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Abgtract

Friedman's (1960) proposal to pay interest on (required) reserves is
considered in a setting that eliminates the indeterminacy discussed by Sargent
and Wallace (1985). 1In an overlapping generations model where the real rate
of interest is technologically determined, it is shown that payment of
interest on reserves results in a determinate steady state equilibrium.
However, interest payments on reserves reduce the steady state welfare of all
young agents. Moreover, the payment of interest on reserves often creates a
different indeterminacy. It is shown that, for many economies, paying
interest on reserves results in the existence of stationary sunspot

equilibria, even if such equilibria cannot exist when reserves earn less than

market interest rates.






A classic question in monetary economics concerns whether "money and
credit markets should be separated” via legal restrictions. Or, put
differently, the question asks whether private agents should be prevented from
issuing close money substitutes.1 Advocates of the view that money and credit
markets should be separated have often argued that a failure to do so opens an
economy to the possibility of "excessive fluctuations" in the price level, and
to the possibility of price level indeterminacy as well.2

Recent developments in monetary economics permit this argument to be
re-interpreted and re-examined in a way that is faithful to many proposals in
favor of legally separating money from credit markets. In particular, the
development of models displaying sunspot equilibria3 provides a way of
thinking about price level indeterminacy and excessive fluctuations in the
price level that is consistent with the arguments advanced in favor of various
legal restrictions on liability issues. For instance, the advocates of Peel's
Bank Act of 1844 quite clearly were concerned about the possibility of
cyclical fluctuations driven by expectations if money and credit markets were
not separated.‘ They equally clearly believed that a legal separation of
money and credit markets could prevent such fluctuations. Thus models of
sunspot equilibria are appropriate to use in analyzing whether economies with
no legal restrictions are open to possible indeterminacies (sunspot
equilibria), and whether appropriately structured legal restrictions can
eliminate these indeterminacies and hence preclude the possibility of
excessive fluctuations in the price level.

One of the most widely discussed legal restrictions in this context is

the imposition of 100% reserve requirements. This legal restriction has been



re-examined in recent literature by Sargent and Wallace (1982) and Smith
(1988). Both of these works constructed environments in which the 100%
reserve proposal eliminated the possibility of "excessive fluctuations" in the
price level. However, it was also the case in those examples that the
imposition of a 100% reserve requirement had no obvious welfare justification.
The fact that the imposition of 100% reserve requirements alone might
have adverse consequences was, of course, noted by Friedman (1960), and
presumably motivated his proposal that interest (at market rates) be paid on
reserves. This addition to the 100% reserve proposal seemed to Friedman
(1960, p.72) "to improve greatly the attractiveness of the 100% reserve
plan.” Moreover, Friedman also advocated that interest be paid on reserves
(at market rates) even if reserve requirements were something less than 100%.
This paper undertakes an analysis of Friedman's proposal to pay interest
on reserves. In doing so it uses a model similar to that employed by Sargent
and Wallace (1985) to analyze the same proposal. However, the model here
differs from that of Sargent and Wallace in that it presents agents with a
productive investment opportunity. In the model below this permits real
interest rates to be technologically determined, thus avoiding the
indeterminacy of equilibrium problem analyzed by Sargent and Wallace.5 Thus
the model produces a determinate steady state equilibrium. The model is then
used to ask two questions:
(a) does the payment of interest on reserves improve welfare in steady state
equilibria?
(b) does this proposal achieve its intended affect of preventing price level

indeterminacy and excessive fluctuations in the price level?



The answer to both questions is no. 1In response to question (a8), it
will be shown that paying market interest rates on reserves makes all young
generations worse off than the payment of zero nominal interest on reserves.
In response to question (b), it will be shown that, despite the existence of a
determinate steady state equilibrium, the payment of interest on reserves can
open the economy to the possibility of stationary sunspot equilibria. 1In
particular, economies that have unique stationary equilibria if no interest is
paid on reserves can have multiple stationary sunspot equilibria under a 100%
reserve regime with interest paid on reserves. Thus there is no sense in
which Friedman's proposal has desirable consequences.

The paper proceeds as follows. Section I discusses a model with
productive storage and reserve requirements in which interest is not paid on
reserves. Section II introduces interest payments on reserves (at market
rates) that are financed by taxation. The welfare consequences of paying
interest on reserves are analyzed. Section III discusses stationary sunspot
equilibria under the two different set-ups. The model is structured in such a
way that there are no stationary sunspot equilibrias if interest is not paid on
reserves. Stationary sunspot equilibria can exist when interest is paid on

reserves, however. Section IV concludes.

6
1. A Reserve Requirement Economy With No Interest Payments

The model consists of an infinite sequence of two period lived,
overlapping generations. Time is indexed by t=1,2,... At t=1 there is a set
of initial old agents, endowed with a per capita stock of fiat money of M=1
units. The per capita money supply is constant through time. Also, at t > 1

there is a set of young agents, all of whom are identical. All generations



have equal numbers of agents. Young agents have the utility function U(cl) +

V(cz), where cj is age j consumption; j=1,2. It is assumed that U', V' > 0,

U" < 0, V" < 0, and that

cvi(e)
(1) —m—>-1
Vi(e)

Vece€ R+, which is the consumption set at each date. Each young agent has an

endowment y > 0 of the single consumption good when young, and agents have no

endowment of the good when old. Finally, there is a storage technology. One

unit of the good stored at t returns x > 1 units of the good at time t + 1.7

Behavior of Young Agents

Let kt denote the quantity of the good stored by young agents at t, and

let z, denote their holdings of real balances. All young agents face the

reserve requirement z, > A kt' Throughout the focus will be on equilibria

t
8
in which this legal restriction is binding. Finally, let Py denote the time

t price level.

Taking the price level sequence {pt} as given, young agents at each

date t choose z, and kt (kt > 0) to solve the problem
U + V
max (cl) (cz)

subject to

(2) c. +k +z =y



Noting that the focus is on equilibria where (4) is binding, this problem can

be transformed as follows. Let Qt denote total savings of a young agent at t;

Qt = (1+X)kt. Then young agents can be viewed as solving the problem

max U(y-Qt) + Vilex + (1-¢)

1Q }
QtE [0, y) Qt

P
t+l

where ¢ = (1+X)—1. This problem has associated first order condition

P P
t

t
(5) U'(y-Q ) = [¢x + (1-¢) ] V' {léx + (1-¢) —I]Q }.
t P P t
t+l t+1
pt
Defining Rt = éx + (1-¢) , (5) implicitly defines a savings function
pt+1
Q =f(R ). From (5)
t t
c V(e )
2 2
Vi(c ) [1 +
2 V'(cz)

(6) f'(R) =

v
(=]

2
~U"(c ) - R V'(c )
1 t 2

VR, by the assumption of equation (1). The behavior of young agents is

completely summarized by the function f(R).



Equilibrium
An equilibrium is a pair of sequences {Qt} and {pt} satisfying

equation (5), z, = kkt = [k/(1+k)]Qt, and the money market clearing condition

t

(6) 1/pt =z = [k/(1+k)th

for all t > 1, Substituting (6) into (5) yields the equilibrium law of

motion for Qt:

Q
t+1
(7) U'(y-Q ) = [¢x + (1-¢) ~——] V'[¢xQ + (14)Q 1; t > 1.
t Qt t t+1

This economy has a unique steady state equilibrium value of Qt' denoted

6. This value satisfies the condition

(8) U'(y-Q) = (4x + 1-¢)V' [(¢x + 1-4)Q].

The steady state equilibrium level of utility for all young agents is

U(y-Q) + VI(¢x + 1-4)Q].

II. Interest on Reserves

In this section an equilibrium is derived when reserve holdings earn the
market rate of return x. Two comments are in order before setting out the
model, however. First, the only alternative asset to money here is storage.
Since Friedman's proposal involves paying interest on reserves equal to short
term market rates, it may seem odd to have the government pay interest on
reserves equal to the return on storage. However here all assets must have

the same maturity, and Friedman's proposal clearly requires that the



opportunity cost of holding reserves be zero. Hence faithfulness to
Friedman's proposal requires reserves to earn the real return x. Second, it
is well known that if all reserve holdings earn market interest rates, there
is a problem with obtaining determinate equilibria. Hence interest is paid
here only on required reserve holdings. According to Sargent and Wallace
(1985), "folk wisdom” then asserts the existence of a determinate

equilibrium. It will be seen that this wisdom is false, despite the fact that
the indeterminacy problem discussed by Sargent and Wallace (1985) is avoided
here. Finally, in this section only deterministic equilibria are considered.

A discussion of stationary sunspot equilibria is deferred until Section TII.

Behavior of Young Agents

The economic environment is as discussed above, except that (i) all

savings earn the "market"” real return x (which exceeds pt/pt+1 by assumption)

and (ii) interest payments on reserves are financed by a lump-sum tax Tesl
levied on old agents at t+l. Then young agents at t choose total savings Qt

to solve the problem

max U(y-Q ) + V(xQ -t ).

This problem has the associated first order condition

(9) U'(Y—Qt) = xV'(th-rt+1).



In addition, since interest is paid only on required reserve holdings,

z, = th = (X/1+k)Qt = llpt.

Equilibrium

The reserve holdings of young agents at t are (k/1+l)Qt 5 (1—¢)Qt.
Absent interest payments, these holdings of real balances earn the (gross)
real return pt/pt+1' Hence per capita government interest obligations at

t+l are (1—¢)[x-(pt/pt+1)]Qt. Government budget balance requires that
(10) Vg ™ (1-¢)[x — (pt/pt+1)th.
Substitution of (10) into (9) gives the equilibrium law of motion for Qt:

(11) U'(y-Qt) = xV'[¢th + (1-4)Q, .1

t+l

where Qt+1,Q = pt/pt+1 has been used in (11). Notice that there is a

t
determinate steady state value for Qt’ denoted Q*, with Q* given by the

condition
(12) U'(y-Q*) = xV'[(¢éx + 1-¢)Q*].

Moreover, from equation (11),

2
t+1 - UM (y-Q*) - ¢x V'[($dx + 1-4)Q*]
(13) = - <0
dqQ N (1-¢)xV" [(¢x + 1-4)Q*]




Then the steady state equilibrium is locally stable if

2
- U"(y-Q%) -~ ¢x V'[(éx + 1-¢)Q*] <1
- (1-¢)xV"{(dx + 19¢)Q*]

(18)

Welfare Consequences of Interest on Reserves

It is now possible to say  something about the welfare justifications for
paying interest on reserves. This is done by comparing welfare across the
(unique) steady state equilibria with and without interest payments on

reserves. It is useful to begin with a preliminary result. Recall that

6 is the steady state equilibrium level of per capita savings absent interest
on reserves. QX is the same equilibrium level when interest is paid on

reserves. Then

Proposition 1. If ¢ < 1 (so there is a reserve requirement), then Q% > 6.

Proof. Suppose to the contrary that 6 > Q*%. Then from (8) and (12)
U'(y-Q%) = xV'{(ex + 1-9)QX] > (4x + 19V’ [(4x + 1-9)Q) = U’ (y-Q).
But this implies 6 < Q*%, a contradiction.

As a corollary, if z*x = (1-$)Q* and z = (1—¢)6. z% > z. The following

proposition is then immediate.

Proposition 2. The payment of interest on reserves makes the initial old

generation better off, and reduces the welfare of all other agents.

Proof. That the initial old are made better off follows from z* > ;; i.e.,
the payment of interest on reserves increases savings, and hence real

balances. That all young generations are made worse off is immediate. Their
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utility if no interest is paid on reserves is U(y-a) + Vi(dx + 1—¢)6],
while their utility when reserves earn interest is U(y-Q*) + V[(éx + 1-¢)Q*].
But by definition U(y-Q) + VI(¢x + 1-¢)Q] > U(y-Q) + V[(éx + 1-4)Q]

V Q € [0,y]l. Moreover, the inequality is strict if Q # Q, since V is a

strictly concave function.

Thus the payment of interest on reserves has no obvious welfare justification.

III. Stationary Sunspot Equilibria

A. Interest not Paid on Reserves.

Despite the fact that there is no fundamental uncertainty here, suppose
that at each date there is a random variable et drawn from a two element set;
ete{l,z}. e, evolves according to a stationary, two-state Markov chain. Let

q(e) = prob(e

t+1=1:et=e); e =1, 2.

The focus of discussion will be on stationary sunspot equilibria; i.e.,
on equilibria where current values depend only on the current state. Let p(e)

denote the current price level if et = e, while z(e), k(e), and Q(e) are real
balances, storage, and total savings (Q(e) = (1+A)k(e)) by young agents born
in state e. All of these variables are selected after the realization of e .

Finally, all trading is as above, so that (as is always the case in discussing

stationary sunspot equilibria) state contingent claims trading is ruled out.

Behavior of Young Agents

A young agent at t, experiencing the realization et = e, chooses z(e)

and k(e) > 0 to solve the problem
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p(e)
z(e)] + [1-q(e)]VIxk(e) +
p(2)

ple)
max Uly-k(e)-z(e)] + q(e)VIixk(e) + 5 z(e)l
P
subject to z(e) > Ak(e), taking p(e), q(e), p(1l), and p(2) as given, where
p(e) is the current price level. Again the situation of interest is that
where the reserve requirement is binding, so henceforth equilibria with
z(e)=Ak(e) are considered.9 Then, recalling that Q(e) = (1+A)k(e), the

maximization problem of young agents may be rewritten as

p(e)
max Uly-Q(e)] + q(e)V{lex + (1-¢) 1Q(e)} +
Q(e)€E[0,y] ¥ * p(l)
p(e)
[1-q(e)IV{[dx + (1-4) 1Q(e) },
p(2)

where again ¢ = (1+x)'1. This problem has associated first order condition

p(e)
1Q(e)}
p(l)

p(e)
(15) U'[y-Q(e)] = q(e)ldx + (1-¢) .?I;]v‘{[¢x + (1-¢)
P

p(e)

1Q(e)}; e = 1,2,
p(2)

p(e)
+ [1-q(e)]i¢x + (1-¢) —=IV'{[dx + (1-¢)
p(2)

Stationary Sunspot Equilibria

Following Azariadis (1981), a stationary sunspot equilibrium is a set of
values Q(1), Q(2), p(1), p(2), q(1), and q(2) satisfying (15), the money

market clearing condition
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(16) 1/p(e)

z(e)

L]

[A7(14N)]Q(e); e = 1, 2

and 0 < q(e) <1; e =1, 2. Given the assumption of equation (1), it is

straightforward to establish

Proposition 3. If interest is not paid on reserves, there does not exist a

stationary sunspot equilibrium (s.s.e.) with Q(1) # Q(2).

Proof. Suppose to the contrary that a non-trivial s.s.e. exists. Then,

substituting (16) into (15), the values Q(1), Q(2), q(1l), and q(2) must satisfy

(17) U'[y-Q(1)) = () I¢x + (1-¢)IV'I(édx + 1-4)Q(1)] +
Q(2)
[1-q(1) )} éx + (1-¢) EEI;]V‘[¢xQ(1) + (1-4)Q(2)]

and

Q(1)
(18) U'[y-Q(2)] = q(2)[¢x + (1-¢) 5;;;]V'[¢XQ(2) + (1-4)Q(1)]

+ [1-q(2)]1(dx + 1-p)V' [(dx + 1-¢)Q(2)].
Define

H=¢x + 1-¢

H éx + (1-¢) il
= X - ——
12 Q(2)
Q(2)

H = ¢x + (1-¢p) ——.

21 Q(1)
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Then, solving (17) and (18) for q(1) and q(2) yields

U'[y-Q(1)] - H V'[H Q(1)]
y-Q(1)] - [ 21Q

(19) q(1) =
HV'[HQ(1)] - H V'[H Q(1)]
21 21
U'[y-Q(2)] - HV'[HQ(2)]
(20) q(2) = e Ll
H V'[H Q(2)]) - HV'[HQ(2)]
12 12
Now suppose that Q(1) > Q(2). Then H _ > H > H__. Further, since

12 21
eV’ (c)/Vi(c)> -1, nV'[nQ(1)]) and nV'[nQ(2)] are non-decreasing functions of

t ]
n. Therefore HV'[HQ(1)] > H 1V'[HZIQ(l)] and H 2V [H12Q(2)] > HV'[HQ(2)]

2
hold. 1t follows that for 0 < q(1) < 1 to hold

1

(21) HV'[HQ(1)] > U'[y - Q(1)] > H, V' [H, Q)]

must be satisfied. But (21) implies that Q(1) < 6 (recall that 6 is per
capita savings in the steady state equilibrium). Similarly, for 0 < q(2) <

1 to hold it is necessary that

(22) H12V'[H12Q(2)] > U'ly - Q(2)] > HV'[HQ(2)].

But (22) implies that Q(2) > @ > Q(1), contrary to assumption. An identical
contradiction arises if it is assumed that Q(2) > Q(1) holds. Hence Q(1) =
Q(2), proving the proposition.

The assumption of equation (1) implies that all young agents have
savings functions that are non-decreasing in the rate of interest. This
precludes the existence of non-trivial s.s.e.'s if interest is not paid on
reserves. However, the situation is substantially different if required

reserve holdings bear market interest rates.
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B. Interest on Reserves

Again, suppose that the government pays interest on reserves (required
reserves only) at the market rate of interest x. A young agent born in state
e acquires total savings of Q(e); e = 1, 2, against which the agent holds
required reserves of [A/(1+A)]Q(e) = (1-4)Q(e) = z(e). Since the young period
state is e, the young period price level is p(e); if the old period state is
e', the ex post return on reserves (before receiving interest from the
government) is p(e)/p(e'). Hence government interest payments to old agents

in state e', if the young period state was e, are
p(e)
(1-¢) [x - ——1Q(e).
p(e’)

As above, these interest payments are financed by a lump-sum tax on old agents
of t(e,e') if the young period state was e, and the old period state is e'.

Then government budget balance requires that

(e)

P
(23) t(e,e') = (1-¢)[x -
p(e’

)lQ(e); e,e' = 1,2,
The focus of discussion will be on sunspot equilibria "near" the steady state
equilibrium, so attention will be restricted to the case in which x >

p(e)/ple') V e, e'.
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Behavior of Young Agents

A young agent born in state e faces lump-sum taxes 1(e,e') if next
period's state is e'. Taking these values as given, this agent chooses total

savings Q(e) to solve the problem

max Uly-Q(e)] + q(e)VixQ(e) - t(e,1)] + [1-q(e)]lVixQ(e)-t(e,2)].
Q(e) € [0,y]

Since only required reserve holdings earn interest, z(e) = Ak(e) = (1-¢)Q(e).

The first order condition associated with this problem is
(24) U'ly-Q(e)] = q(e)xV'[xQ(e) - t(e,1)] + [1-q(e)]xV'[xQ(e)-T1(e,2)];

e=1,2.

Equilibrium

Again the focus is on stationary sunspot equilibria evolving according
to a two-state Markov chain. Then a stationary sunspot equilibrium with
interest on reserves is a set of values p(1l), p(2), Q(1), Q(2). q(1), q(2),
and t(e,e*) satisfying (23), (24), the money market clearing condition

(25) 1/p(e) = z(e) (1-¢)Q(e); e = 1,2,

and 0 < q(e) < 1; e =1, 2. A sufficient condition for non-trivial s.s.e.'s

to exist is as follows.

Proposition 4. Suppose that the (unique) steady state equilibrium when

interest is paid on reserves is locally stable; i.e., suppose that
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=(1-¢)xV" [ (dx+1-¢)Q*]
(26)

2
~U"(y-Q*)-dx V" [(dx+1-$)Q*]

-1 -1
Suppose further that ¢ = (1+\) =~ < (1+x) . Then there exist stationary

sunspot equilibria with Q(1) # Q(2) and x > p(e)/p(e') V e, e'.
Remark. It is straightforward to show that there are no stationary sunspot

equilibria (except the trivial steady state equilibrium) if ¢ > (1+x)-1.
Thus the existence of s.s.e.'s requires that the reserve requirement 1-¢ be
sufficiently large. Of course Friedman's proposal is for 100% reserve

requirements (¢ = 0), so this requirement should not be troublesome.

Proof. The proof is by construction. To begin, substitute (25) into (23),

and then substitute the result into (24) to obtain the conditions

(27) U'[y-Q(1)] = q(L)xV' [(¢x+1-4)Q(1)] + [1-q(1)]xV'[¢xQ(1) + (1-4)Q(2)]

and

(28) U'ly - Q(2)] = q(2)xV' [¢xQ(2) + (1-4)Q(1)] + [1-q(2)]xV'[($x+1-4)Q(2)]
Solving (27) and (28) for q(1) and q(2) yields

xV' [¢xQ(1)+(1-¢4)Q(2)]-U" [y-Q(1)]
xV* [6xQ(1)+(1-4)Q(2) J-xV' [ (¢x+1-4)Q(1)]

(27') q(1) =
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xV* [¢xQ(2)+(1-¢)Q(2)]-U' [y-Q(2)]
xV* [¢xQ(2)+(1-¢)Q(2) 1-xV' [¢xQ(2)+(1-4)Q(1)]

(28') q(2) =

Now choose Q(1) and Q(2) such that y > Q(1) > Q* > Q(2) > 0. Then
V' [¢xQ(1)+(1-4)Q(2)] > V' [(dx+1-9)Q(1)]
and
V' [(dx+1-4)Q(2)] > V' [¢xQ(2)+(1-4)Q(1)]
hold, since V"<0. Therefore 0 < q(1) < 1 if
(29)  xV'[¢xQ(1)+(1-¢)Q(2)] 2> U'[y-Q(1)] 2> xV' [(¢x+1-¢)Q(1)]
holds, while 0 < q(2) < 1 holds if
(30) xV'[(¢x+1-¢4)Q(2)] > U'[y-Q(2)] > xV'[¢xQ(2) + (1-4)Q(1)].
However, U'[y-Q(1)] > xV'[($x+1~-¢)Q(1)] and xV'[($dx+1-94)Q(2)] > U'[y-Q(2)]
hold, as Q(1) > Q* > Q(2), and Q* is defined by the condition U'(y-Q*) =
xV*' [ ($x+1-$)Q*]. Then (29) and (30) are satisfied if

(31) xV'[$xQ(1)+(1-4)Q(2)] > U'[y-Q(1)]

(32) U'ly-Q(2)] 2 xV' [¢xQ(2)+(1-9)Q(1)]
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are satisfied.

It will now be convenient to depict conditions (31) and (32)
diagrammatically. Consider the loci defined by equations (31) and (32)
holding with equality. These are depicted in Figure 1. Both loci intersect
the 450 line at Q(1)=Q(2)=Q*, since U'(y-Q*) = xV'[(¢x+1-¢$)Q*]. Points on or
below the locus labeled (31) satisfy equation (31), and points on or above the
locus labeled (32) satisfy equation (32). Then, if the locus (31) is less
steeply sloped than the locus (32) at the point (Q(1),Q(2)) = (Q%,Q%), all
points in the shaded region satisfy (31), (32), and Q(1) > Q* > Q(2).

Hence there are non-trivial s.s.e.'s if the locus (32) is more steeply sloped
than the locus (31) at (Q*%,Q%). Moreover, points in the shaded region of
Figure 1 satisfy x > p(e)/p(e’) V e, e' if Q(1) and Q(2) are chosen
sufficiently close to Q* (so that x > Q(1)/Q(2)).

A sufficient condition for the existence of s.s.e.'s, then, is that (32)
be more steeply sloped at (Q*,Q*) than (31). From equations (31) and (32)

these slopes are

2
(33) dQ<2>| -U" (y-Q*%)~¢x V"[($px+1-4)QX]
4Q(1) B %x(1-¢)V" [ (dx+1-$)Q*]
(31)
4Q(2) x(1-p)V" [ (dx+1-¢) Q%]
(34) =
dQ(l)l

2
(32) -U"(y-Q*)-¢x V"[(¢x+1-¢)Q*]

Then (32) is more steeply sloped than (31) at (Q%,Q*) if

2
x(1_¢)v" —U""'¢x v"
<

x(1-¢)V"

(< 0).
2
_U'l._¢x v"



19

This condition is equivalent to

o (1__ )vn
35y 0V o,

2
_U"__¢x vl'

establishing the result.

The set of economies for which (35) holds is non-trivial. For instance,
if U"=0, (35) reduces to (1+x)—1 > ¢. Then non-trivial stationary sunspot
equilibria will exist whenever the reserve requirement is sufficiently high.
It is the case, then, that for many economies that do not have s.s.e.'s when
no interest is paid on reserves, s.s.e.'s will exist when reserves earn market
interest rates. Thus Friedman's proposal that interest be paid on reserves
can open economies to price level indeterminacy, and to the possibility of

"excessive"” price level fluctuations driven by expectations.

IV. Conclusions

Friedman's (1960) proposal to pay interest on reserves has generally
been well received by economists. It has only recently been criticized by
Sargent and Wallace (1985) for resulting in an indeterminate steady state
equilibrium. However, the Sargent-Wallace indeterminacy disappears when real
interest rates are technologically determined, as they are in the model
above. Such a model seems more faithful to the monetarist view of real
interest rates that are uninfluenced by monetary factors (at least in the
“long-run”) than does the Sargent-Wallace model.

In the analysis above, the payment of interest on reserves (at market
rates) is consistent with the existence of a unique steady state equilibrium.
Nevertheless, the analysis does not suggest that Friedman's proposal has any

desirable properties. In a steady state equilibrium, the payment of interest
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on reserves reduces the welfare of all agents, except the initial old.
Moreover, the model is structured in such a way that, when reserves do not
earn interest, there is a unique stationary equilibrium.

When reserves do earn interest, on the other hand, indeterminacies are a
real possibility, in the form of stationary sunspot equilibria. Thus the
Friedman proposal may open an economy to the possibility of “excessive
fluctuations” in the price level.

In closing, two potential objections to the analysis might be
anticipated. First, one might question whether the type of model employed
here captures interesting aspects of real world monetary policy issues. A
partial answer is given by Azariadis and Farmer (1987), who use a reserve
requirement model similar to the one employed above (and actually more similar
to the model of Sargent and Wallace (1985)) to capture many features of U.S.
monetary policy since the creation of the Federal Reserve System. Their
analysis suggests that models of the type used here do shed light on practical
issues of monetary policy formulation.

Second, one might question whether the results would be different if
interest were paid on reserves at below market rates, and if reserve
requirements were employed by the government to enhance seigniorage revenue.
Without addressing this issue directly, it might be noted that Freeman (1987)
has shown (in a model exactly like the one above, but with a government faced
with the problem of financing a deficit) that the optimal set of government
actions under such circumstances includes driving the real return on reserves

to zero. Hence such considerations seem unlikely to make Friedman's proposal

more attractive.
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Notes

1.

A weaker version of this question is, should agents operating in certain
financial markets have their ability to create close money substitutes
limited by the imposition of reserve requirements, for instance?

See Sargent and Wallace (1982) for a summary of this viewpoint, which they
identify with the "quantity theory of money."

See Shell (1977), Azariadis (1981), and Cass and Shell (1983) for the
original developments in this literature.

See Smith (1988) for an argument to this effect. Smith provides a summary
of a more detailed argument on the same point by White (1984).

Having real interest rates be technologically determined is attractive for
this reason, and also because it is probably more faithful to the
monetarist view of long-run real interest rates that are not affected by
monetary factors than is the Sargent-Wallace formulation.

The economy of this section is essentially the same as that in section VI
of Wallace (1981).

Notice that the environment is specified in a way that precludes borrowing
and lending. This is for simplicity only; it should be apparent that none
of the results depend upon homogeneous young agents.

If money is not dominated in rate of return, then the proposal to pay
interest on reserves is, of course, not very interesting.

It is straightforward to show that this economy has no (non-trivial)
stationary sunspot equilibrium if the reserve requirement does not bind in

either or both states.
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Abstract

Friedman's (1960) proposal to pay interest on (required) reserves is
considered in a setting that eliminates the indeterminacy discussed by Sargent
and Wallace (1985). 1In an overlapping generations model where the real rate
of interest is technologically determined, it is shown that payment of
interest on reserves results in a determinate steady state equilibrium.
However, interest payments on reserves reduce the steady state welfare of all
young agents. Moreover, the payment of interest on reserves often creates a
different indeterminacy. It is shown that, for many economies, paying
interest on reserves results in the existence of stationary sunspot

equilibria, even if such equilibria cannot exist when reserves earn less than

market interest rates.






A classic question in monetary economics concerns whether “money and
credit markets should be separated” via legal restrictions. Or, put
differently, the question asks whether private agents should be prevented from
issuing close money substitutes.l Advocates of the view that money and credit
markets should be separated have often argued that a failure to do so opens an
economy to the possibility of "excessive fluctuations™ in the price level, and
to the possibility of price level indeterminacy as we11.2

Recent developments in monetary economics permit this argument to be
re-interpreted and re-examined in a way that is faithful to many proposals in
favor of legally separating mone} from credit markets. 1In particular, the
development of models displaying sunspot equilibria3 provides a way of
thinking about price level indeterminacy and excessive fluctuations in the
price level that is consistent with the arguments advanced in favor of various
legal restrictions on liability issues. For instance, the advocates of Peel's
Bank Act of 1844 quite clearly were concerned about the possibility of
cyclical fluctuations driven by expectations if money and credit markets were
not separated.‘ They equally clearly believed that a legal separation of
money and credit markets could prevent such fluctuations. Thus models of
sunspot equilibria are appropriate to use in analyzing whether economies with
no legal restrictions are open to possible indeterminacies (sunspot
equilibria), and whether appropriately structured legal restrictions can
eliminate these indeterminacies and hence preclude the possibility of
excessive fluctuations in the price level.

One of the most widely discussed legal restrictions in this context is

the imposition of 100% reserve requirements. This legal restriction has been



re-examined in recent literature by Sargent and Wallace (1982) and Smith
(1988). Both of these works constructed environments in which the 100%
reserve proposal eliminated the possibility of "excessive fluctuations” in the
price level. However, it was also the case in those examples that the
imposition of a 100% reserve requirement had no obvious welfare justification.
The fact that the imposition of 100% reserve requirements alone might
have adverse consequences was, of course, noted by Friedman (1960), and
presumably motivated his proposal that interest (at market rates) be paid on
reserves. This addition to the 100% reserve proposal seemed to Friedman
(1960, p.72) "to improve greatly the attractiveness of the 100% reserve
plan.” Moreover, Friedman also advocated that interest be paid on reserves
(at market rates) even if reserve requirements were something less than 100%.
This paper undertakes an analysis of Friedman's proposal to pay interest
on reserves. In doing so it uses a model similar to that employed by Sargent
and Wallace (1985) to analyze the same proposal. However, the model here
differs from that of Sargent and Wallace in that it presents agents with a
productive investment opportunity. In the model below this permits real
interest rates to be technologically determined, thus avoiding the
indeterminacy of equilibrium problem analyzed by Sargent and wallace.5 Thus
the model produces a determinate steady state equilibrium. The model is then
used to ask two questions:
(a) does the payment of interest on reserves improve welfare in steady state
equilibria?
(b) does this proposal achieve its intended affect of preventing price level

indeterminacy and excessive fluctuations in the price level?



The answer to both questions is no. In response to question (a), it
will be shown that paying market interest rates on reserves makes all young
generations worse off than the payment of zero nominal interest on reserves.
In response to question (b), it will be shown that, despite the existence of a
determinate steady state equilibrium, the payment of interest on reserves can
open the economy to the possibility of stationary sunspot equilibria. 1In
particular, economies that have unique stationary equilibria if no interest is
paid on reserves can have multiple stationary sunspot equilibria under a 100%
reserve regime with interest paid on reserves. Thus there is no sense in
which Friedman's proposal has desirable consequences.

The paper proceeds as follows. Section I discusses a model with
productive storage and reserve requirements in which interest is not paid on
reserves. Section II introduces interest payments on reserves (at market
rates) that are financed by taxation. The welfare consequences of paying
interest on reserves are analyzed. Section III discusses stationary sunspot
equilibria under the two different set-ups. The model is structured in such a
way that there are no stationary sunspot equilibria if interest is not paid on
reserves. Stationary sunspot equilibria can exist when interest is paid on

reserves, however. Section IV concludes.

. 6
I. A Reserve Requirement Economy With No Interest Payments

The model consists of an infinite sequence of two period lived,
overlapping generations. Time is indexed by t=1,2,... At t=1 there is a set
of initial old agents, endowed with a per capita stock of fiat money of M=l
units. The per capita money supply is constant through time. Also, at t > 1

there is a set of young agents, all of whom are identical. All generations



have equal numbers of agents. Young agents have the utility function U(cl) +

V(cz), where cj ig age j consumption; j=1,2. It is assumed that U', V' > 0,

U” <0, ¥V* < 0, and that

cVe(ce)
> -1
Vi(e)

(1)

Yc€E R+, which is the consumption set at each date. Each young agent has an

endowment y > 0 of the single consumption good when young, and agents have no

endowment of the good when old. Finally, there is a storage technology. One

unit of the good stored at t returns x > 1 units of the good at time t + 1.7

Beshavior of Young Agents
Let kt denote the quantity of the good stored by young agents at t, and
let z, denote their holdings of real balances. All young agents face the

reserve requirement z, > A kt. Throughout the focus will be on equilibria

t
8
in which this legal restriction is binding. Finally, let Py denote the time

t price level.
Taking the price level sequence {pt} as given, young agents at each

date t choose z, and kt (kt > 0) to solve the problem
max U(cl) + V(cz)
subject to

2 =
(2) ° + kt + z, =y



Woting that the focus is on equilibria where (4) is binding, this problem can

be transformed as follows. Let Qt denote total savings of a young agent at t;

Qt = (1+l)kt. Then young agents can be viewed as solving the problem

P
t
U(Y-Qt) + Vilex + (1-¢) ———-]Qt}

Q €10, yl
t L ¥ Pin1

where ¢ = (1+k)—1. This problem has associated first order condition

P P
t t
(5) U‘(Y-Qt) = [¢x + (1-¢) —==] V'{[¢x + (1-¢) th}.
pt+1 pt+1
pt
Defining Rt = éx + (1-¢) ,» (5) implicitly defines a savings function
pt+1
Q =f(R ). From (5)
t t
c V'(c )
2 2
Vi(ec ) [1 +
2 V'(cz)

(6) f'(R) =

v
(=4

2
<U”(c ) - R V"(c )
1 t 2

VR, by the assumption of equation (1). The behavior of young agents is

completely summarized by the function f(R).



Equilibrium
An equilibrium is a pair of sequences [Qt} and {Pt} satisfying
equation (5), zt = th = [x1(1+x)th. and the money market clearing condition

(6) p, =2 = [1/(1+1)th

t

for all t > 1. Substituting (6) into (5) yields the equilibrium law of

motion for Qt:

t+1
(7) U'(yQ ) = [$x + (1-¢) ~—] V'[¢xQ + (24)Q ); t > 1.
t Q, t t+1

This economy has a unique steady state equilibrium value of Qt' denoted

6. This value satisfies the condition

(8) U'(y-Q) = (¢x + 1-9IV' [(¢x + 1-9)Q).

The steady state equilibrium level of utility for all young agents is

U(y-Q) + VI(ex + 1-9)Q].

II. Interest on Reserves

In this section an equilibrium is derived when reserve holdings earn the
market rate of return x. Two comments are in order before setting out the
model, however. First, the only alternative asset to money here is storage.
Since Friedman's proposal involves paying interest on reserves equal to short
term market rates, it may seem odd to have the government pay interest on
reserves equal to the return on storage. However here all assets must have

the same maturity, and Friedman's proposal clearly requires that the



opportunity cost of holding reserves be zero. Hence faithfulness to
Friedman's proposal requires reserves to earn the real return x. Second, it
is well known that if all reserve holdings earn market interest rates, there
is a problem with obtaining determinate equilibria. Hence interest is paid
here only on required reserve holdings. According to Sargent and Wallace
(1985), "folk wisdom™ then asserts the existence of a determinate

equilibrium. It will be seen that this wisdom is false, despite the fact that
the indeterminacy problem discussed by Sargent and Wallace (1985) is avoided
here. Finally, in this section only deterministic equilibria are considered.

A discussion of stationary sunspot equilibria is deferred until Section TII.

Behavior of Young Agents

The economic environment is as discussed above, except that (i) all

savings earn the "market" real return x (which exceeds pt/pt+1 by assumption)

and (ii) interest payments on reserves are financed by a lump-sum tax Teal
levied on o0ld agents at t+l. Then young agents at t choose total savings Qt

to solve the problem

max U(y-Q ) + V(xQ -~ ).
Qt € [0, y] t t t+l

This problem has the associated first order condition

(9 U‘(Y-Qt) = xV'(th—tt+1).



In addition, since interest is paid only on required reserve holdings,

z, = Nk, = (M14)Q, = L/p,.

Equilibrium

The reserve holdings of young agents at t are ()./1+k)Qt = (1—¢)Qt.
Absent interest payments, these holdings of real balances earn the (gross)
real return pt/pt+1. Hence per capita government interest obligations at

t+1 are (1—¢)[x—(pt/pt+1)]Qt. Government budget balance requires that
(10) Tier = (1-¢)I[x - (pt/pt+1)10t-

Substitution of (10) into (9) gives the equilibrium law of motion for Qt:

(= = [

(11) U'(y-Q) = xv [exQ, + (1-4)Q, ,]
where Qt+1/Qt = pt/pt+1 has been used in (11). Notice that there is a
determinate steady state value for Qt’ denoted Q*, with Q* given by the
condition

(12) U'(y-Q*) = xV'[($x + 1-4)Q*].

Moreover, from equation (11),

2
t+1 - UNy-Q%) - ex ViI(ex + 1000

dQ (1-4)xV" [(dx + 1-4)Q*]

.



Then the steady state egquilibrium is locally stable if

2
- U (y—Q%) - éx V'[(¢x + 1-¢)Q*] :
- (1¢)xV"[($x + 1-¢)Q%]

(18)

1.

Welfare Consequences of Interest on Reserves

It is now possible to say something about the welfare justifications for
paying interest on reserves. This is done by comparing welfare across the
{(unique) steady state equilibria with and without interest payments on

reserves. It is useful to begin with a preliminary result. Recall that

6 is the steady state equilibrium level of per capita savings absent interest
on reserves. Q% is the same equilibrium level when interest is paid on

reserves. Then

Proposition 1. If ¢ < 1 (so there is a reserve requirement), then Q% > 6.

Proof. Suppose to the contrary that 6 2 Q*. Then from (8) and (12)
U'(y-Q%) = xV' [(dx + 1-9)Q*%] > (ex + 1-4)V' [(¢x + 1-¢)Q] = U'(y-Q).
But this implies 6 < Q%, a contradiction.

As a corollary, if z*x = (1-¢)Q* and z = (1—¢)6. zx > z. The following

proposition is then immediate.

Propogition 2. The payment of interest on reserves makes the initial old

generation better off, and reduces the welfare of all other agents.

Proof. That the initial old are made better off follows from z* > ;; i.e.,
the payment of interest on reserves increases savings, and hence real

balances. That all young generations are made worse off is immediate. Their
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utility if no interest is paid on reserves is U(y—a) + Vi(ox + 1—¢)6],
while their utility when reserves earn interest is U(y-Q*) + V[(¢x + 1-¢)Q*].
But by definition U(y-Q) + VI[(¢x + 1-4)Q] > U(y-Q) + VI(éx + 1-4)Q]

¥V Q € [0,y). Moreover, the inequality is strict if Q # Q, since V is a

.strictly concave function.

Thus the payment of interest on reserves has no obvious welfare justification.

1II. Stationary Sunspot Equilibria

A. Interest not Paid on Reserves.

Despite the fact that there is no fundamental uncertainty here, suppose
that at each date there is a random variable et drawn from a two element set;
ete{l,z}. e, evolves according to a stationary, two-state Markov chain. Let
qle) = prob(et+1=1:et=e); e =1, 2.

The focus of discussion will be on stationary sunspot equilibria; i.e.,
on equilibria where current values depend only on the current state. Let p(e)
denote the current price level if e, = e, while z(e), k(e), and Q(e) are real
balances, storage, and total savings (Q(e) = (1+A)k(e)) by young agents born

in state e. All of these variables are selected after the realization of et.

Finally, all trading is as above, so that (as is always the case in discussing

stationary sunspot equilibria) state contingent claims trading is ruled out.

Behavior of Young Agents
A young agent at t, experiencing the realization et = e, chooses z(e)

and k(e) > 0 to solve the problem
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ple) p(e)
max Uly-k(e)-z(e)] + q(e)V[xk(e) + z(e)] + [1-q(e)]VIxk(e) +
p(1) p(2)

z(e)]

subject to z(e) > Ak(e), taking p(e), qle), p(1l), and p(2) as given, where
p(e) is the current price level. Again the situation of interest is that
where the reserve requirement is binding, so henceforth equilibria with
z(e)=\k(e) are considered.9 Then, recalling that Q(e) = (1+\)k(e), the

maximization problem of young agents may be rewritten as

p(e)
max Uly-Q(e)) + q(e)Vilex + (1-¢) ——]1Q(e)} +
Q(e)€[0,y] g 1 . ¥ p(1) *
p(e)
[1-q(e)1V{iex + (1-9) 1Q(e)},
p(2)

where again ¢ = (1+k)-1. This problem has associated first order condition

ple) ple)
(15) U'[y-Q(e)] = q(e)léx + (1-¢) —1IV'{[¢x + (1-¢) ——I]Q(e)}
p(1) p(1)

p(e)

1Q(e)}; e = 1,2,
p(2)

p(e)
+ [1-q(e)]i¢x + (1-¢) -?ET]V'{[¢X + (1-¢9)
P

Stationary Sunspot Equilibria

Following Azariadis (1981), a stationary sunspot equilibrium is a set of
values Q(1), Q(2), p(1), p(2), q(1), and q(2) satisfying (15), the money

market clearing condition
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(16) 1/p(e) = z(e) = [A/(14+N)IQ(e); e =1, 2

and 0 < q(e) <1; e =1, 2. Given the assumption of equation (1), it is

straightforward to establish

Proposition 3. If interest is not paid on reserves, there does not exist a

stationary sunspot equilibrium (s.s.e.) with Q(1) # Q(2).

Proof. Suppose to the contrary that a non-trivial s.s.e. exists. Then,

substituting (16) into (15), the values Q(1), Q(2), q(1), and q(2) must satisfy

(17) U'[y-Q(1)] = q(V)Iex + (1-P)IV' [(¢x + 1-4)Q(1)] +
Q(2)
[1-q(1)11éx + (1-¢) E?I;]V‘[¢XQ(1) + (1-4)Q(2)]}
and
Q(1)
(18) U'[y-Q(2)] = q(2)[éx + (1-¢) GTE;IVl[¢XQ(2) + (1-4)Q(1)]

+ [1-q(2) ) (dx + 1-®)V' [(dx + 1-¢)Q(2)].

Define
H=¢x + 1-¢
H ¢x + (1-¢) i
= X ——
12 Q(2)
Q(2)
H = ¢x + (1-¢) ——.

21 Q(1)
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Then, solving (17) and (18) for q(l) and q(2) yields

U'ly-Q(1)] - H V'[H Q(1)]
21 21
(19) q(1) =

HV'[HQ(1)] - H_ V'[H_Q(1)
(HQ(1)] ey 210 ]

U'{y-Q(2)] - HV'[HQ(2)]

(20) q(2) =
H V'[H Q(2)] - HV'[HQ(2)]
12 12

Now suppose that Q(1) > Q(2). Then le >H> HZI' Further, since
eV*(c)/Vi(c)> -1, nvV'[nQ(1)] and nV'[nQ(2)] are non-decreasing functions of
1 ] t i
n. Therefore HV'[HQ(1)] > H21V [HZIQ(l)] and Blzv [leo(z)l > HV'[HQ(2)]

hold. It follows that for 0 < q(1) < 1 to hold

(21) HV'[HQ(1)] > U'ly - Q(1)] > H, V'[H, Q(1)]

must be satisfied. But (21) implies that Q(1) < 6 (recall that Q is per
capita savings in the steady state equilibrium). Similarly, for 0 < q(2) <

1 to hold it is necessary that

(22) HIZV'[HIZQ(Z)] 2 U'[ly - Q(2)] > HV'[HQ(2)].
But (22) implies that Q(2) > Q > Q(1), contrary to assumption. An identical
contradiction arises if it is assumed that Q(2) > Q(1) holds. Hence Q(1l) =
Q(2), proving the proposition.

The assumption of equation (1) implies that all young agents have
savings functions that are non-decreasing in the rate of interest. This
precludes the existence of non-trivial s.s.e.'s if interest is not paid on
reserves. However, the situation is substantially different if required

reserve holdings bear market interest rates.
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B. Interest on Reserves

Again, suppose that the government pays interest on reserves (required
reserves only) at the market rate of interest x. A young agent born in state
e acquires total savings of Q(e); e = 1, 2, against which the agent holds
required reserves of [A/(1+A)]Q(e) = (1-¢)Q(e) = z(e). Since the young period
state is e, the young period price level is p(e); if the old period state is
e', the ex post return on reserves (before receiving interest from the
government) is p(e)/p(e’'). Hence government interest payments to old agents

in state e', if the young period state was e, are
p(e)
(1-¢ix - ——JQ(e).
ple*)

As above, these interest payments are financed by a lump-sum tax on old agents
of t(e,e') if the young period state was e, and the old period state is e'.

Then government budget balance requires that

p(e)
(23) 1(e,e') = (1-¢)[x ~
p(e’)

1Q(e); e,e’' =1,2.

The focus of discussion will be on sunspot equilibria "near"” the steady state
equilibrium, so attention will be restricted to the case in which x >

p(e)/p(e’) V e, e'.
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Behavior of Young Agents

A young agent born in state e faces lump-sum taxes t(e,e') if next
period’'s state is e'. Taking these values as given, this agent chooses total

savings Q(e) to solve the problem

max Uly-Q(e)] + q(e)VIxQ(e) - t(e,1)] + [1-q(e)])V[xQ(e)-t(e,2)].
Q(e) € {0,y]

Since only required reserve holdings earn interest, z(e) = Ak(e) = (1-4)Q(e).

The first order condition associated with this problem is
(24) U'[y-Q(e)] = q(e)xV'[xQ(e) - t(e,1)] + [1-q(e)]xV'[xQ(e)-<(e,2)];

e=1,2.

Equilibrium

Again the focus is on stationary sunspot equilibria evolving according
to a two-state Markov chain. Then a stationary sunspot equilibrium with
interest on reserves is a set of values p(1), p(2), Q(1), Q(2), q(1), q(2),
and t(e,e') satisfying (23), (24), the money market clearing condition

(25) 1/p(e) = z(e) (1-¢)Q(e); e = 1,2,

and 0 < q(e) < 1; e =1, 2. A sufficient condition for non-trivial s.s.e.'s

to exist is as follows.

Proposition 4. Suppose that the (unique) steady state equilibrium when

interest is paid on reserves is locally stable; i.e., suppose that
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~(1-¢)xV" [ (dx+1-¢) Q%]
(26)

2
=U"(y-Q*)—dx V" [($x+1-¢)Q*]

Suppose further that ¢ = (140 7Y < (14x)71.  Then there exist stationary

sunspot equilibria with Q(1) # Q(2) and x > p(e)/p(e’) V e, e'.
Remark. It is straightforward to show that there are no stationary sunspot

equilibria (except the trivial steady state equilibrium) if ¢ > (1+x)‘1.
Thus the existence of s.s.e.'s requires that the reserve requirement 1-¢ be
sufficiently large. Of course Friedman's proposal is for 100% reserve

requirements (¢ = 0), so this requirement should not be troublesome.

Proof. The proof is by construction. To begin, substitute (25) into (23),

and then substitute the result into (24) to obtain the conditions

(27) U'[y-Q(1)] = q(1)xV' [(¢x+1-4)Q(1)] + [1-q(1)]xV' [¢xQ(1) + (1-4)Q(2)]

and

(28) U'ly - Q(2)] = q(2)xV' [¢xQ(2) + (1-¢)Q(1)] + [1-q(2)]xV'[($x+1-¢)Q(2)]
Solving (27) and (28) for q(1) and q(2) yields

xV' [¢xQ(1)+(1-4)Q(2)]1-U* [y-Q(1)]
xV' [xQ(1)+(1-4)Q(2) ]-xV* [ (¢x+1-4)Q(1) ]

(27') q(1) =
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xV* [¢xQ(2)+(1-4)Q(2)1-U* [y-Q(2)]
xV* [¢xQ(2)+(1-¢)Q(2) J-xV' [¢xQ(2)+(1-4)Q(1) ]

(28') q(2) =

Now choose Q(1) and Q(2) such that y > Q(1) > Q* > Q(2) > 0. Then
V* (xQ(1)+(1-4)Q(2)] > V' [(¢x+1-4)Q(1)]
and
V[ {(dx+1-4)Q(2)] > V' [¢xQ(2)+(1-¢)Q(1)]
hold, since V'<0. Therefore 0 < q(1) < 1 if
(29)  xV* [¢éxQ(1)+(1-9)Q(2)] 2> U' [y-Q(1)] 2 xV' [(4x+1-4)Q(1)]

holds, while 0 < q(2) < 1 holds if

(30) V' [(¢x+1-4)Q(2)]) > U'[y-Q(2)] > xV'[¢xQ(2) + (1-4)Q(1)].

However, U'([(y-Q(1)] > xV'[(¢x+1-¢)Q(1)) and xV'{[($x+1-4)Q(2)] > U'[y-Q(2)]
hold, as Q(1) > Q* > Q(2), and Q* is defined by the condition U‘'(y-Q*) =
xV' [(dx+1-¢$)Q*]). Then (29) and (30) are satisfied if

(31) xV'[¢xQ(1)+(1-4)Q(2)] > U'[y-Q(1)]

(32) U'[y-Q(2)] 2 xV'[¢xQ(2)+(1-4)Q(1)]
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are satisfied.

It will now be convenient to depict conditions (31) and (32)
diagrammatically. Consider the loci defined by equations (31) and (32)
holding with equality. These are depicted in Figure 1. Both loci intersect
the 45° line at Q(1)=Q(2)=Q*, since U'(y-Q*) = xV'[(¢x+1-4)Q*]. Points on or
below the locus labeled (31) satisfy equation (31), and points on or above the
locus labeled (32) satisfy equation (32). Then, if the locus (31) is less
steeply sloped than the locus (32) at the point (Q(1),Q(2)) = (Q%,Q%), all
points in the shaded region satisfy (31), (32), and Q(1) > Q* > Q(2).

Hence there are non-trivial s.s.e.'s if the locus (32) is more steeply sloped
than the locus (31) at (Q*,Q*). Moreover, points in the shaded region of
Figure 1 satisfy x > p(e)/p(e') V e, e' if Q(1) and Q(2) are chosen
sufficiently close to Q* (so that x > Q(1)/Q(2)).

A sufficient condition for the existence of s.s.e.'s, then, is that (32)

be more steeply sloped at (Q*,Q%) than (31). From equations (31) and (32)

these slopes are

2
- dQ(Z)l ~U"(y-Q*)—¢x V"[ (dx+1-4)Q*]
8Q(1 - 1-4)V" 1-¢)Q*
(1) i x(1-¢)V" [ (dx+1-¢)Q*]
dQ(2)| x(1-d) V" [ (dx+1-4)Q*]
(34) =
dQ(l)

2
(32) -U"(y-Q*)-¢x V"[($x+1-4)Q*]

Then (32) is more steeply sloped than (31) at (Q*,Q*) if

2
X(l-Q)V" -U"-¢x V"
<

x(1-¢)V"

< 0).
2
_Ull_¢x v"



19

This condition is equivalent to

-x(1-¢)V"
(35) ——-—:2;—— > 1,

-U"—¢x V"
establishing the result.

The set of economies for which (35) holds is non-trivial. For instance,
if U"=0, (35) reduces to (1~:-:|:)-1 > ¢. Then non-trivial stationary sunspot
equilibria will exist whenever the reserve requirement is sufficiently high.
It is the case, then, that for many economies that do not have s.s.e.'s when
no interest is paid on reserves, s.s.e.'s will exist when reserves earn market
interest rates. Thus Friedman's proposal that interest be paid on reserves
can open economies to price level indeterminacy, and to the possibility of

"excessive" price level fluctuations driven by expectations.

IV. Conclusions

Friedman's (1960) proposal to pay interest on reserves has generally
been well received by economists. It has only recently been criticized by
Sargent and Wallace (1985) for resulting in an indeterminate steady state
equilibrium. However, the Sargent-Wallace indeterminacy disappears when real
interest rates are technologically determined, as they are in the model
above. Such a model seems more faithful to the monetarist view of real
interest rates that are uninfluenced by monetary factors (at least in the
“long-run”) than does the Sargent-Wallace model.

In the analysis above, the payment of interest on reserves (at market
rates) is consistent with the existence of a unique steady state equilibrium.
Nevertheless, the analysis does not suggest that Friedman's proposal has any

desirable properties. In a steady state equilibrium, the payment of interest
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on reserves reduces the welfare of all agents, except the initial old.
Moreover, the model is structured in such a way that, when reserves do not
earn interest, there is a unique stationary equilibrium.

When reserves do earn interest, on the other hand, indeterminacies are a
real possibility, in the form of stationary sunspot equilibria. Thus the
Friedman proposal may open an economy to the possibility of "excessive
fluctuations” in the price level.

In closing, two potential objections to the analysis might be
anticipated. First, one might question whether the type of model employed
here captures interesting aspects of real world monetary policy issues. A
partial answer is given by Azariadis and Farmer (1987), who use a reserve
requirement model similar to the one employed above (and actually more similar
to the model of Sargent and Wallace (1985)) to capture many features of U.S.
monetary policy since the creation of the Federal Reserve System. Their
analysis suggests that models of the type used here do shed light on practical
issues of monetary policy formulation.

Second, one might question whether the results would be different if
interest were paid on reserves at below market rates, and if reserve
requirements were employed by the government to enhance seigniorage revenue.
Without addressing this issue directly, it might be noted that Freeman (1987)
has shown (in a model exactly like the one above, but with a government faced
with the problem of financing a deficit) that the optimal set of government
actions under such circumstances includes driving the real return on reserves

to zero. Hence such considerations seem unlikely to make Friedman's proposal

more attractive.
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Notes

1.

A weaker version of this question is, should agents operating in certain
financial markets have their ability to create close money substitutes
limited by the imposition of reserve requirements, for instance?

See Sargent and Wallace (1982) for a summary of this viewpoint, which they
identify with the "quantity theory of money."

See Shell (1977), Azariadis (1981), and Cass and Shell (1983) for the
original developments in this literature.

See Smith (1988) for an argument to this effect. Smith provides a summary
of a more detailed argument on the same point by White (1984).

Having real interest rates be technologically determined is attractive for
this reason, and also because it is probably more faithful to the
monetarist view of long-run real interest rates that are not affected by
monetary factors than is the Sargent-Wallace formulation.

The economy of this section is essentially the same as that in section VI
of Wallace (1981).

Notice that the environment is specified in a way that precludes borrowing
and lending. This is for simplicity only; it should be apparent that none
of the results depend upon homogeneous young agents.

If money is not dominated in rate of return, then the proposal to pay
interest on reserves is, of course, not very interesting.

It is straightforward to show that this economy has no (non-trivial)
stationary sunspot equilibrium if the reserve requirement does not bind in

either or both states.
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