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Abstract

When the government uses bonds to smooth tax distortions agents
must use bonds to smooth consumption. This is not efficient because
smoothing by bonds requires more real resources than smoothing by money.

At the social optimum only money is used. This can be achieved by
contracting a monetary aggregate which includes government deposits at
the central bank, at a constant rate. Unlike models which allow a
costless trip to the asset market at the beginning of each period, here
the rate of change in the monetary base fluctuates over time.

I have benefited from comments provided in the seminars at New York
University and the Bank of Israel and from discussions with Benjamin
Bental, Boyan Jovanovic, Nissan Liviatan and Robert Lucas.



INTRODUCTION

Questions about the daytoday operation of the central bank are

far from resolved. There is no consensus about the definition of the

monetary aggregate and the price index that should be targeted. Here I

use an intertemporal optimal tax problem to discuss these issues.

In any smoothing activity (bridging the gaps between receipts and

expenditures) there is more than one party involved. If the government

chooses to use bonds for smoothing tax distortions it forces private

agents to use bonds for smoothing consumption. This is not efficient

because smoothing by money requires less resources. A similar argument

was made by Bryant and Wallace (1979) who use an overlapping generations

model. It is made here in a general equilibrium version of the Baumol

Tobin model.

When the government uses money for smoothing tax distortions,

money must change hands between the government and individuals and the

amount of money held by the private sector fluctuate.

I propose an institutional setup in which the central bank smooth

the rate of change in:

M* = money held by the private sector (M) + the amount of money held by

the government in its central bank domestic currency account.

I show that at the optimum, M* contracts at the rate of the

representative agent's subjective interest rate (p). This result may be

viewed as a generalization of Friedman (1969) .

Friedman (1969) followed the "money in the utility function"

approach. He abstracted from fiscal policy issues by assuming that lump



sum taxes are possible and government expenditures are zero. He also

abstracted from business cycles and growth. In this environment Friedman

argues.for a steady contraction of the money supply (M) at the rate of

p . 1 Here I show that when we take explicit account of the government

sector, M* rather than M should contract at the rate of p.

At the optimum only money is used and the gross real rate of

return on money is the price of current consumption in terms of future

consumption. Sargent and Wallace (1982) argue that this relative price

should change over time. For example, if government expenditures are

temporarily high current consumption should be made expensive relative

to past and future consumptions and the current rate of return on money

should be made relatively high. It is possible that changes in the

relative price of current consumption will be accomplished by changes in

consumption taxes. Therefoxe, under an appropriate fiscal policy the

central bank may smooth the rate of change in producer prices. But in

any case, it should not attempt to smooth the rate of change in the

consumer price index.

The paper may also be read.as a contribution to the growing

literature on the robustness of the optimality of zero nominal interest

rate: The Friedman rule. A major objection to Friedman's rule was made

by Phelps. (1973) who applied Ramsey (1927) smoothing tax distortions

logic to . argue that real balances should be taxed like any other good.

1 For other models in which zero nominal interest rate characterizes the
optimum, see Sidrauski (1967) Grandmont and Younes (1973) , Bewley
(1980) , Townsend (1980) , and Stockman (1981) . This result was also
obtained in a BaumolTobin type model by Jovanovic (1982( .



Phelps argument was challanged by Lucas and Stokey (1983) and

Lucas (1986). They examined a model in which agents can go to the asset

market only at the beginning of each period. During the period shoppers

can buy some goods on credit and some goods ("cash goods") only with

money . Lucas (1986) convincingly argue that "Liquidity is not 1 another

good' nor, indeed, a 'good' at all: It is the means to a subset of goods

that an income tax has already taxed once. Tax spreading at each point

in time means inflation tax fixed at zero, independent of the revenue to

be raised." He therefore concludes that in the absence of a difference

between the elasticities of cash and credit goods, zero nominal interest

is optimal.2 A similar argument was made by Kimbrough (1986) who models

money as an intermediate good. Woodford (1990) and Chari, Christiano,

and Kehoe (1993) provide a general discussion of the conditions under

which Friedman's rule is optimal.

Lucas and Stokey (1983) assumed that agents do not hold any money

and nominal interestbearing government bonds at the time of the regime

change. Chari, Christiano, and Kehoe (1993) argue that when the initial

holdings of money and nominal government bonds are positive, it is

optimal to set the initial price level at infinity and then start

deflating at the Friedman rate. Many economists may feel uneasy about

the initial hyperinflation.

2 Braun (1994) shows that if the income elasticity of the long run
demand for money is less than unity, then some inflation tax is
optimal. This result is developed in the context of a cash inadvance
model with an exogenous distinction between cash and credit goods. For
models in which the distinction between the two types of goods is
endogenous , see Gillman (1993) and Aiyagari and Eckstein (1994( .



Here I use a general equilibrium version of the BaumolTobin model

to argue that achieving zero nominal interest rate can be achieved by

reducing M* at the rate p. This is desirable even when there are

fluctuations in aggregate income, lump sum taxes are not possible and

initial hyperinflation is prohibitively costly.

THE MODEL

I consider a single good economy which is populated by n

infinitely lived agents. Agent h can produce the good by using labor

input according to the constant returns to scale technology:

, . . h .h_h
(1) yt = 6tLt ,

where y is the amount of the good produced, L is labor input and 6 is a

productivity parameter. There is no uncertainty: agent h knows the

entire sequence{(LK. . But 0. varies over time and agents in an

unrestricted way. Therefore, aggregate income, £. " y. , Will in

general vary over time.

I start by treating the government and the central bank as a

single entity: "the public sector". Initially there are no assets. As in

Lucas and Stokey (1983) ,att= 0 the public sector introduces money and

bonds by offering the public a loan with no maturity. There are no

private bonds before and after t = 0.

The public sector announces a sequence of real interest rates

{rt}t=1 and supplies the entire demand for loans: If agent h takes a

loan of A_ real units he will pay the sequence {rtAQ} .  as interest.



The agent divides the initial loan from the public sector between real
, , h ., ., h h h , hbalances, mQ, and real bonds, bQ. Thus, A" = mQ + bQ.

After t = 0, individuals can smooth consumption by changing the

amount of assets they hold. Changing the amount of money is costless but

changing the amount of bonds is not: It costs a units of time to go to

the bank and change the amount of bonds held.

The public sector can levy flatrate consumption taxes (Tt) and

income taxes (xt) . Most of the literature on optimal monetary and fiscal

policy considers income tax only. Adding consumption tax is superf lous

from a purely theoretical point of view. I do it for two reasons. First,

it allows for a simple characterization of the optimal solution. But

more importantly, it allows for a discussion of the price index that

should be targeted.

I focus on a solution in which the rate of change in producer

prices is smooth but the rate of change in consumer prices varies. It is

therefore convenient to use the producer price index as a deflator.

Thus, at time t, a unit of real balances can buy 1/(1 + Tt) units of

consumption at consumer prices and one unit at producer prices. In

general, the real value of a nominal amount that can buy a unit of

consumption at producer prices is unity.

It is assumed that the public sector has perfect control over the

rate of inflation. This assumption is problematic in view of the long

and variable lags between money and prices. At the proposed optimum,

producer prices change at a constant rate and this is less of a problem.

I use t to index time and h to index an individual agent;

p= the subjective rate of interest (p > 0) ;

(J = 1/(1 + p) = subjective rate of discount;



L = labor input;

c = consumption;

u(c , L) = single period utility function;

m = real balances;

b = real bonds;

y = 8L = real income;

T = consumption tax rate;

1 = income tax rate;

n = tax rate on real balances = the inflation rate in producers י

prices3 ;

r = the real interest rate on bonds.

I assume that the public sector can perfectly commit to current

and future policies. At t = 0, it announces the sequence:

J2 = {Tt, xt, nt, rt}~=1.

Each consumer computes the sequence of payments that he needs to

make to the public sector: {Ttc, +Tt9 L. + rtAQ}. , .At t = 0, he

gives his bank a standing order to pay this sequence. Thus the paying of

taxes and interest on the initial loan do not require trips to the bank

after t = 0.

3 In discrete time, the tax on real balances is 71 = £/ (1 +£) , where C,

is the discrete rate of inflation in producer prices.



Given the announced policy, agent h chooses (mn , bn) and
"0 ' "0'

h, h hTh oo *. ר 4
{mt< bcf, ccf, Lt}t=l to solve* :

(2) Uh(Q, a) = max I~=1 p^i^c^, I"£)

s.t.

(a) (1 + Tt)ct + bcf + mt =

)1  Tt)e£[l£  oci£j + b£1(1 + rt) + m^d  nt)  rtAg;

(b) i£ = {1 if b£ * bt_1(1 + rt) ; 0 otherwise};

(c) A0 = m0 + b^; c£,m^S 0,0SL^ ^ 1 andb£ >0 when t>oo.

The righthand side in constraint (a) are all the available

resources at time t . The first term is net labor income. Note that only

L  oci units of time are used for productive activities. The magnitude

ai is the time allocated to a trip to the bank, in case that a trip is

made. A trip is made under the conditions in (b). The second and the

third terms are the value of bonds and money carried from the previous

period, and the fourth term is the interest payment for the initial

loan. The available resources can be spent on consumption or used to

acquire current period assets.

It is shown in Appendix 1 that the price of current consumption in

terms of future consumption depends both on the interest rates and the

4 Assuming that government expenditures affect the individual utility
will not change the main results.



rates of inflation: Higher rates of inflation will make current

consumption cheaper in terms of future consumption. To build intuition,

consider an increase in ct which is followed by a reduction in ct*A. The

increase in ct will initially affect the holdings of money and only

later, when a trip to the bank is made, it will affect the holdings of

bonds. Similarly, the holding of money between the trip to the bank

which is priorto t + A and timet+ A will be affected. Therefore the

rate of return on money enters the computation of the relative price of

current consumption and the role that the rate of inflation plays in

this relative price gets more important as the rate of inflation goes

down and agents reduce the number of trips to the bank.

This is different from models that allow a free trip to the asset

market at the beginning of each period. In such models the rate of

inflation does not affect the relative price of current consumption in

terms of future consumption and deviation from the optimum rate of

inflation will not lead to a distortion in these relative prices. For

example, in Lucas and Stokey (1983) , a rate of inflation which is above

the optimum will lead to a distortion in the relative prices of cash and

credit goods but will not lead to a distortion in the relative price of

current consumption in terms of future consumption as is the case in

this model.5

5 Thus, this model does not distinguish between the asset and the
transaction motive for holding money. This distinction usually
requires an environment in which the agent can do different things at
the beginning of the period and durinng the period. Here nothing
happens during the period and therefore there is no distinction
between the asset and the transaction motive for holding money.
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I now turn to write the budget constraint in a present value form.

It is possible to replace constraint (a) in (2) by:

(3) I~=1 Dt(l + Tt)cJ = X~=1 Dt{(l  Tt)e^[L^  aij]  mt_l<rt + nt))

where Dt = (1 + r!)1 X (1 + r2)1 x.. .x (1 + rt)1.

The proof of the Lemma is in the Appendix. Note that the budget

constraint (3) does not depend on the amount of the loan from the public

sector: (bQ + mQ) . The intuition is that if you borrow money and hold it
as bonds, the interest payments on the bonds will exactly cover the

interest payments on the loan.

Let qt = Dt (1 + Tt) ; wt = Dt (1  Xt) and yt = Dt(rt + crt) . Dividing

both sides of (3) by qi leads to:

(4) X~=1 (qt/<2l)ct = X~=1 (wt/q1)6t[Lt  aicf]  (Yt/Qi)mt_r

When a = 0, (qt/qi) is the price of consumption at time t, (wt/q1)

is the price of leisure at time t and (Yt/qi) is the price of holding

money at time t1, all in terms of consumption at time 1. When a > 0,

these relative prices do not have a simple interpretation.6

6 In particular, (Qt/PIl) is not the price of consumption at time t in
terms of consumption at t = 1 . It is the price of an amount in the
savings account that, if converted into money, can buy a unit of
consumption at time t in terms of an amount in the savings account
that if converted into money can buy a unit of consumption at
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We can write the solution to (2) as a function of the sequences:

Q = {qt/q1>~=1' w = {wt/qi)^ and r = {Yt/q1>~=1. 1 use 0= (Q,w,r,oc)

and Vh(4>) instead of Uh(i2,a) to denote the maximum level of utility
that consumer h can achieve given a and the sequences (Q/W,r). I assume

a unique solution to (2) and use L.(*) ,c (*) , m.(O) , bt(lf>) to denote

it.'

I omit the superscript to denote the sum over all agents. Thus,

0tLt(*) = x£10hl£ (<!>), ct(O) = 2£=1cjN*) , and so on.

I assume a social welfare function,X. _1c0hVh(<I>) , where יע0 is the

weight of consumer h. The public sector chooses relative price targets

using Cl as tools, to maximize social welfare subject to the constraint

that the individuals' portfolio choices are consistent with financing

exogenously given public sector consumption, {Gt}._1. Thus, the public

sector solves:

)5) v(oc) = maxQ,w,r 5^=1cohVh(<l>)

s.t.

)6) Gt + bt.it*) (l+rt) +mt.1(<b) (lnt) =

}TtetLt(<I>) + Ttct(<D)} + {[bo(*) + mo(<I>)]rt} +

}bt(*) + mt(<I<)}.

time = 1.

ר Note that increasing consumption taxes by x% in all periods and
reducing income tax by x% in all periods is not neutral: It will
affect T because there are no consumption taxes on the services from
real balances. If we apply the consumption tax to the holding of money

and replace 1ym/q! in (4) by (1 + T)7m/q1' then the above change will be
neutral.
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The lefthand side in constraint (6) represents the total obligations of

the public sector at time t. These include current expenditure and the

real value of the (interest and noninterest bearing) debt from the

previous period. On the righthand side we have the sources for meeting

these obligations, which are: current tax revenues, the interest payment

on the initial loan, and the total current period debt.

The consumers' budget constraints and constraint (6) imply the

market clearing condition8 :

)7) Gt + ct(<J>) + 0c8tit(<I>) = etLt(<D) ,

where a8tit (<I>) denotes the aggregate cost of trips to the bank. It is
also true that the consumers' budget constraints and (7) imply (6 } . We

may therefore substitute (7) for (6) in problem (5) and write:

)8) v(a) = maxQ.w,r ^l0011^'01

s.t. Gt = etLt(O)  ct(<t<)  0c8tit(<I>) .

Thus, the public sector problem may be viewed as that of choosing

relative prices that maximizes social welfare subject to the constraint

that markets are always cleared.

8 To check that this is indeed the case, let ait denote the aggregate
amount spent on trips to the bank. From the consumers■ budget
constraint (a) in (2) we have:
ct = 9tLt  etait  ttetLt  Ttct  <bt  btl(1+rt> >

 {mt  mtl (1Jtt) }  (bo +mo)rt , which yields (8) if substituted in
)7) .
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When trips to the bank are costless (a = 0), the maximum level of

social wel fare is : v(0) . I now show that this level can be achieved in

any economy.

Proposition 1; v(OC) £ v(0) ; for all0C£ 0.

The outline of the proof is as follows. When a = 0, there is no

need for money. The public sector may therefore set the price of holding

money yt = <*> for all t. I use F = <*> for the sequence (Yt =oo}  and

write the public sector's problem as:

)81) v(0) = maxQ/W X^wcfvtMQ.W,",!))

s.t. Gt = 8tLt(Q,W,oo,0)  ct(Q,W,',0) .

I use Q* = Uqt/q1)*}~=1, and W* ={ (wt/q1) *}~=1 to denote a

solution to {8 .(י

We now turn to the case a > 0 and consider the case in which the

public sector sets: nt = rt = p for allt . In this case, yt = 0 for all
t and therefore individuals will borrow enough money at t  0 (and no

bonds !) so that i = 0 for all t. When 7lt = rt = p, (Dt/D!)  pt"1 and,

using the Lemma, the budget constraint is:

)9) X~=1 PMl + Tt)c£  2~=1 Pc(l  Tt)e£l£.

The relative prices are now:

)10) wt/q! = (P*1) (1  xt)/(l + T!);
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And

(11) qt/q1 = (pt1) (1 + Tt)/(1 + T!) .

The public sector can choose:

)1 + Tt)/(1 + Tx) = (qt/q1)VPt1 and (1  Tt)/<1 + T!) = (wt/qxlVpt1 for

all t . This choice implies the same relative prices as the solution to

)8 ' ) , and therefore the same level of social welfare. This completes the

proof.

We may think of the relative prices at time t as policy targets

and the parameters (Dt, Tt, Tt) as policy tools. There are more tools

than targets and therefore imposing rt = p and (Dt/D!) = Pt1 does not

restrict the choice of relative prices.9

We have shown that the best outcome for a frictionless world can

be achieved even in the presence of frictions. I assume that adding

frictions does not improve matters and therefore: v(cx) = v(0). Under

this assumption,

Corollary1 : There exists a solution to (5) in which Tij. = rt = p for

all t.

Note that the gross real rate of return on money

9 Note that when y = 0 and the consumer budget constraint is(9) , an

increase in consumption tax by x!ef in all periods which is followed by
an x# reduction in income tax in all periods, is neutral.
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(1  nt+1) = (1 + Tt)x(l + p)x(l + Tt+1)1 will fluctuate in the proposed

solution. Such fluctuations are necessary to change consumption in

response to an increase in government spending. I elaborate on this
point later.

Differentiating between the central bank and thegovernment : We have

treated the public sector as a single entity. I now distinguish between

the government and the central bank. I assume the optimal policy

)71^ = rt = p) and therefore no bonds . Money is issued by the central
bank which treats the government in the same way it treats individuals:

n

At t = 0, it offers the government itu units of real balances for
g eointerest payments : {pm_ }.. . To simplify, I assume that the government

chooses the initial amount of money to ensure that the cashinadvance
qconstraint (m. 5 0) is not binding, and therefore after t = 0 the

central bank does not issue more money.

The accumulation of government assets at the central bank is given

by:

(12) mf mtl(1+P> = Tt0cLt + TtctGt  pm|.

At the proposed optimum, the accumulation of real balances by the
pprivate sector (m.) is equal to the government deficit minus the

interest payments to the central bank on the initial loan10 :

10 This can be derived by substituting b = 0 and  nt = rt = p in
constraint (6).
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(61 ) m^  m^_1(l + p) = Gt  TtetLt  Ttct  pn\g.

Adding (6') and (12) leads to:

(13) mt  mt_1(l + p)  pmQ = 0,

g pwhere m = m +m . Since (13) holds for all t we must have:

* *

(14) mt = mQ.

Thus,

Proposition 2: When only money is used, both the private sector demand

for money and the government demand for money fluctuates but aggregate

demand over both sectors is stable.

To build some intuition I use (13) and (14) to get:

(15) m£  m^_1=(m^  m^_1).

Thus, the increase in the private sector's holdings of real balances is

equal to the decrease in the government's holdings of real balances.

Let P denote the producer dollar price of a unit of consumption.

Thus, m* = M*/P. Since m* does not change over time:

dln(M*/P)/dt = dln(M*)/dt  dln(P)/dt = 0. Since  dln(P)/dt = p, it
follows that dln(M*) /dt = p. This is true for any level of consumption

tax including T =0. Thus,
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Corollary 2 : When only money is used, M* declines at rate p.

Note that the rate of change in M* is independent of the rate of

growth in the economy. This is because at the optimum, the aggregate

demand for money (m*) does not depend on income: Agents {government and

individuals) do not economize on the use of money and hold an amount

that will bridge any future gap between expenditure and receipts.
The proof of the Lemma can be used to show that (12) implies:

)16) I~=1 PcGt = I~=1 P^MtLt + Ttct) .

Thus,

Proposition3 : Money creation is not used to finance government

expenditure: The revenue from initial money creation is used to finance

the subsidy on holding real balances (the negative inflation tax).

Corollary 2 and the Proposition follow directly from the

institutional arrangement: The central bank destroys the revenue from

the initial creation of money (pm ) . Note also that the capital gains on

real balances are used to finance the interest payments, pm .

INITIAL NOMINAL WEALTH

Under perfect commitment, the assumption of zero initial private
holdings of nominal assets is rationalized by Chari, Chris tiano, and



18

Kehoe (1993) in the following way. If the initial stock of nominal

assets held by the consumers is positive, welfare is maximized by

increasing the initial price level to infinity. If the initial stock is

negative, then welfare is maximized by setting the initial price level

so low that the government raises all the revenue it needs without

levying any distorting taxes. Therefore, the only interesting case is

when initial private holdings of nominal assets is zero.

When trips to the asset market are costless, a policy of having

high inflation initially and then deflating at the Friedman rate can be

made time consistent by carefully managing the government debt . 1X This

requires that individuals will change the portfolio of real (indexed)

and nominal government debt so that the net nominal debt is always zero.

See Lucas and Stokey (1983) , and Persson, Persson and Svensson (1988) .

When trips to the asset market are costly, as in the BaumolTobin

framework used here, managing the national debt requires real resources,

because individuals must keep going to the asset market and change their

portfolios of government bonds.

Since the commitment mechanism of constantly managing the

government debt is costly, the government may use reputation as a

commitment device. In all models of reputation, the past behavior of the

government is important in determining public expectations about future

government actions. Therefore, high initial inflation is likely to erode

the reputation of the government. But this does not necessarily change

the main result.

^ It is assumed that the government can commit to not reneging on its
debt obligations.
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I now use the idea in Barro and Gordon (1983) to specify a

reputation enforcement mechanism that impose restriction on the regime

change. The regime change is announced at the beginning of period 0

before the beginning of trade for this period. To simplify, I assume

that before t = 1, there are no consumption taxes.

At the time of the regime change, the public has expectations

about the entire path of future rates of change in consumer prices.

These expectations are denoted by {II }. ",where the superscript e_ 1

denotes expectations at t = 1 . It is assumed that the public does not

like an announced inflation rate which is higher than expected. Whenever

this happens ,, the public expects an infinite inflation rate. These

expectations are selffulfilling: If all agents expect that money will

be useless, no one will accept it, and it will be useless. The main

results do not depend on the extreme " puni shment " assumed here.

Let the announced new policy with respect to the rate of change of
* ooproducer prices be {II }._. I assume that expectations after the

announcement are determined by:

)17) <ntO}t=O = {II*)"=0 if II®1 2: II* for all t.
Otherwise,II 0  <*> for all t.

If there are no more policy announcements after t = 0,

expectations at t > 0 are determined by comparing actual inflation, IIt,

to the expected value. Here any deviations from the announced policy is

interpreted as a loss of control and is therefore "punished". Thus,
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(18){Di }7=t ={ni }iU if n^1 = nt for all t.
Otherwise,n, t = oo for alli>t .

1

The general idea is similar to the one in Barro and Gordon (1983) . The

difference is that here the public punishes the policy maker for

unexpected bad news even if this is announced ahead of time. It is

assumed that the inflationary expectations at t = 1 are sufficiently

high, and the punishment of infinite rate of inflation (reverting to a

barter economy) is sufficiently strong to make the central bank choose

rates of inflation which are less than expected at t = 1.

To avoid punishment, while at the same time minimizing the real

value of initial privatelyheld nominal assets, the central bank

announces:

>19< no = "o

Since beforet= 1 there are no consumption taxes, 7t = FI . The

real value of the initial nominal asset held by individuals at t = 0 is

denoted by mnb" = mnb(1  it ) , where mnb stands for money not

borrowed. Given (19) , mnb" can be treated as an exogenous variable.

To facilitate the adjustment to the new steady state, the central

bank lets individuals borrow and lend. The amount the consumer borrows

from (or lends to) the central bank is denoted by mbQ. Thus while the

consumer's total holding of real balances at t = 0 is

mQ = mnbQ + mb", he pays interest only on mbQ. The proof of the Lemma

can be used to show that the budget constraint is now:
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(20) I~=1 Dtd + Tt)cJ  mnbj +

X~=1 Dt{(l  tt)6^[L^  <xi£]  ^_^rt + 1tt))

Note that mn.bQ is the present value of the interest payments rtarnbQ

which the consumer is now exempt from paying.

But since the magnitudes mnbQ are exogenous from the point of

view of the policy maker at t = 0, the proof of Proposition 1 goes

through: It is possible to achieve the best outcome in a hypothetical

frictionless economy (v(00 £ v(0) ) , also in this case.

WHAT PRICE INDEX SHOULD BE TARGETED?

In general it is not feasible to smooth all relative prices. I
will show, by an example, that it is not optimal to smooth the relative

price of current consumption in terms of consumption in other dates.

This means that at the optimum the rate of change in consumer prices

fluctuates: Only the rate of change in producer prices is smoothed.

To illustrate, I assume a temporary increase in government

spending at time t which is financed by an increase in consumption tax:

consumption tax is T for all periods other than t and T + x in period

t . The real rates of return on money, the prices of current consumption

in terms of next period's consumption, are:

)1  IIt) = (1 + T)x(l + p)x(l + T + x)1 >(1+ p) and

)1  Ilt+1) = (1 + T + x)x(l + p)x(l + T)1 <(1+p) . This implies that

nt > p and IIt+1 < p. Thus, the rate of change in consumer prices

will go up between time t  1 and time t and will down between time t

andt+ 1 .
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I now turn to demonstrate by an example that smoothing the

relative price of current consumption is, in general, not optimal and

smoothing tax distortion does not imply smoothing taxes. The example is

based on example 3 in Lucas (1986) and example 4 in Lucas and Stokey

)1983) .

An example: I assume a representative agent and no fluctuations in

productivity: 8=1 for all t and h. Government expenditure are g > 0,

at t = 1 and zero in all other periods. Figure 1 illustrates the

possibility of using income tax only and insisting on a, balanced budget

in all periods. The composite consumption good is on the horizontal

axis, leisure is on the vertical. If we can tax both leisure and goods,

or if equivalently lump sum taxes are possible, E can be attained. With

a tax on labor income, equilibrium occurs at a point like A.

leisure

I \ \
1g 1 goods

Figure 1

To simplify, I assume that the deadweight loss of taxation is the

square of the distance between the actual allocation and the first best
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allocation. I assume that the public sector minimizes the present value

of the deadweight losses and that p is arbitrarily small. Under this
assumption, it is not possible to do better than choosing relative
prices which will make the representa t ive agent choose points which are

arbitrarily close to the first best in all periods: a point which is

arbitrarilyu close to E= (c"1, 1Lj)att= 1 and points which are

arbitrarily close to B = (c, 1L), at t > 1 . I show that these

allocations can be achieved.

To achieve an allocation which is close to the first best in all

periods, the government must keep the real wage close to unity for all

periods and make consumption at t = 1 expensive relative to consumption

in other periods.

I start by treating the consumption tax at t = 1 (T1) as given,

and set:

)21) Tt = 0 and and xt = p(g/L)T1; for allt> 1,

)22) T! = TX + p(g/L!)T1.

Because p is small, the real wage in terms of current consumption,

)1  Tt ) / ( 1 + Tt), is close to unity for all t. Given that the real

wage is close to unity in all periods, we have to find a way to convince

the representative consumer to consume lessatt= 1 . To do this we

choose T1 that satisfies the first order condition:

)23) uc(c!, L1)/uc(c, L) =(1 + Tx) .

Note that the government runs a primary deficit gT1  pgTx at
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t = 1 and then runs a primary surplus of pgTi at t > 1 . I assume that

initially individuals do not have any assets. The financing is done in

the following way. The government borrows gT1 from the central bank. The

representative agent does not borrow anything. At t = 1 , the government

pay the agent gT^  pgT^ and use the remaning balances in its account

)pgTi) to pay interest on its initial loan. The central bank burns this

interest payment. As a result the amount of real balances held at the

end of period 1 by the agent (evaluated at period 1's producer's price)

is gT1  pgi"! and the amount of real balances held by the government is

zero. Next period, at t = 2, the producer's price goes down and the

agent 's real balances becomes gTj . The agent pays pgi"! as taxes . The

government uses these taxes to pay the interest on its debt. The central

bank burns the interest payment. At the end of period 2 the amount of

real balances held by the agent is again gTx  pgTi and the amount of

real balances held by the government is again zero. The price falls and

real balances held by the agent appreciate to gT1 at the beginning of

period 3. He pays taxes and the government transfer the tax revenue to

the central bank who burns it. This continues for ever.

CONCLUDING REMARKS

In Friedman's optimum agents are satiated with money. This paper

develops the implications of this characterization with respect to the

monetary aggregate and the price index that should be smoothed.

I take transaction costs seriously and begin by observing that if

the government chooses to use bonds for smoothing tax distortions it

forces individuals to use them as well. Since using money does not
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require trips to the bank, the government should use money rather than

bonds for smoothing tax distortions.

I show that any outcome that can be attained in a hypothetical

frictionless world in which trips to the bank are costless, can also be

attained in a more realistic world in which trips to the banks are

costly. This result is rather robust. It does not require lump sum taxes

and it holds even if initially private agents hold money and announcing

a short initial hyperinflation is prohibitively costly.

I assume that the best outcome in the hypothetical frictionless

world, is optimal also for the actual economy. To achieve this solution,

the government smooth tax distortions and private agents smooth

consumption by exchanging money. The central bank treats the government

as any other firm and target M* = money held by private agents (M) + the

money held by the government at the central bank.12

The rate of change of M* is p and the rate of change in M

fluctuates. The fluctuations in M may look like "velocity shocks" but

they are not. These fluctuations arise from the use of money as a

smoothing device: money changes hands between individuals and the

government.

At the optimum the central bank does not smooth the rate of

change in the consumer price index . This is because. the rate of return

in the economy (the rate of return on money) must fluctuate to achieve

the smoothing of tax distortions.

12 In the present system the government holds its money in the central
bank. At the optimum, when the cost of holding money is zero, the
government may use private banks for getting banking services.
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The solution I chose to. focus on provides a simple rule that
allows the public to understand and judge the public sector actions.

The central bank reduces M* at the constant rate p and producer prices

are reduced at the same rate. The government varies the rates of return

in the economy (the rate of change in consumer prices) by varying

consumption taxes. This is done to achieve market clearing in an

environment in which aggregate real income and government expenditures

fluctuate.

This policy is simple to judge. Every deviation of the rate of

change of consumer prices from its trend can be explained by changes in

the consumption tax rate. Typically, a temporary (and perfectly

anticipated) increase in government spending should lead to a

contemporaneous increase in the consumption tax rate. The need to

increase explicit taxation when government spending goes up is likely to

lead to a healthy public debate.

At the optimum the central bank treats the government as a large

private firm. In a more realistic environment in which the nominal

interest rate is positive, the government will choose to smooth some tax

distortions by changing the amount of money it holds at the central bank

and some by selling bonds. I see no reason for the central bank to

change these decisions by trying to smooth the monetary base or other

conventional definitions of money.

To illustrate, assume that the government chooses to pay salaries

at the beginning of the month in money but taxes are accumulated evenly

during the month. Without intervention of the central bank, the money

base will increase at the beginning of the month and decline during the

month. If the central bank chooses to smooth these fluctuations in the
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base, it must induce agents to buy government bonds at the beginning of

the month and sell them during the month. This can be done by lowering

the price of bonds at the beginning of the month and increasing it

during the month so that the price differences is enough to cover the

required trips to the bank. The smoothing of the base in this case will

lead to a loss of revenue from selling and buying government bonds and

to unnecessary trips to the bank.

Some elements of the institutional setup proposed here can be

found in several countries. In Israel for example, the central bank

provides a substantial loan to the private sector but, unlike the

proposal here, the interest on this loan is transferred to the

government. The proposal here requires that the interest payments will

be burned rather than used by the government.13

13 In addition to the loan provided by the central bank, the government
in Israel sells bonds to the private sector. Thus the "representative
agent" takes loans from the central bank to finance the purchase of
government bonds. This circular transaction is rather costly from the
social point of view. Direct loans from the central bank to the
government are more efficient. Furthermore, the central bank can
maintain control over the amount of direct loans to the government by
making such loans possible only at the beginning of each fiscal year
and requiring that these loans will be approved by parliament with the
government budget.
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APPENDIX 1 : THE DERIVATION OF THE RELATIVE PRICE OF CURRENT CONSUMPTION

To illustrate this point, I derive now the price of consumption at t in

terms of consumption at t + A. For this purpose, let c^, and Lt denote

the optimal consumption and labor supply which is implied by the

solution to the consumer problem (2) . I consider the following

deviations from the optimal consumption and labor supply paths:

)Al)ct= ct + dcc; ct = ct+A + dct+a

and ct+i = ct+i for alli* 0 and i * A;

Lt+i = Lt+i for all i .

Let dct+A = max{dct+As.t . (Al) and the constraints in (2) } denote

the maximum feasible change in consumption at t + A. I define the price

of consumption at time t in terms of consumption at time t + A by the

ratio | dc^^j/dc^ | . Thus, I consider an increase in consumption at time t
and ask what is the minimum required change in consumption at t + A

under the assumption that only c^ and Ct+A are changed.

In Figure Al, the bold lines illustrates the proposed deviation

from the optimal plan for money holdings (m), the amount in the savings

account (b) and consumption (c). Note that changes in assets holdings

occur between time t and t + A but not before time t or after time

t + A.
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11 tr c

b

Figure Al

t+A

To■ compute1 the relative price Idct+A/dct | I assume, as an

approximation, that the dates at which the consumer goes to the bank do

not change as a result of a small increase in consumption at time t . I .

use (1  nt;+1) = (1 + Tt)x(l  nt+1)x(l + Tt+x)1 to denote the gross

rate of return on money: 11 is approximately the rate of change in

consumer prices.

Suppose, first, that the consumer does not plan to go to the bank

between time t and t+A. In this case, an increase in ct by one unit,

will lead to a reduction in the amount of real balances by (1 + Tt)

units. After A periods, this amount can buy:

zi=(1 +Tt)x ( 1  71t+1)x(l  7ct+2) x. . .x (1  7tt+/\) units at the

producer price and

z!x(1 + Tt+ 't)1 =(1  nt+1)xa  nt+2) x. . .x (1  nt+A)

units at consumer prices. Thus,

|dct+A/dct| = (1  nt+1)x(l  nt+2) x. . .x (1  nt+A) ■

In general, suppose that the consumer plans to go to the bank many

times between time t and t+A. Let his first visit to the bank after
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time t be at t ' and his last visit before time t + A be at t ' ' . A unit

increase in ct will lead to a reduction in real balances of (1 + Tc) . At

the time of the next trip to the bank the agent will have

zi=(1 + Tt)x(l  nt+i)x(l  71t+2)x.. .x(l  71t. ) units less of real

balances. (His holdings of money at this point will be negative z!  I

allow it as an approximation). At time t' the agent will draw from the

savings account an amount of money which can finance consumption until

time t ' ' . The amount of money required is the same under both the

optimal plan and the proposed deviation in (3) . It follows that after

the withdrawl at time t' the deviation at time t will lead to less zi

units in the consumer's savings account but the same amount of money

holdings. The amount of money holdings will not change until time t'1

but at this point there will be

Z2 = Z1X(1 + rt+1)x(l +rf+2)x.. .X( l +rt. . ) units less in the savings

account . At timet ' ' the agent will draw less Z2 units of real balances

to restore the amount in the savings account to its planned level and as

a result at time t + A the agent will have

z3 = z2X(l  71t. .+1)x (1 71t..+2)x.. .x(l  crt+A) units less at t +A. To

restore his holdings of real balances to the planned level he must

reduce his consumption at this point by z3X(l + Tt+ T) 1 units. Thus, the

price of consumption at time t in terms of consumption at time t + A

is:

)A2) |dct+A/dct| = (1 + Tt)x(l  7ct+1)x(l  Jtt+2)x.. .x(l Jtt.)

x(l + rt.+1)x (1 + rt.+2)x. . .x(l + rt. . )

Xd  CTt"+l>X (1  7It.,+2)X. . .X(l + 7It+A)X(l +Tt+A)1 .
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:In terms of the rate of change in consumer prices this is

)A3) |dct+A/dct| =(1  nt+1)x(1  nt+2)x. . .x<1  nto
x(l + rt.+x)x (1 + rt.+2)x. . .x(l +rt. ■)

x(1  nT. .+1)x (1 nT..+2>x. . .x(1  nT+A) .

APPENDIX 2

Proof of the Lemma: Let A = b + m, denote total assets. Then we can

write constraint (a) in (2) as:

(Al) (1 + Tt)c£ + a£

=(1 TtJ0t ^  aicf)  rtAQ + At1(1 + rt)  mt_1(7:t + rt)

Following Barro (1984,pp. 8388) and McCallum (1989, pp . 3 6 ) I get from

thet+ 1 constraint:

)A2) At = {{1 + Tt+l>ct+i + At+1 + rt+1AQ (1  Tt+1)et+1(Lt+1  ait+1:
h++mt(7tt+1 + rt+1) }/ (1 + rt1) .

Substituting (A2) in (Al) yields:

(A3) (1 + Tt)c£ + {(1 + Tt+I)c^+1 + A^+1 + rt+1AQ 

(1  Tt+1)9t+1 (Lt+1  aicf+1) + mt(nt+1 + rt+1)}/(l + rt+1)

 d  xt)et(Lt  aicf) + rtA0 + mt_1(71t + rt) = At_1(l + rt)
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Using a similar step to eliminate A. . and so on, yields14 :

(A4) aJ} =

I~=1 Dt{(l + Tt^f + rtA0 (1  xt)9t(Lt  ccijj)  m^_1(7tt + rt)}

Since A^ = ן_ן£ DtrtA (the present value of the interest payments is
equal to the value of the asset) we can write (A4) as:

(A5) I~=1 Dt{(l + Tt)c^ = I~=1 Dt{(l  Xt)0^(L^  0ci£)  m^_1(7lt + rt<}

This completes the proof.

14 Assuming here that the present value of nit approaches zero as t > oo.
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