The Welfare Costs of M oder ate I nflations

Thomas F. Cooley; Gary D. Hansen

Journal of Money, Credit and Banking, Vol. 23, No. 3, Part 2: Price Stability. (Aug., 1991), pp.
483-503.

Stable URL:
http:/links.jstor.org/sici ?sici=0022-2879%28199108%2923%3A 3%3C483%3A TWCOM I %3E2.0.CO%3B2-T

Journal of Money, Credit and Banking is currently published by Ohio State University Press.

Y our use of the JSTOR archive indicates your acceptance of JISTOR's Terms and Conditions of Use, available at
http://www.jstor.org/about/terms.html. JSTOR's Terms and Conditions of Use provides, in part, that unless you have obtained
prior permission, you may not download an entire issue of ajournal or multiple copies of articles, and you may use content in
the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www.jstor.org/journal s/ohio.press.html.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.

JSTOR is an independent not-for-profit organization dedicated to and preserving a digital archive of scholarly journals. For
more information regarding JSTOR, please contact support@jstor.org.

http://www.jstor.org
Tue Dec 19 15:51:39 2006


http://links.jstor.org/sici?sici=0022-2879%28199108%2923%3A3%3C483%3ATWCOMI%3E2.0.CO%3B2-T
http://www.jstor.org/about/terms.html
http://www.jstor.org/journals/ohio.press.html

THOMAS F. COOLEY
GARY D. HANSEN

The Welfare Costs of Moderate Inflations

1. INTRODUCTION

IN THE RECENT PAST THE VIEW that a little bit of inflation
was good for the economy was widely held. The Phillips curve, in its earlier
incarnations, implied that moderate inflation was worth tolerating because it would
permit lower unemployment. This justification for tolerating inflation has long since
been abandoned by economists and policymakers because both theory and experi-
ence showed it to be false. Nevertheless, one legacy of this era seems to be a fairly
widespread tolerance for moderate inflation. Recently, there has been much discus-
sion of removing this inflationary bias by passing legislation that would require the
Federal Reserve to target zero inflation. In this paper we examine some of the
consequences of achieving that goal: we appraise the revenue and welfare costs of
policies designed to reduce moderate inflation rates to zero.

Much has been written about why government policies may have an inflationary
bias. In this paper we don’t address the issue of what motivates governments to
inflate. Implicit in our analysis, however, is the notion that one important motive for
inflation is the revenue-raising potential of the inflation tax. It would be difficult to
argue that the inflation tax constitutes an important revenue source for the United
States. One indirect and very imperfect measure of this would be contributions by
the Federal Reserve to the Treasury. In recent years those rebates have amounted to
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only about 2 to 2.5 percent of total revenues or 4.5 to 5 percent of revenues from
individual and corporate income taxes. Nevertheless, we demonstrate that in the
model economy considered in this paper, the revenue from the inflation tax can very
quickly became an important part of total revenues. The obvious additional advan-
tage of the inflation tax as a revenue source is that it does not have to be legislated.

In addition to the revenue consequences of the inflation tax we consider the
welfare costs—the pure distortions—caused by this levy. In a recent paper (Cooley
and Hansen 1989), we provided estimates of the welfare costs of inflation based on
simulations of a neoclassical monetary economy where money is held because of a
cash-in-advance constraint. Those estimates ignored several features of the econo-
my that are potentially important in assessing the welfare consequences of policies
designed to bring the inflation rate to zero. Most importantly, those estimates
ignored the potential interaction of the inflation tax with other distorting taxes.
Further, no attention was paid to the revenue consequences of inflationary policies.
In this paper we present the results of experiments designed to address these issues.
First, we examine how the presence of other distorting taxes affects the welfare
costs of inflation and the revenue that can be raised by the inflation tax. Next, we
consider the welfare and revenue consequences of policies designed to reduce the
inflation rate to zero. We analyze policies in which inflation is simply reduced to
zero and policies in which the revenue from the inflation tax must be replaced by
increasing the taxes on labor and capital income. Finally, we appraise the dynamic
consequences of reducing the inflation rate to zero but having that change be
temporary rather than permanent.

The vehicle for analysis in this paper is an equilibrium growth model with money.
Money is introduced via a cash-in-advance constraint of the sort considered by
Lucas and Stokey (1983, 1987). In this economy there are two kinds of consumption
goods, a “cash good” and a “credit good.” Individuals must purchase the cash good
with currency. Both capital and labor income are taxed and money held to purchase
the cash good is subject to the inflation tax. There is no uncertainty in this economy
and no government debt. Further, we do not address any of the optimal taxation
problems considered by Chamley (1986), Chari, Christiano, and Kehoe (1990), or
King (1990).

Some of the key findings of our analysis are as follows. Our results show that the
presence of other distorting taxes approximately doubles the estimated welfare cost
of the inflation tax and decreases the revenue potential of the tax. A policy that
reduces the inflation rate from 5 percent to zero in an economy with taxes on labor
and capital income has the effect of lowering the annuity value of revenue by about
2.4 percent and increases welfare by only 0.33 percent of GNP relative to the
original policy. When the revenues have to be replaced by other distorting taxes, the
welfare costs of the new policy are higher than the original policy with 5 percent
inflation. Moreover, this economy can only replace a limited amount of revenue by
increasing the tax on capital income. Finally, we show that policies that reduce the
inflation rate to zero only temporarily actually make the economy worse off because
of the intertemporal substitution that takes place.
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The paper proceeds as follows. In the next section we describe the key features of
the model economy and the equilibrium. Section 3 contains a discussion of the
computational methods used to solve the economy, to simulate transitions from one
policy to another and to estimate the welfare costs. In section 4 we discuss the
calibration of the model. Section 5 presents the results.

2. THE MODEL

The model economy to be studied consists of a continuum of identical infinitely
lived households that consume and invest output produced by a single firm with
access to a constant returns to scale technology. There is no uncertainty; agents are
assumed to have perfect foresight. The households supply labor and accumulate
productive capital that they rent to the firm. There is also a government that supplies
currency, taxes labor and capital income, and provides lump sum transfers to the
households. Money is valued in this economy because it is required in order to
purchase some consumption goods.! We shall first describe the role of the govern-
ment, then the problem solved by the households, and finally the firm’s problem.

The government issues money according to the following rule:

M, =gM,_, . 2.1
Given a price level, p,, it follows that the amount of revenue raised by the govern-
ment through money creation in period ¢ is equal to (g, — 1)M,_,/p,.

In addition to seigniorage, the government also raises revenue by taxing labor
income at the rate 7, and capital income at the rate 7,,. Since the focus of this paper
is on comparing the distorting effects of various forms of taxation, we assume the
government makes no purchases of output. All revenue collected is refunded to
agents in the form of real lump sum transfers equal to 7R,.

A policy in this economy consists of a sequence of money growth rates and tax
rates, {g,, Ty, et =o- The sequence of lump sum transfers, TR,, are chosen so that
the government budget constraint is satisfied in each period:

M!-l
P:

g -1 + T,wH, + 7,,(r, — 8K, =1TR, . (2.2)

In this budget constraint, H, is total hours worked, K, is the aggregate capital
stock, and w, and r, are the real wage rate and rental rate of capital, respectively.?
The term 7,,8K,, where 3 is the rate of depreciation of capital, reflects the deprecia-
tion allowance built into the tax code.

1Eckstein and Leiderman (1989) use a model with money in the utility function to examine the
seignorage and welfare costs of inflation for Israel.

2We are employing the convention of using capital letters (such as K and H) for economy-wide
variables that are determined in equilibrium but not chosen by the individual households and small letters
(k and h) for variables under direct control of the households. Of course, K = kand H = h in equilibrium.
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Households seek to maximize the following utility function,
> Br(alogcy, + (1 — a)logc,, — Bh,),0< B <1, (2.3)
=0

where 0 < a < 1, ¢, is consumption of the “cash good,” c,, is consumption of the
“credit good,” and h, is hours worked in time ¢.> We assume that households have
one unit of time that can be devoted to work or leisure, so 0 < k, = 1.

An important aspect of this utility function is that hours worked enters linearly.
This feature follows from the following three assumptions as shown in Hansen
(1985) or Rogerson (1988): (1) labor is indivisible, people can either work some
given number of hours or not at all; (2) the utility function is separable in consump-
tion and leisure; and (3) agents trade employment lotteries rather than hours of
labor. An implication of this is that hours worked is proportional to employment in
this model. Introducing this feature in a model of aggregate fluctuations enables the
model to exhibit large fluctuations in hours worked relative to productivity, as
shown in Hansen (1985). In addition, with this feature the model is consistent with
the fact that most fluctuations in hours worked are due to fluctuations in the number
of workers, not in hours worked per worker.

Households maximize (2.3) subject to the following sequence of budget
constraints:*

m
¢t oy tx,+ p—’ =0 = 7)w,h,
t

m—y

+ (1 — 7 )rk, + 7,0, + + TR, (2.4)

t

where m, is money balances held from period ¢ to period ¢+1 and x, is investment.
Investment in period ¢ produces productive capital in period ¢+ 1 according to the
law of motion,

kiyy =0 =3k +x,, 0<3<1. (2.5)

Households enter period ¢ with nominal money balances equal to m,_ carried
over from the previous period. Holdings of money balances are required in order to
purchase the “cash good,” ¢,. In addition, the government issues new currency in

31t is possible to recover the preference specification of Cooley and Hansen (1989) by setting o equal
to one.

4This budget constraint incorporates the fact that both consumption goods and the investment good
sell at the same price even though one is a cash good and the others are credit goods. This is because all
goods are produced using the same technology and, from the point of view of the seller, sales of both
credit goods and cash goods result in cash that will be available for spending at the same time in the
following period. Although cash good sales in a given period result in cash receipts in the same period,
this cash can not be spent until the next period.
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the amount M, — M,_, = (g, — 1)M, _, that provides additional cash to households
that can be used for purchases of cash goods in period 7. That is, a household’s
consumption choice must satisfy the cash-in-advance constraint,

pPCy=m_, +(g — DM,_, . (2.6)

In this paper, attention is focused on examples where this constraint holds with
equality. This constraint will always bind if the monetary growth factor, g,, exceeds
the discount factor, 3, for all ¢. Our examples will satisfy this condition.

The firm in this economy produces output, Y,, using the constant returns to scale
technology:

Y,=K°H!=®,0<0<1. @.7)

The firm seeks to maximize profit, which is equal to Y, — w,H, — r,K,. The first-
order conditions for the firm’s problem yield the following functions for the wage
rate and rental rate of capital:

wik ) = -0 (K)° 2.8)

t

r(K,H,) =8 (%)1_9 . 2.9)

t

To facilitate solving for an equilibrium, we transform variables so that the house-
hold’s problem is stationary. In particular, we define /i, = m,/M, and p, = p,/M,. In
addition, we let V(K k) = V(ri,_,,K,,k,) be the equilibrium-maximized present
value of the utility stream of the representative household who enters the period
with a fraction of per capita money balances equal to /7 and a capital stock equal to &
when the aggregate state is described by K. Implicit in the functional form of V are
equilibrium aggregate decision rules for H and X and the equilibrium pricing func-
tion, p. Each of these is a function of the aggregate state, K. The function V must
satisfy Bellman’s equation (primes denote next period values):

V(K k) = max{U(c,,c,,h) + B V(#',K'k')} (2.10)

subject to
€, teytxt %;— = wK,H)[(1 — 1,)h + 7,H]

+ r(KH)[(1 — Tk + K] + 1,8k — K) + ﬂ% @.11)

m+g-—1

¢ = = 2.12)
124
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K=(0-3K+X (2.13)
X = X(K), H = HK), p = pK) (2.14)

and (2.5), (2.8), (2.9), ¢,,c,,x,m’ non-negative and 0 < h < 1.

For this problem, tax rates are assumed to be constant. Constraint (2.11) is the
household’s budget constraint after transforming the variables and substituting in
the government budget constraint (2.2). Equation (2.12) is the transformed cash-in-
advance constraint, which we assume holds with equality. The aggregate capital
stock evolves according to (2.13). Finally, (2.14) gives the perceived functional
relationship between the aggregate state, K, and aggregate investment, aggregate
hours worked and the price level.

A stationary competitive equilibrium consists of a set of decision rules, c,(s),
c,(8), x(s), m'(s), and h(s) (where s = (1,K,k)), a set of aggregate decision rules,
X(K) and H(K), a pricing function p(K), and a value function V(s) such that:

(i) the functions V, X, H, and p satisfy (2.10) and c,,c,,x,M’, and h are the
associated set of decision rules;
(i) x(1,K,K) = X(K), h(1,K,K) = H(K), and m'(1,K,K) = 1; and
(iii) ¢,;(1,K,K) + ¢,(1,K,K) + x(1,K,K) = Y(K).

3. COMPUTATIONAL ISSUES

3.1 Solving for an Equilibrium

In much of the literature on the neoclassical growth model, the real business cycle
literature in particular, it is possible to compute an equilibrium indirectly by solving
a planning problem. However, in our case distortions force us to solve for an
equilibrium using direct methods. The method we use to compute equilibrium
decision rules is the approximation method employed in Cooley and Hansen
(1989).5

This method, which we will not discuss in detail here, involves substituting
constraints (2.11) and (2.12) into the period utility function given in equation (2.3),
eliminating ¢, and c¢,. A quadratic approximation of this objective function is
formed around the steady state, using the method described in Kydland and Prescott
(1982). Given linear guesses for the functions in (2.14), problem (2.10) becomes a
linear-quadratic dynamic programming problem. The iterative method used to solve
for the equilibrium aggregate decision rules and price level in (2.14), and simul-
taneously the value function in (2.10), is described in our previous paper.

3.2 Simulating Policy Changes

The experiments described in this paper all assume that the policy variables
(g,7,,7,) are constant after some date 7. The methods described in the previous

5This method is described in a fair amount of detail in Hansen and Prescott (1990).
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subsection are used to obtain equilibrium aggregate decision rules that hold under
this constant policy. However, we are interested in simulating the effects of policy
changes, either temporary or permanent, that occur before 7. We use the equi-
librium Euler equations from the original nonlinear version of the model to simulate
the effects of these policy changes.®

To make this more precise, let a policy at date ¢ be denoted by 7, = (g,,7,,,,Ty,)-
The class of policy sequences we consider have the form, {1,},L,and 1, = 7 fort =T
+ 1, where 7 is some policy that is independent of time. The equilibrium Euler
equations for the original model are formed from the first-order conditions (with
respect to h,, k, . ; and m1,) for a sequence version of the households problem (2.10)
after (2.11) and (2.12) have been substituted into the objective. Imposing the
equilibrium conditions (k, = K,, m, = 1, x, = X,, and h, = H, for all ¢), we obtain
three sequences of equilibrium Euler equations of the following form:

&7, 1o PpDes 1 HoH, 4 1 KoK, 1K, 0) =0, fort=0,...,T. (3.1)

After date T, the variables p, h, and k are assumed to be chosen according to the
aggregate decision rules obtained from the quadratic approximation when T = 7. In
particular, the variables p,, ,, Hy, ,, and K ,, which enter the Euler equations
for period 7, are determined in this way. Substituting the aggregate decision rules
into the last set of Euler equations produces a system of 3+(T + 1) equations in 3-
(T + 1) unknowns which can be solved using a nonlinear equation solver. We then
use these linear aggregate decision rules to simulate beyond period 7. In practice,
we choose T so that the policy 7 has been in effect some number of periods (usually
fifty) before simulating with the linear decision rules. This insures that the economy
will be in the neighborhood of the steady state so that the linear decision rules are
accurate.

3.3 Calculating Welfare Changes

To study the welfare consequences of distorting taxation, we compute the per-
centage increase in consumption that an individual would require to be as well off as
under the Pareto optimal allocation. The Pareto optimal allocation for our economy
is equivalent to the equilibrium allocation for the same economy without the cash-
in-advance constraint or distorting taxes, or, equivalently, for a version of the model
where the money supply grows at a rate such that the cash-in-advance constraint is
never binding. It turns out that for the model studied in this paper, the cash-in-
advance constraint is not binding if the monetary growth factor is equal to the
discount factor, 8.7 To obtain a measure of the welfare loss associated with distort-
ing taxation in the steady state, we solve for x in the equation

oIt is also possible to simulate the effects of a policy change using the quadratic approximation
described above. However, the quadratic approximation methods may lead to inaccurate results if the
economy moves far from the original steady state. This may be a serious problem for some of the
experiments we consider.

7When we set g = {3, the initial price level is no longer uniquely determined. However, the real
allocation and rate of inflation are uniquely determined and the allocation is Pareto optimal if there are no
other distorting taxes.
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U=a« loglc¥(1 + x)] + (1 — o)log[cs(1 + x)] — Bh* . (3.2)

In this equation, U is the level of utility attained (in the steady state) under the
Pareto optimal allocation (g = 8, 7, = 7, = 7, = 0), and c¥, c¥ and h* are the
steady-state consumption and hours associated with the tax policy in question. From
the value of x that satisfies this equation, we compute AC = x(c} + c¥). Here, AC is
the total change in consumption required to restore an individual to the level of
utility obtained under the Pareto optimal allocation.

In some of our experiments we consider changes in policy. In those cases we want
to take into account the effects of the transitional dynamics. The procedure we
follow is to compute a two-thousand-period simulation starting from the steady state
of the baseline policy. From this simulation we have time series on c,, ¢, and h
beginning with the first period that the new policy is put into effect. The welfare
costs are calculated by solving the following equation for x, where U is the same as
in (3.2).

1000
> Brlalog(cy, (1 + x)) + (1 — a)log(cy(l + x)) —h, — U] =0 .

t=1

(3.3)

The welfare cost measure, AC, is defined to be the annuity value of x(c,, + ¢,,) over
the two-thousand-period simulation. We will usually express these welfare costs as a
percentage of the annuity value of GNP.

4. CALIBRATION OF THE MODEL

In order to study the behavior of this model economy, values must be assigned to
the parameters of technology, preferences, and the policy variables. We follow the
procedure of choosing values based on observed features of the data. This calibra-
tion procedure has been widely applied in business cycle studies based on models
similar to ours.® The fact that there are distorting taxes in our model has led us to
change some of the parameter values from those used in our previous work. We first
describe the values of the policy variables used in calibrating the model, and then
the parameters of technology and preferences.

Since the inflation rate has been quite low on average in the United States during
the postwar period, we chose to calibrate the model assuming a zero inflation rate,
which implies setting g = 1.0. A number of authors have computed the average

8This procedure became popular in business cycle analysis beginning with the work of Kydland and
Prescott (1982). An alternative would be to estimate the parameters using maximum likelihood as is done
in Christiano (1988) or Hansen, McGrattan, and Sargent (1989). Christiano and Eichenbaum (1990)
discuss a procedure that is somewhat intermediate, using the data to estimate key moments while
specifying other parameters.
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marginal tax rates on labor and capital income. Auerbach (1983), Joines (1981),
Seater (1982, 1985), Barro and Sahasakul (1986) among others have estimated these
average taxes. In the simulations reported below we assume the tax rate on income
is 23 percent and the tax rate on capital is 50 percent (1, = .23 and T, = .5), values
which were determined by taking the average of the time series reported in Joines
(1981).°

We now turn to the parameters of technology, 8 and 3. The share of total output
that is payments to capital, 8 in our model, is set equal to .36. Christiano (1988)
points out that depending on how proprietors income is assigned, 6 can range from
.25 to .43 when measured using postwar U.S. national income accounts. We have
chosen .36, which is in the middle of this range, because it is the value most
commonly used in these studies, including our previous work.

The quarterly depreciation rate, 3, is commonly set equal to .025, which corre-
sponds to a 10 percent annual rate. However, we were led to assign a different value
to this parameter in order for the investment-output ratio to match that observed in
the U.S. economy. Since in this paper, the tax on capital corresponds to a tax on the
income from producer’s structures and equipment (not residential capital or con-
sumer durables), the appropriate component of the national income accounts corre-
sponding to investment in the model is fixed nonresidential investment. Taking total
output to be consumption of nondurables and services plus fixed nonresidential
investment, the average investment-output ratio is .17 over the postwar period. By
setting & equal to .02 (corresponding to an 8 percent annual depreciation rate), the
investment-output ratio for the model economy matches that for the U.S. economy.

The preference parameters, 3, B, and o, remain to be set. The discount factor, B,
is set equal to .99, which implies an annual real interest rate of 4 percent. The
parameter B, which appears in equation (2.3), is chosen so that on average house-
holds spend one-third of their substitutable time working. This implies a value for B
equal to 1.8.

The parameter o, which determines the relative importance of the cash and credit
good in the utility function, is calibrated by considering two kinds of evidence. First
we take an approach similar to that in Lucas (1988). He considers a cash-in-advance
model and shows how the parameters of conventional money demand functions are
related to the parameters of preferences. To illustrate this, we can introduce a
market for nominally denominated bonds which is open at the beginning of the
period. Bonds carried from period ¢ to ¢t + 1, b,, must be purchased with cash
balances or the return from bonds carried over from period t—1. The interest rate of
return on bonds held from ¢ to £ + 1 is R,. With this addition, the cash-in-advance
constraint (2.6) becomes

pci, tb,=m_,+(@g —DM,_, + 0 +R,_)Db,_, . “4.1)

9Many authors distinguish between the direct tax on capital income and the additional tax that
operates through the income tax. The tax rate of .50 is intended to incorporate both of these effects.
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Similarly, b, must be introduced into the budget constraint, (2.4). From the first-
order conditions for b, and m,, it is possible to obtain the following expression:

C, 1 (11—
mip.a o R 4.2)

where C, = ¢, + c,,.

Equation (4.2) relates the velocity defined in terms of total consumption to the
nominal interest rate R,. To give empirical content to this relation one must identify
the appropriate measure of consumption and the appropriate measure of money from
which to construct the velocity. For consumption we use consumption of nondura-
bles and services, taken from Citibase. Choosing a measure of money presents
problems. Conventional monetary aggregates that one might use to capture quan-
tities subject to the inflation tax—the monetary base, or the non-interest bearing
portion of M1—have the drawback that they are too large. They imply velocities
less than unity which is inconsistent with the model. Instead, we use the portion of
M1 that is held by households. ' To obtain a value for ., we compute the regression
implied by (3.2) using these data.!! For the sample period 1970-1986, the esti-
mated equation is

VEL = 1.1392 + 0.1165 * RTB
(0.0265) (0.0133)

D-W = 0.297 R2? = 0.549

where RTB is rate on three-month Treasury bills stated on a quarterly basis.

The intercept of this regression implies an estimate of o = 0.88. But it must be
noted that the conclusions of this regression analysis are sensitive to the choice of
sample period.

An alternative way to approach this calibration problem is to estimate o from
survey studies of how people actually make their transactions. In 1984 and again in
1986 the Federal Reserve commissioned surveys of consumer transactions. The
purpose of these surveys was to determine how people use cash and other means of
payment in making their transactions. The results of this survey are depicted in
Figure 1 for 1984. The proportions for 1986 are virtually identical. We take as our
estimate of the “cash goods” transactions, those purchases made with cash, main

10These data are obtained from the Flow-of-Funds Accounts. Unfortunately these data too are flawed
because of the way they treat currency. Currency held by households is treated as the residual of total
currency outstanding and currency held by businesses and governments. The resulting figure is undoubt-
edly way too high.

11The data reveal a strong trend in velocity. For this regression to be valid it would have to be matched
by a trend in interest rates. We test the null hypothesis that velocity and nominal interest rates are
cointegrated. We cannot reject the null hypothesis velocity and interest rates are cointegrated at the 5
percent level using Park’s (1989) test. Unfortunately there is also evidence of a remaining spurious trend
in the residuals of this regression.
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Credit Cards Cash
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Money Orders
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Savings/MMA
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Main Checking
457% .

74

S Other Checking
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Fi1G. 1. Survey of Transactions, 1984

checking, other checking, and money orders. This constitutes 84 percent of all
transactions. If we denote this percentage by v, then the relation between the
preference parameter o and this percentage v is given by the expression:

_ 8gY
C=RI-v T ey “3)

Using B = .99, g = 1, and v = .84 implies an estimate of a = 0.84. Since 0.84 is
close to the number obtained from the regression above, this is the number we will
use in most of the following experiments. For some of them we will use a value of

= 0.5, much smaller than the calibrated value.!2
We summarize our parameter choices in the following table:

A T L I

1.00 | 023 | 050 | 036 | 002 | 099 | 180 | 0384
5. POLICY EXPERIMENTS
Our objective in this paper is to analyze the welfare consequences of ending

moderate inflations. We begin by describing the steady-state properties of the econ-
omy for various inflation policies with and without other distorting taxes.

12This extension was suggested by the comments of Benabou and Wright.
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5.1 Steady-State Properties

Consider first the revenue generated in this economy by different steady-state
inflation rates. Figure 2 shows total revenues raised by inflation both with and
without the taxes on capital and labor income and it shows the change in total
revenue when inflation is combined with other taxes. Inflation taxes contribute less
to total revenues when other distorting taxes are present. Figure 3 shows seignorage
as a fraction of GNP for both of these cases. The observation that inflation tax
revenues are a larger fraction of GNP when other taxes are present reflects the fact
that GNP is lower in that case. Figures 4 and 5 show the welfare cost of inflation and
the welfare cost divided by revenue for various steady-state inflation rates, with and
without other distorting taxes. The key observation here is that the presence of other
taxes nearly doubles the welfare cost of inflation. Figure 5 shows that, for moderate
inflation rates, the revenue gained is much greater than the welfare cost incurred and
this is true regardless of the presence of other taxes.

These steady state results are summarized in Table 1. The top panel shows the
consequences of the inflation tax when the policy includes taxation of labor and
capital income. The lower panel shows the revenue and welfare consequence of the
inflation tax by itself. The third panel of Table 1 shows the welfare costs associated
with different policies when we reduce our calibrated value of o, the parameter that
captures relative preferences for cash versus credit goods. These latter numbers are
included to show the sensitivity of the results to this feature of the model.

0-16 v T T T s L] T T T T T v T T T
No Other Taxes ]
014K _ _ Other Taxes 1
- -~ Change in Total Revenue ]
0.12 .
o 0.10 }+ _ - - 4
o] _ -
C
o 0.08} - _
> ~
) 3 -~ ]
_ -
T o.06] - B 1
/ —’4
s e ”,” 4
P -
0-04 o / ///’ 1
L / //’
oo2ft /.o -7 ]
. //// J
O‘OO /. 1 N 1 1 1 1 N 1

0 10 20 30 40 50 60 70 80 90 100
Annual Inflation Rate

FI1G. 2. Revenue from Inflation



Seignorage/GNP

Percent of GNP

0.12 ——

0.10} P
~
~
~
0.08} _ - .
-
~
pd
0.06 } _ -
Ve
[ ~
0.04 } / J
] Z
Y
0.0zt Y No Other Taxes | |
— — Other Taxes
OOO N 1 " L N 1 N 1 N L " 1 i 1 i 1 L 1 N
0 10 20 30 40 50 60 70 80 90 100
Annual Inflation Rate
FiG. 3. Seigniorage as a Fraction of GNP
6 T LI T T T T T T T T T T T Y T Y
st
4}
3l
2t
5 /S i
1 Y Welfare Cost w/o Taxes
./ — — Welfare Cost w/ Taxes
o i 1 i 1 " 1 L " N 1 i 1 — L 1 L L
0 10 20 30 40 50 60 70 80 90 100

Annual Inflation Rate

Fic. 4. Welfare Cost of Inflation



496 : MONEY, CREDIT, AND BANKING

3'2 T ¥ L} M T v T v T v T v T v T v T

28 -I No Others Taxes _
| — — Other Taxes

2.4 H §

2.0
1.6
1.2

0.8 - === |

0.4

W. Cost/Increase in Revenue

L U RS SN SN S— A 1

0.0 . ! 2 1 : 1 s 1 s s
0O 10 20 30 40 50 60 70 80 90 100

Annual Inflation Rate

Fic. 5. Welfare Cost Divided by Revenue

Column 2 of Table 1 shows the revenue associated with each steady-state inflation
rate. Column 3 shows the ratio of that revenue to GNP and so on. The right-most
column shows the welfare cost of the entire policy. The first entry in this column
gives us an estimate of the pure distortion associated with the taxation of capital and
labor income in the base policy. This estimate of 16.843 percent of GNP is within
the range of, but at the low end of estimates that have appeared elsewhere in the
literature. To summarize, we find that the presence of other distorting taxes has two
pronounced effects: the welfare costs of the inflation tax are essentially doubled and
the revenue from a given steady-state inflation policy are reduced by one-third.
When agents have preferences that are less heavily weighted toward cash goods, the
revenue potential of the inflation tax and the welfare costs of inflation are both much
smaller. The third panel shows that both the revenue and the welfare costs are
decreased by nearly one-half by this difference in parameters. The welfare cost of
the entire policy is not affected very much because most of the distortion is due to
the other taxes.

5.2 Reducing Inflation

Next we consider the repercussions for this model economy of a policy proposal
that has been much discussed: reducing a moderate inflation to zero. In simulating
this transition we assume that the new policy will hold forever and that agents have
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TABLE 1
WELFARE AND REVENUE CONSEQUENCES OF ALTERNATIVE POLICIES

Economy with Capital and Labor Income Taxation
8

a = 0.84

Welfare Welfare

Cost of Change 1n Seigniorage/ Cost of

Inflation Seigniorage/ Inflation Total Total Policy
Rate Seigniorage GNP (%GNP) Revenue Revenue (%GNP)
0.0 0.0 0.0 0.2794 0.0 0.0 16.843
5.0 0.0094 0.0083 0.6257 0.0066 0.0239 17.259
10.0 0.0180 0.0161 0.9628 0.0126 0.0448 17.664
20.0 0.0333 0.0304 1.6117 0.0232 0.0792 18.443
50.0 0.0681 0.0652 3.3860 0.0463 0.1464 20.575

Economy with Only Inflation Tax

Welfare Welfare

Cost of Change n Seigniorage/ Cost of

Inflation Seigniorage/ Inflation Total Total Policy
Rate Seigniorage GNP (%GNP) Revenue Revenue (%GNP)
0.0 0.0 0.0 0.1048 0.0 1.0 0.1048
5.0 0.0143 0.0077 0.2392 0.0143 1.0 0.2392
10.0 0.0275 0.0150 0.3751 0.0275 1.0 0.3751
20.0 0.0508 0.0282 0.6488 0.0508 1.0 0.6488
50.0 0.1040 0.0605 1.4661 0.1040 1.0 1.4661

Economy with Capital and Labor Income Taxation
a = 0.50

Welfare Welfare

Cost of Change in Seigniorage/ Cost of

Inflation Seigniorage/ Inflation Total Total Policy
Rate Seigniorage GNP (%GNP) Revenue Revenue (%GNP)
0.0 0.0 0.0 0.1669 0.0 0.0 16.707
5.0 0.0056 0.0049 0.3719 0.0039 0.0143 16.954
10.0 0.0107 0.0095 0.5717 0.0075 0.0270 17.194
20.0 0.0198 0.0178 0.9556 0.0138 0.0485 17.655
50.0 0.0405 0.0374 1.9992 0.0275 0.0923 18.909

perfect foresight about this. We first estimate the welfare gains of simply reducing
the inflation rate from 5 percent to zero, from 10 percent to zero and from 20 percent
to zero.

The consequences of these reductions are shown in Table 2. Column 1 of Table 2
shows the inflation rate associated with the initial policy. The taxes on labor and
capital income are held at their baseline level for these experiments. The welfare
costs associated with these initial policies can be read from the top half of Table 1
(column 7). Column 2 of Table 2 shows the welfare costs from the new policy
relative to the original policy (including the effect of the transition).!3 This number
is computed as the annuity value of the change in consumption that would yield the
same utility as the initial policy (for example, 5 percent inflation) stated as a
percentage of GNP.!4 Accordingly negative numbers indicate that one is better off
under the new policy. This particular way of computing the welfare cost gives us the
best direct comparison to the initial distorted policy. Column 3 of Table 2 shows the
annuity value of the revenue lost as a consequence of the transition to zero inflation.

13The transitional dynamics have a very minor effect on welfare.
14Referring back to equation (3.2).
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TABLE 2
GAINS AND LOSSES FROM A TRANSITION TO ZERO INFLATION

Welfare

Cost of New
Policy
Welfare Cost Relative to Annuity Value of
of Orignal Oniginal Revenue Loss from
Imtial Policy Policy (%GNP) New Policy

5% Annual Rate 17.259 —0.34% 2.38%

10% Annual Rate 17.664 —0.66% 4.45%

20% Annual Rate 18.443 —1.280% 7.87%

These results confirm the widely held view that a permanent reduction of the
inflation rate to zero has positive welfare consequences. The welfare costs of the
distortions in this economy decrease by .34 percent of GNP, .66 percent of GNP and
1.28 percent of GNP as a consequences of eliminating 5 percent, 10 percent, and 20
percent inflation respectively. These welfare improvements are not obtained without
some cost. From an initial 5 percent annual inflation the revenue loss is 2.39
percent, from an initial 10 percent annual inflation the revenue loss is 4.45 percent
and from an initial 20 percent inflation the revenue loss is 7.87 percent. These are
very sizeable revenue losses obtained for a small improvement in welfare. In the
current budgetary climate even 2 percent would be important.

Table 3 shows what would happen in this economy if the revenue losses due to
ending a moderate inflation have to be replaced by other distorting taxes. Column 2
displays the welfare cost of the original policy. Columns 3 and 4 display the welfare
costs of the new policy when revenue is replaced by the labor income tax. Replacing
the revenues from a 5 percent inflation increases the welfare cost of the policy by
.425 percent compared to the initial policy; compensating for a 10 percent inflation
increases the welfare cost by 1.018 percent; compensating for a 20 percent increases
the welfare cost by 2.42 percent. Columns 5 and 6 show the consequences for
welfare when the revenue from the inflation tax must be replaced using the capital
income tax. Replacing the revenues from 5 percent inflation with the capital tax

TABLE 3
WELFARE COSTS OF REDUCING INFLATION PERMANENTLY HOLDING REVENUE CONSTANT
Revenue Replaced with Labor Revenue Replaced with Capital
Income Tax Income Tax
Welfare Welfare Cost Welfare Cost
Cost of Welfare Cost of New Policy Welfare Cost of New Policy
Original of New Policy Relative to of New Policy Relative to
Inflation Policy J%GNP Original %GNP Original
Rate %GNP (Tax Rate) %% GNP (Tax Rate) %GNP
5% 17.259 17.771 0.425 21.634 3.231
(0.24762) (0.58484)
10% 17.664 18.926 1.018 NP
(0.2673)
20% 18.443 21.468 2.422 NP
(0.30658)

NP - Revenue Replacement not possible
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increases welfare cost relative to the initial policy by 3.23 percent. Replacing larger
revenue losses with the capital tax is simply not possible. Figures 6 and 7 show, for
the 5 percent inflation case, how the time path of utility, hours, consumption, and
capital are affected by the transition to a new policy. Consumption and hours
initially decline sharply and then gradually approach their new steady-state value
while the capital stock declines gradually. When the capital tax is used to replace
revenue the effect on capital and hours is dramatic. The former falls by nearly 4
percent in the first period, while the capital stock declines steadily to a level more
than 12 percent below the initial steady state. Consumption initially increases for
this policy but then is lower eventually as a consequence of the drop in investment.
These results underscore the consequences of replacing the inflation tax with taxes
that are more distorting.

5.3 Temporary Policy Changes

The set of experiments just discussed all involve transitions from one policy to
another that are permanent. Once the transition to zero inflation occurs agents in this
economy believe it to be permanent. In this section we suppose the government is
unable to commit to a permanent change in inflation policy and instead can only
engineer a temporary change and agents know this to be the case.

The results of these experiments are shown in Table 4. All of these assume that
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the initial policy in this economy involved a 10 percent annual inflation rate and the
new policy is one of zero inflation. Taxes on labor and capital income remain fixed.
Table 4 shows the results of experiments in which inflation is zero for one, two, and
five years. These results suggest that both welfare and revenue are likely to decline
as a consequence of temporary changes in policy. The welfare costs of the policy are
higher and the revenue is lower. The reason for this can be seen in Figure 8 which
shows the time paths of revenue, consumption, hours, capital, and utility for a one-
year change in the inflation policy. The effect of the one-year decline in inflation is
an immediate and sharp drop in investment (a “credit good” in this economy) and a
corresponding increase in consumption over the period that it is untaxed. The

TABLE 4
WELFARE AND REVENUE CONSEQUENCES OF TEMPORARY PoLiCY INITIAL PoLICY 10 PERCENT
INFLATION
Welfare Cost
Relative to
Welfare Cost Original Percentage Change 1n
of Original Steady State Annuity Value of Revenue
Duration of New Policy Policy (%GNP) from policy
One Year 17.664 .0008 —.239%%
Two Years 17.664 .0013 —.448%
Five Years 17.664 .00007 —.966%
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consequence of this intertemporal substitution is that consumption is lower in
the long run and utility and the present value of revenue are both marginally lower.
The implication of these results is that unless there is a commitment technology
available that would bind the government to policies that keep the inflation rate at
zero, then the policies would not have the desired consequences.

6. CONCLUDING REMARKS

In this paper we have tried to address a current policy issue—the proposal that the
Federal Reserve should be required to reduce inflation to zero—by simulating some
of its consequences with a simple equilibrium model. This exercise is in the spirit of
a large public finance literature that has looked at taxation this way. !5 Nevertheless,
we are mindful of the fact that this simple model abstracts from many of the details
of the economy and the fiscal system that may have an important bearing on the
consequences of policies to reduce inflation. With that important caveat, however,
our results show that, for the model economy studied here, the costs of lowering
inflation to zero may well exceed the benefits. This is particularly true if there is no
commitment mechanism that would bind the Fed to this policy indefinitely.

15Auerbach and Kotlikoff (1987), Braun (1988), Cooley and Hansen (1990), Judd (1987), and
McGratten (1988).
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