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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 moré real resources than smoothing by money.
At the social optimum only moﬁey is used. This can be achieved by
~contracting a mdnetary'aggreéate 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 semihars 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 day-to-day 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 set-up 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



eum taxes arevpossible and ngernment expenditures are zero. He also
abstracted from business.cyeles'end growth. In'this eﬁvironment Friedman
"arguee,for a steadytcoqtraetien'ef'the money supply (M) at the rate of
pu1 Here I show thet when‘we'take‘explicit aceount of the government
leector, M* rather than M shopld‘contfact at the rate of p.

At:the optimpm'only'ﬁoeey.is'used and the gross real rate of
return on money'ie the'pfiee of'cgrrent consumption in terms of future
-eonsumptioh. Sargent and'Waliace.(1982) argue that thie telative price
‘'should change over‘timet For example, if government expenditures are
temporefily hieh current consumption'should be made expensive relative
te pest and fﬁture censumptions and the current rate of return on money
ehould be n@de‘reiatively high.vIt is possible that changes in the
relative price of cu;rent consuﬁption will be accomplished by changes in
censumptien taxes. Therefere, under an appropriate fiscal policy the
'eentral bapk may smooth the rate ef change in producer pricdes. But in
ahy eese{ it should not attempt'to smooth the rate of change in the
consumer price index.

The paper may aleo be tead.as a contfibutien to_the growing
literature on the febestness.ofnthe optimality of zero nominal interest
- rate: The Friedman rqle. A.major.ebjection te Friedman's rule was made
by éhelpe.(l973) Who:applied.Ramsey (1927)'smoothiﬁg 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 Sidfauski (1967) Grandmont and Younes (1973), Bewley
(1980),'Townsend (1980), and Stockman (1981). This result was also

obtained in a Baumol—Tobin‘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 '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.? 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 interest-bearing 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 hyper-inflation.

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-in-advance
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 Baumol-Tobin 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 hyper-inflation 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
t

(1) yp = ’t‘

L

1

where y is the amcunt of the good produced, L is labor input and 8 is a
productivity parameter. There is no uncertainty: agent h knows the
entire sequence (92}:;1. But 02 varies over time and agents in an
unrestricted way. Therefore, aggregate income, Z§=1 yt , 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), at t = 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}:;l and supplies the entire demand for loans: If agent h takes a

loan of Ag real units he will pay the sequence {rtAg}:;l as interest.



The agent divides the initial loan from the public sector between real

balances, mg, and real bonds, bg. Thus, Ag = mg + bg.

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 O units of time to go to
the bank and change the amount of bonds held.

The public sector can levy flat-rate consumption taxes (T.) and
income taxes (t¢). Most of the literature on optimal monetary and fiscal
policy considers income tax only. Adding consumption tax is superflous
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 + T¢) 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);

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



L = labor input;
¢ = consumption;
u{c , L) = single period utility function;
m = real balances;
b = real bonds;
y = 0L = real income;
T = consumption tax rate;
T = income tax rate;
T = tax rate on real balances = the inflation rate in producers'
prices3;
r = the real intefést rate on bonds.
I assume that the public sector can perfectly commit to current
and future policies. At t = 0, it announces the sequence:
Q = (T, Te, Re, r‘:}::l'
Each consumer computes the sequence of payments that he needs to
make to the pgblic sector: (thg + Tteth + rtAg }:;1. 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 n = {/(1 + {), where {

is the discrete rate of inflation in producer prices.



Given the announced policy, agent h chooses (mg , bg) and
h . h h _h e

4.
{mt, bt' ct, Lt}t=l to solve®:
°o h h
h = t,,h
(2) uh(Q, o) = max Zt:l Btu (cp. L)
s.tC.
h h h
(a) (1 + Tt)ct + bt +mo=
h _h .h h h h
(1 - 1) [L, - @i ] + b _, (1 + re) +m (1 - M) - rehys
.h . h h ,
(b) i, = (1 if bt * bt_l(l + ry¢); 0 otherwise};
h h h h h h h
(c) Ao =my + bo; Cp. My 20, 0 < Lt < 1 and bt — 0 when t —eo,

The right-hand side in constraint (a) are all the available
resources at time t. The first term is net labor income. Note that only
L - 0i 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 ci which is followed by a reduction in cgia. The
increase in ¢, 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 prior to t + A and time t + 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.S

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.

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

(~~]

h h
(3) X .q Dell + Teleg = X

oo h _h . h
e=1 De{(1 - ’tt)Bt[Lt - alt] - mt—l(rt + M)}
where Dy = (1 + r1) 1 x (1 + ry)™1 x...x (1 + ry)"L.

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
h h . C . . . .
sector: (b0 + mo). 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 Qe = Dt(l + Tt); We = Dt(l - Tt) and ’Yt = Dt(rt + Rt)- DiVldlng

both sides of (3) by g; leads to:

=) h oo h _h .h h
(4) Tooq lac/aideg = X g (we/a)O (Lo - o] - (Ye/qi)m__q.

When o = 0, (dy/qi) is the price of consumption at time t, (w¢/qj)
is the price of leisure at time t and (Y¥¢/qi) is the price of holding
money at time t-1, all in terms of consumption at time 1. When o > 0,

these relative prices do not have a simple interpretation.$

6 In particular, (qu/q;) 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:
o0 o0 o0
Q= {ar/qal.y, W= {we/a1} oy and T = {fe/q1}_,. I use ®=(Q,W,T, )
and VP (®) instead of UR(Q,a) to denote the maximum level of utility
that consumer h can achieve given o and the sequences (Q,W,I'). I assume
. , h h h h

a unique solution to (2) and use Lt(0), Ct(°)' mt(¢), bt(¢) to denote
it.7?

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

n h_h n h
OcLy () = Zh:l OtLt(¢), ce (@) = Zh=1 ¢, (®), and so on.

I assume a social welfare function, Zg=1“WVh(¢)r where @D is the
weight of consumer h. The public sector chooses relative price targets
using Q 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):;l' Thus, the public

sector solves:

(5) V(o) = maxgu,r Iy _;@"VR(®)
s.t.
(6) Ge + bp_1(®) (14xg) + me_q (D) (1-n) =

{‘cthLt(‘D) + tht(¢)} + ([bO(d’) + m0(¢)]rt} +

{bg (@) + m (D)},

time = 1.

7 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 I 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 W/q; in (4) by (1 + T)Ym/g;, then the above change will be

neutral.
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The left-hand 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 non-interest bearing) debt from the
previous period. On the right-hand 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(d)) + (Xetit(d)) = etLt((D) .

where 00.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(o) = maxgw,r Zp_,0"E (@)

s.t. Gt = 0L (P) - cp (D) - 0Bci (D).

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 ai,. denote the aggregate
amount spent on trips to the bank. From the consumers' budget
constraint (a) in (2) we have:

Cg = Ol - Betiy - TeBcLy - Tecp - {by - bp_q(l+ry))

- {mg - me_q(1-m)} - (bp + mg)ry, which yields (8) if substituted in

(7).



When trips to the bank are costless (o = 0), the maximum level of
social welfare is: v(0). I now show that this level can be achieved in

any economy.

Proposition 1: wv(a) 2 v(0); for all a2 0.

The outline of the proof is as follows. When o = 0, there is no
need for money. The public sector may therefore set the price of holding
money Y = o for all t. I use I' = « for the sequence (Y = w}:;l and

write the public sector's problem as:

(8") v(0) = maxg,y Zy_,@"VR(Q,W,e,0)

s.t. Gt = etLt(Qlw'Nlo) - Ct(Q,W,w,O) .

I use Q" = ((qt/q1)'}:;l, and W* =((wt/q1)'}:;1 to denote a
solution to (8').

We now turn to the case 0 > 0 and consider the case in which the
public sector sets: -fy = ry = p for all t. In this case, ¥ = 0 for all

t and therefore individuals will borrow enough money at t = 0 (and no

pt-1 and,

bonds!) so that i? = 0 for all t. When -y = ry = p, (D¢/D1)

using the Lemma, the budget constraint is:

00 t h ¢ € _ h h
(9) T o_q Bt + T)cp =X g BE(1 - ) L.
The relative prices are now:

(10) we/qy = (BE1)(1 - 1) /(1 + Ty):
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(11) Qe/qy = (BE1Y(1 + T)/(1 + T1).

The public sector can choose:

(1 + Te)/(1 + T1) = (@e/qay) /B! and (1 - 1) /(1 + T1) = (we/q) “/PE1 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 (D¢, T¢, Tt) as policy tools. There are more tools
than targets and therefore imposing ry = p and (D./Dj;) = Bt-1 does not
restrict the choice of relative prices.?

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(a) = v(0). Under

this assumption,

Corollary 1: There exists a solution to (5) in which - %y = ry = p for

all t.

Note that the gross real rate of return on money

9 Note that when Yy = 0 and the consumer budget constraint is (9), an
increase in consumption tax by x% in all periods which is followed by

an x% reduction in income tax in all periods, is neutral.
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(1 - Meep) = (1 + TIX(1 + pI)x(1 + Tey1) ! 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 the government: 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

(-t = r¢ = p) and therefore no bonds. Money is issued by the central
bank which treats the government in the same way it treats individuals:
At t = 0, it offers the government mg units of real balances for
interest payments: {pmg }:;1. To simplify, I assume that the government
chooses the initial amount of money to ensure that the cash-in-advance
constraint (mg 2 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) mg - my_; (1 +p) = 8Ly + Tecg - Gp - pmg.
At the proposed optimum, the accumulation of real balances by the
private sector (mz) is equal to the government deficit minus the

interest payments to the central bank on the initial loanl©:

10 This can be derived by substituting b = 0 and - % = ry = p in

constraint (6).
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' P D
(6') mt - mt_l(l + p) = Gt - TtetLt - tht - pmg.

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

* * *

(13) M - mt_l(l + p) - prog

1l
[e=]

where mt = mg + m, . Since (13) holds for all t we must have:

(14) m_ =m,.

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 = - (mZ - m’_

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:
din(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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Corollarv 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 aggreygate
demand for mcney (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) Z°t°=1 BtG, = 2:=1 BE (18l + Tecy).
Thus,

Proposition 3: 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 (pmo). Note also that the capital gains on

*
real balances are used to finance the interest payments, pmo.
INITIAL NOMINAL WEALTH

Under perfect commitment, the assumption of zero initial private

holdings of nominal assets is rationalized by Chari, Christiano, and
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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.ll 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 Baumol-Tobin
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.

11 1t 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 {H:'l}

:;0, where the superscript e.y
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 self-fulfilling: 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 "punishment" assumed here.

Let the announced new policy with respect to the rate of change of

*

producer prices be (Ht):;o. I assume that expectations after the

announcement are determined by:

eg, _ * oo . e.1 *
(17) (Ht heeg = {nt}t=0 if Ht 2 Ht for all t.

Otherwise, Hio = o for all t.

If there are no more policy announcements after t = 0,
expectations at t > 0 are determined by comparing actual inflation, [,
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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€y €t-1, : Se-1 _
(18) {Hi e = {Hi Yo i Ht = [l for all t.

Otherwise, Hit = o for all i > t.

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 privately-held nominal assets, the central bank

announces:
* e_l
= I1 -
(19) HO 0
* *
Since before t = 1 there are no consumption taxes, no = HO. The

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

denoted by mnbg = mnb?l(l - ﬂo), where mnb stands for money not

borrowed. Given (19), mnbg 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 mbg. Thus while the
consumer's total holding of real balances at t = 0 is

h h h h

my = mnb0 + mbo, he pays interest only on mbo The proof of the Lemma

can be used to show that the budget constraint is now:
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e h h
(20) 2t=1 De(l + Te)c, = mnby +

Z:;l De{(1 - Tt)eglLE - “it] - mt_l(rt + We)).
Note that mnbg is the present value of the interest payments rtmnbg
which the consumer is now exempt from paying.
But since the magnitudes mnbg 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{0) 2 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 chaﬂge 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

M) = (1 + TIX(1 + p)X(1 + T + x)"! < (1 + p) and

(1 - Meyt) = (1 + T + x)x(1 + p)x(1 + T)"1 > (1 + p). This implies that
Ny > -p and Il¢4; < -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

and t + 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: 92 = 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

VNN

1-g

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 representative agent choose points which are ‘
arbitrarily close to the first best in all periods: a point which is
arbitrarilyu close to E= (c1, 1-L;) at t = 1 and points which are
arbitrarily close to B = (¢, 1-L), 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 (T;) as given,

and set:
(21) Ty = 0 and and 1 = p(g/L)Ty; for all t > 1,
(22) T3 = -Ty + p(g/L1)T;y.

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

{1 - t)/(1 + T¢), 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 less at t = 1. To do this we

choose T; that satisfies the first order condition:

(23) ucl(cy, Ly)/ugle, L) = (1 + Ty).

Note that the government runs a primary deficit gT; - pgT, at
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t = 1 and then runs a primary surplus of pgT; at £t > 1. I assume that
initially individuals do not have any assets. The financing is done in
the following way. The government borrows gT; 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
{pgT1) 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 1l's producer's price)
is gT; - pgT; 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 gT;. The agent pays pgT; 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 gT; - 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 gT; 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



25

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 hyper-inflation 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 1is 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 beginnihg 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 £s 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 set-up 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 ét and it 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:

(A1) Ce = ét + dCt; Ce = Ct+p + dCt+A
and Cg4i = Ceei for all 1 # 0 and 1 # A;

Lt+i = Lt+i for all 1.

Let dét+A = max{dcesa s.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 |dat+A/dct|. 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 cy and ct+p are changed.

In Figure Al, the bold lines illustrates the proposed deviation
from the optimal plan for noney 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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1

Figure Al

To: compute’ the relative price |dét+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 = IMyyq) = (1 + Te)X(1l - Mes1)X(1 + Teyq) ™! to denote the gross
rate of return on money: Il 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 c¢¢ by one unit,
will lead to a reduction in the amount of real balances by (1 + T¢)
units. After A periods, this amount can buy:
z1 = (1 + Te)X(1 - M) X(1 - My} X...X (1 - Meep) units at the
producer price and
Z9X{(1 + Tey g) 7% = (1 = TMee1)X(1 = Meap) Xo.oX (1 = IDe,p)
units at consumer prices. Thus,
|dce.a/dee| = (1 - Hea)X(1 - Thgyp) X...X (1 - Me,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 cp will lead to a reduction in real balances of (1 + T.). At
the time of the next trip to the bank the agent will have

z3 = (1 + Te)X(1 - Rea)X(L - M) X .X(1 - W) 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 Z7
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''
but at this point there will be

Zy = 21X(1 + Teo)X {1 + Xeow)X. .. X{(1 + reo) units less in the savings
account. At time t'' the agent will draw less z; 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 = ZX{l - Mg oy 1)X (1 = Weoy2)X. 0. X({1 - We,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(l1 + T, ¢)~! units. Thus, the
price of consumption at time t in terms of consumption at time t + A

is:

(A2) |dCesa/dee| = (1 + Te)X(1 = Meaq)X(L = Meaz)X...X(1 - Tg:)
X{1 + Teog1)X (1 + Teog)XoooX(1 + reen)

X(l - 1tt-¢+1)>((1 - ntn|+2)x...x(l + nt+A)x(1 + Tt+A)—l.
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In terms of the rate of change in consumer prices this is:

(A3) lacesa/der| = (1 - Theap)X(1 - Meap)X...x(1 - i)
X(1 + Teop1)X (1 + reeg2) X X(1 + xeo)

X(1 - Ipeiy1)X (1 = Tpevgo)d X X (1 - Tlpep) -

APPENDIX 2

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

write constraint (a) in (2) as:

h h
(A1) (1 + Tt)ct + At
h h .h h h h
= (l - Tt)Bt(Lt - alt) - rtAO + At_l(l + rt) - mt_l(Tct + I't) .

Following Barro (1984, pp.83-88) and McCallum (1989, pp.36) I get from

the t + 1 constraint:

h h

h .
(A2) Ag el T Hegn!

. h h h h
= ‘(1 + Tt+1)ct+l + At+l + rt+lA0 - (1 - tt+l)et+l(L

h
+ mt(nt+1 + rt+1)}/(1 + rt+1).

Substituting (A2) in (Al) yields:

h h h h
(A3) (1 + Tt)Ct + {(1 + Tt+1)Ct+1 + At+1 + rt+1A0 -
h h . h
(1 - Tt+1)e't+l(Lt+1 - 011t+1) + mt(‘nt+1 + rt+1)}/(1 + rt+1)

h
+ rtAg + mt_l(nt + re) = Ah (1 + ry)

h, _h .h
- (1 - xt)et(Lt - od £-1

)
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. - .. h ,
Using a similar step to eliminate A and so on, yieldsl4:

t+1
(A4) Ag =
h h h .h h
Z:;l De{(l + Tele, + redy - (1 - Tt)ez(Lt -oiy) -m g (M + ore)).

h . ,
Since Ag = Z:;l DtrtAO (the present value of the interest payments is

equal to the value of the asset) we can write (A4) as:

h

oo h 00 h .h h
(A5) Zt:l De{(1l + Tele, = hX ¢(Lp -~ o) - m_(me + xre)).

=q Del(l - )0

This completes the proof.

14 Assuming here that the present value of m. approaches zero as t -joo.



33

REFERENCES

Aiyagari, Rao.S. and Eckstein, Zvi. "Interpreting Monetary Stabilization
in a Growth Model with Credit Goods Production" Tel Aviv

University W.P. #8-1994, March 1994.

Barro, R.J. "On the Determination of the Public Debt" Jou o}

Political Economy, 1979, 87, 940-71.

“Reputation in a Model of Monetary Policy With Incomplete

Information" Journal of Monetary Economics, 17 (1986) 1-20.

Macroeconomics, New York: John Wiley and Sons Inc. 1984.

and Gordon, David B., "Rules, Discretion, and Reputation in a

Model of Monetary Policy" Journal of Monetary Economics, (1983)

101-120.

Baumol, W, J., "The Transaction Demand for Cash: An Inventory Theoretic

Approach" Quarterly Journal of Economics, 66 (November 1952):
545-56.

Bewley, Truman, "The Optimum Quantity of Money". In Models of Monetary
Ecoriomies, edited by John, H. Kareken and Neil Wallace.

Minneapolis: Federal Reserve Bank, 1980.

Braun, Anton, R. "How Large is the Optimal Inflation Tax?" Journal of

Monetary Economics, 34 (1994) 201-214.

Bryant, John and Wallace, Neil., "The Inefficiency of Interest-bearing
National Debt" Journal of Political Economy, 1979, Vol. 87,

no.2, 365-381.



34

Chari, V.V., Lawrence J. Christiano and Patrick J.Kehoe "Optimality of
the Friedman Rule in Economies With Distorting Taxes" July 1993,

Minneapolis Federal Reserve Staff Report # 158.

Clower, Robert W., "A Reconsideration of the Microfoundation of Monetary

Theory" Western Economic Journal, Dec. 1967, 6, 1-8.

Gillman, Max. "The Welfare Cost of Inflation in a Cash-in-advance

Economy with Costly Credit" Journal of Monetarvy Ecopnomics, 31
{1993) 97-115.

Grandmont, Jean-Michel, and Younes, Yves. "On the Efficiency of a

Monetary Equilibrium" Review of Economic Studies 40 (April
1973): 149-65.

Grossman, S. and Weiss, L. "A Transaction-Based Model of the Monetary

Transmission Mechanism" The American Economic Review, Vol. 73,
no. 5 (Dec. 1983): 871-881.

Friedman, Milton. The Optimum Quantity of Money and Other Essayvs,
Chicago: Aldine 1969.

Jovanovic, Boyan, "Inflation and Welfare in the Steady State" Journal of
Political FEconomy, June 1982, 90, 561-77.

Kimbrough Kent, P. "The Optimum Quantity of Money Rule in the Theory of

Public Finance" Journal of Monetary Economics, 18 (1986) 277-
284.

Kydland, Finn E. and Edward C. Prescott, "Rules Rather than Discretion:
The Inconsistency of Optimal Plans® Jo al o olitic c

85, June 1977, 437-91.

Lucas, Robert E., Jr. "principles of Fiscal and Monetary Policy" Journal
of Monetary FEconomics, 1986, Vol. 17, 117-134.



35

and Stokey, Nancy L. "Optimal Fiscal and Monetary Policy in an

Economy Without Capital" Journal of Monetary Economigs, 1983,
Vol. 12, 55-93.

McCallum, B. T., Monetary Economics, Macmillan, 1989.

Persson Mats, Persson Torsten, and Svensson Lars E.O. "Time Consistency

of Fiscal and Monetary Policy" Econometrica, 55 (1988) 1419-

1432.

Phelps, E.S., "Inflation in the Theory of Public Finance" Swedish

Journal of Economics, 1973, 75, 67-82.

Ramsey, F.P., "A Contribution to the Theory of Taxation" Economigc
Journal, 1927, 37, 47-61.

Sargent, Thomas, J. and John and Wallace, Neil., "The Real Bills
Doctrine versus the Quantity Theory: A Reconsideration" Journal
of Political Economy, Dec. 1982, Vol. 90, no.6, 1212-1236.

Sidrauski, Miguel, Inflation and Economic Growth" Journal of Political
Economy, Dec. 1967, 75, 798-810.

Tobin, J., The Interest Elasticity of the Transactions Demand for Cash"
Review of Economics and Statistics, 38, no.3 (August 1956): 241-

47.

Townsend, Robert M. " Models of Money with Spatially-separated Agents"
In Models of Monetarv Economies, edited by John, H. Kareken and

Neil Wallace. Minneapolis: Federal Reserve Bank, 1980.

Woodford Michael. "The Optimum Quantity of Money" in Benjamin M.

Friedman and Frank H. Hahn eds. Handbook of Monetary Economics,
Vol.2, 1068-1152. Elsevier Science Publishers B.V. 1990.



36

77702 DYIDRDT DNTT
R. Melnick and Y. Golan - Measurement of Business Fluctuations in Israel.

P2 DIMID PR3 0w nvhY Y aptmRacT - 0T ¥, [YOVOLR LY
.N1°D1¥3°3 NIRRT

M. Sokoler - Seigniorage and Real Rates of Return in a Banking Economy.

E.K. Offenbacher - Tax Smoothing and Tests of Ricardian Equivalence:
Israel 1961-1988.

nawa »"nva3 % Yw apsoyna qwcbp - L,v0p (92°%p) L3 L,3% Lp L, LA
.1 onbwon nobnay a7osw v ovvara ok 1990

(NYM12%% NDIYRI B°93WNY DYILITY 872 12 DYWD - LOKDT .7, JBDIT X
L1990 v 1974 pv3w3 Q'RDYI W

M. Beenstock, Y. Lavi and S. Ribon - The Supply and Demand for Exports
in Israel.

R. Ablin - The Current Recession and Steps Required for Sustained
Sustained Recovery and Growth.

n3ama 120y Yw nyeboba-vapnn ndbean - 1w (1°317) WY L prapan L3
iy Ak

M. Beenstock - Business Sector Production in the Short and Long Run in
Israel: A Cointegrated Analysis.

L1PNYP9230 OTBAR - L, NTPY LY, 113 LK
LNOYROR AwYNa amiava mby - (M3°5p) vop .3 L,abe Lp
A. Marom - The Black-Market Dollar Premium: The Case of Israel.

A. Bar-Ilan and A. Levy - Endogenous and Exogenous Restrictions on
Search for Employment.

M. Beentstock and S. Ribon - The Market for Labor in fsrael.

X571 Ypwn Tam3 N30 9D Y NYILTIMA NINIYIHR NYDYR - ,BYYpYR LT
.1990 7y 1986 Tiny

91

91

91

91

91

91

91.

91

91.

91.

91.

91.

91.

91.

91.

.01

.02

.03

.04

.05

.06

.07

08

.09

10

11

12

13

14

15

16



37

C02awb YRR pwen 12y IMF-n Yw oURpocba mnTn T navna - L, 1T L»

.1990 1y 1964

. Bar Efrat - Interest Rate Determination and Liberalization of

International Capital Movement: Israel 1973 - 1990.

. Sussman and D. Zakai - Wage Gaps between Senior and Junior

Physicians and Crises in Public Health in Israel, 1974-1990.

.1989 1y 1965 ,%x7w>2 mvayn midwn nynnenn - 1N0Y LY LB L%

. Liviatan - The Impact of Real Shocks on Fiscal Redistribution and

Their Long-Term Aftermath.

. Bregman, M. Fuss and H. Regev -~ The Production and Cost Structure

of the Israeli Industry: Evidence from Individual'FiRm Data.

. Beenstock, Y. Lavi and A. Offenbacher - A Macroeconometric Model

for Israel 1962-1990: A Market Equilibrium Approach to
Aggregate Demand and Supply.

.70 pw? SwTIN YT - L, 1Pava Lo

. Melnick - Financial Services, Cointegration and the Demand for

Money in Israel.

177 7°°03933871 Yw *pI3wTn ©OYODA PY JNYBWRY pIRY NYvHR - 173 .»
LWIIRT 1T

.730°1% nIvvd YW n1anonn DR BY°¥2PN DAY - L2357 LY

. Melnick - Forecasting Short-Run Business Fluctuations in Israel.

. Flug, N. Kasir and G. Ofer - The Absorption of Soviet Immigrants

into the Labor Market from 1990 Onwards: Aspects of
Occupational Substitution and Retention.

.n2m *n%an NR A% :0YYav o°vInIIMm nvd - y JRURTD .1, VIR LR

92.

92.

92

92.

92.

92

92.

92.

92.

92.

92.

.01

02

03

.04

05

.06

07

.08

09

10

11

12

.13

14



38

B. Eden - How to Subsidize Education and Achieve Voluntary Integration: 93.01
An Analysis of Voucher Systems.

. (1988 7y 1958) YR>3 SpoYN MWPDA NNMY CBTIA - L,01MW X , 373 Xk 93.02
.9330Y°3 DYOR Dnn nobobo nnvmy - L7 .» o 93.03

LIZPR MR - N3N 30 Yy Yw o apsoyna awebp - vop(navhp) L3 Lave .p 93.04
7n°%5%5 nanndna® nYvaonR NPAtRNa 1101w 172 NI mvp oXd - L (AT .p 93.05

SR S mpen

(9R@°% nrawn A00%Y Yo n1vvaba-rapen ndbwan - 1w LY ,phapn . 93.06
0TI A3YR3Y 10TY

A. Arnon, D. Gottlieb - An Economic Analysis of the Palestinian Economy: 93.07
The West Bank and Gaza, 1968-1991.

197 1T Y3 Y DURIN3 ARTHYY T7AR - LIP3 ,Tm LY ,phaspan L 93.08
.0oYYNI NYIY nYwRIa SR avebyia Ya inYbocwn snba

K. Flug, N. Kasir - The Absorption in the Labor Market of Immigrants 93.09
from the CIS - the Short Run.

R. Ablin — Exchange Rate Systems, Incomes Policy and Stabilization 94.01
Some Short and Long-Run Considerations.

B .Eden - The Adjustment of Prices to Monetary Shocks When Trade is 94.02
Uncertain and Sequential.

.1'ApYY NODIIMIT hYIANA - L, 1y .p 94.03

K. Flug, Z. Hercowitz and A. Levi - A Small-Open-Economy Analysis of 94.04
Migration.
R. Melnick and E. Yashiv - The Macroeconomic Effects of Financial 94.05

Innovation: The Case of Israel.
ORI YN0 230 DYTIYTH - L PDAY XL L1 LPrapan . 94.06

Mavmmn nubnn ni3vna (patven nann® pb1 priswa novas mond oY YN - L0732 X 94.07
9393 7707 9732 RSN MBS PR DYIT0NN NO7YM DY 0vopocy o*haan Yy

.NY0337 NIpYnnaY népan vnba mbsyp L nvbobs anmewx - L7 . 94.08



39
A. Blass - Are Israeli Stock Prices Too High?
L1777 ©Y30webpn ORI 173 MR YXOXILID - ,ub33%Y '3, 113 LK
JPRWw32 no%oYs Ann¥Y *712337 MVPOR 27PN - L, OPDIY X300 L» , 11T LD
LOPOYT IR0 0N I W PINY N - vop (M2vHR) L) L,ave P
B. Eden - Inflation and Price Dispersion: An Analysis of Micro Data
. 19900% NIXPHAAR NISAY NTAVID NIADH PRS2 7°01D7 NI W - P3O0 LR
DYDY YYD DU RIMRDOND SIRIVID IR IDYAN WY - NoD .Y, LY

B. Eden - Time Rigidities in The Adjustment of Prices to Monetary Shocks:
An Analysis of Micro Data.

0. Yosha - Privatizing Multi-Product Banks.

94.09

94.10

94.11

94.12

94.13

94.14

9.15

94.16

94.17



