would have been if money growth had remained at 5%. This change in policy leads to a
Pareto superior outcome.
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Technical Appendix

A.1 Benchmark Model
A.1.1 Household’s Problem

The household’s Bellman equation is:
VL) = U 2 B
+ Ay {(1—Tn>V\4+ihin{ +[(1=8)Ri + (1 - TRl b + My X+ X
| ' g ' (A1)
~Ra(Ltd - Rk [T Qi - M

Ny (MM, — R (1+16) (1 — )] }

The choice variables are: c, n{,_s{, K+l and M{*1. Recall that credit is used for consumption
purchases on markets j € [0,5] while cash is used for the remainder, j € (§,1]. Keep in
mind the are boundary conditions, (6) and (7). The relevant first-order conditions are:

Uc(ct, 1= 1) = Rei(1+Te) [Ay +Ax(1-9)], 1=0,...T-1 (A2)
Ug(c 1) = Ay(1-ToWyihl, =0, T—1 (A3)
/\I].tQtJri(i) = Al2tpt+i(1+-[c)clt, i = 07 ce ,T -1 (A4)
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BE AT (1= 8)Rir1+ (1-TRyisa] = ARy, 1=0,...,T-2 (A.5)
BEwi (NF1+ALGY =AY, i=0,...,T-2 (A.6)

These equations, along with the budget constraint, (3), and cash-in-advance constraint,
(4), and the boundary conditions characterize the solution to the household’s problem,
including the multipliers, A}, and AY,.

A1.2 Goods Producing Firms

The problem faced by a typical goods producer is given in the text in equation (9). The
associated first-order conditions are:

PFa(Ke, N
RFo(Ke, N8

)
)

Re (A.7)
W (A.8)

4
4

A.1.3 Financial Intermediaries

The equations of interest here are the price of using credit, equation (8), and the total labor
used in this sector,

N{’:T;: [ viei (A9)

A.1.4 Government

In addition to the expressions for lump-sum transfers, (10) and (11), the stock of money
evolves according to

MH—l = L&Mt. (AlO)
A.1l5 Aggregates

Total capital, effective labor, money and consumption are given, respectively, by:

T-1

K= 3 Ko (A11)
Tl:l o

NE = % hni_, (A.12)
T

Mia= 3 M (A13)

=
G=3 a (A.14)
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A.1.6 Conversion to Real Magnitudes
Normalize by the aggregate price level:

\MH Rt+| M '\-AH R F—QH
r L= T L= T =
Wi =g TSR XHEp 0 MHEp G+i(])
) MH—l ) /\I /\i PI .
+1 i iy )\I _ = —+I —
ml[ Pt+| , It = I:’H—i, Pt+| T = I3t+i—17 e

Notice that money balances are normalized by the “previous period” price level; this is
done so that the household’s budget constraint does not involve next period’s price level

which is not known at the time household decisions are made.
The equations governing the solution of this economy are:

o s .
(A+10d +k 2+ [Cai(i)dj+mi
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T1
C = Z} Cii (A.30)
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xR = G +TnWEI_|\|te+Tkrt Kt (A.32)
o (J) =wey(]) (A.33)

T-1 §H
LD ARG (A34)
N® = N7+ N° (A.35)

A.2 Non-monetary Model
A.2.1 Household’s Problem

The household’s Bellman equation is:

V(K:i) = max{U(c{, 1—n) +BE V(KL i+1)

(A.36)

+ A [(1 = Tt)Wesih'ng + (1 T)rei +1 -8k — (ot + k)] }

Euler equations and budget constraint:

Ak = (L-twihin + [1-tre+1-3K +x8, i=0,...,T-1  (A37)
Up(c,1—ni) =A(1—1y)wih', i=0,....T—1 (A.38)
Ui(cd,1—n)) =M\, i=0,...,T—-1 (A.39)
)\{ = BEt+i)\{+1[(l_Tk)rt+i+l+1_6]7 I :O7"'5T_2 (A40)
K=0 k=0 (A.41)

A.3 Computational Issues

Notice that the aggregate state vector includes the capital and money holdings of all co-
horts alive at a particular date. Individual decision rules depend on the entire state vector
(not merely a few selected moments) since the state vector is needed to form expectations
of future prices (which, in turn, depend on the future state vector). Fortunately, as pointed
out by Rios-Rull (1996), matters are greatly simplified if decision rules are linear. When
solving for decision rules when the stochastic elements of the model are in play, it is then
opportune to use a log linearization technique. See Klein (2000) for details on the partic-
ular technique employed in this paper.

23



Table 1: Benchmark Model Parameter Values

Preferences
B 0.9841 discount factor
W 1.6353 labor-leisure weight
o 1.0 coefficient of relative risk aversion
Technology
a 0.3 capital’s share of income
o 0.02  depreciation rate of capital
p 0.9499 technology shock, autoregressive parameter
O¢ 0.0085 standard deviation of innovation to technology shock
{hy Tt human capital profiles
Money Growth
Y 0.8327 autoregressive parameter
H 1.0416 long run annual money growth rate
Ou 0.0045 standard deviation of innovation to money growth
Other
T 220 number of periods of life
Calibration Targets
h 0.33  average hours worked
r 0.0192 real interest rate (quarterly)
Table 2: Estimates of the Money Growth Process
Currency M1
B 1.012362 1008852
U] 0.8327293 06448415
(0.0382036 (0.0581623
0% 0.00446666 (0088325
sample  1954Q1-2003Q2 1959Q2-2003Q2
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Table 6: Revenue Neutral Experiments, Cash-in-advance, U.S. Taxes

.=-04% T1,=-93 T1,=-45%

s 30% 200% 40%
—W?2 0.1884 31495 58430
—w4 0.1842 25410 54890
—W6 —0.1058 23220 74326
—ws8 —0.1009 22961 71210

Notes: | is the money growth (inflation) rate that maximizes life-time utility. W2 through
W8 are metrics of the welfare costs of inflation and are defined in subsection 4.2. The
initial U.S. tax rates are: Tc = 5.8%, Ty = 24.8% and 1 = 42.9%.

Table 7: Welfare Results Summary, Costly Credit Model, Inflation Tax Only

Criterion Maximizing Inflation Rate (%) Welfare Gain (%)
Lifetime utility 5

W2 5 0.0276
w4 5 0.0371
W6 -3 0.0968
w8 3 0.0032

Notes: See subsection 4.2 for an explanation of the calculation of the welfare metrics W?
through W8. Welfare costs are computed relative to a zero inflation rate.
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Table 8: Welfare Results Summary, Costly Credit Model, Revenue Neutral

Criterion Maximizing Inflation Rate (%) Welfare Gain (%) Tax Rate (%)
Replace consumption tax Tc
Lifetime utility 2 562
W2 2 0.0095 562
w4 2 0.0092 562
W6 0 0.0000 580
w8 0 0.0000 580
Replace labor income tax Tn
Lifetime utility 70 2032
W2 70 03964 2032
w4 70 03733 2032
W6 60 02980 2070
we 60 02949 2070

Notes: At zero inflation, taxes are set to their values for the U.S. economy: 1¢c = 5.8%, Tn =
24.8% and T = 42.9%. Seigniorage revenue is used to replace one other tax as explained
in subsection 5.1. See subsection 4.2 for an explanation of the calculation of the welfare
metrics W2 through W8.
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