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Abstract

We investigate a monetary model a la Lagos and Wright (2005), in which
there are two kinds of decentralized markets, and each agent stochastically
chooses which one to participate in by expending effort. In one market, the
pricing mechanism is competitive, whereas in the other market, the terms
of trade are determined by Nash bargaining. It is shown that the optimal
monetary policy may deviate from the Friedman rule. As the nominal interest
rate deviates from zero, buyers expend more effort because a higher interest
rate increases the gain for buyers from entering the competitive market, while
the marginal increase in social welfare by entering the competitive market is

also positive.

Keywords: Friedman rule; effort; search; competitive pricing; bargaining
JEL classification code: E1

*Faculty of Law and Economics, Chiba University. 1-33 Yayoi-cho, Inage-ku, Chiba, Japan.
Email: ryojih@chiba-u.jp. Tel: 81-43-290-2399.

fThe Canon Institute for Global Studies, Japan

fFaculty of Economics, Keio University. 2-15-45 Mita, Minato-ku, Tokyo, Japan. Email:
kobayasi@econ.keio.ac.jp Tel: 81-3-5418-6703.

§The Canon Institute for Global Studies, Japan

YCorresponding author



1 Introduction

Analysis of monetary economy and policy should be affected crucially by the mar-
ket structure posited in the model. Lagos and Wright (2005) propose an extremely
tractable market structure, in which the decentralized and centralized transactions
occur alternately. For simplicity, they assume that monetary transactions are con-
ducted only in the single decentralized market, whereas analysis of the optimal mon-
etary policy may be altered by changing this assumption. In this study, we analyze a
model of monetary economy in which two distinct decentralized markets for monetary
transactions exist simultaneously, and agents can (stochastically) choose the market
they enter by expending effort. Specifically, we consider that prices are given com-
petitively in one market and by bargaining in the other. We show that the optimal
monetary policy can be affected crucially by this “choice-of-market” structure.

Choice of markets by buyers and /or sellers are observed universally in reality. The
mode of monetary trade differs among different markets in, for example, big cities
and small villages. Retail goods are sold competitively in large stores in big cities,
while in rural areas, they are often sold in small family shops, where buyers and the
sellers can negotiate prices and conditions. We could say the pricing mechanism is
mostly competitive in big cities and tends to be decided by bilateral bargaining in
small towns. There exist some evidences for that bargaining is common in the real
world in some developing economies (Jaleta and Gardebroek 2007; Keniston 2011) or
in some industries (Ayers and Siegelman 1995; Morton, Zettelmeyer, and Silva-Russo
2004).

Our model is related to the literature of the new monetarist models pioneered by
Lagos and Wright (2005). Rocheteau and Wright (2005) introduce and analyze three
distinct pricing mechanisms in the monetary market in the Lagos—Wright model:
bargaining, competitive pricing, and competitive search. Rocheteau and Wright
(2005) assume that the price is decided by one of these modes in the unique monetary
market, whereas we assume that two monetary markets exist simultaneously, that is,
a market with competitive pricing and another with bargaining, and that the agents

can choose the market they enter. Choice of market is a novel feature that we add



to the literature. Given this market structure, we show that the Friedman rule is
not the optimal monetary policy.

Suboptimality of the Friedman rule is an important topic in the literature. Ro-
cheteau and Wright (2005) show that the Friedman rule is suboptimal in the compet-
itive pricing market, given that a search externality is present.! Nosal and Rocheteau
(2011) overturn this result by showing that the Friedman rule is optimal in the com-
petitive pricing market when a search externality is nonexistent. Our study further
overturns Nosal and Rocheteau’s (2011) result by showing that the Friedman rule is
suboptimal even when a search externality is nonexistent in the competitive-pricing
market, given that there is another monetary market.?

The rest of this paper is organized as follows. In Section 2, we construct a model.
In Section 3, we characterize the competitive equilibrium and show the suboptimality
of the Friedman rule. An example in this section shows that output is smaller when
monetary policy deviates from the Friedman rule. In Section 4, we consider the
intuition of the model in a case in which only buyers choose the market. Section 5
concludes. In the appendix, we describe a version of the model in which only sellers
choose the market and both welfare and output are larger when monetary policy

deviates from the Friedman rule.

2 Model

2.1 Set-up

Time is discrete and changes from ¢ = 0 to +00. There is a continuum of infinitely

lived agents with unit measure. Each date is divided into day and night. The day

n addition, Hiraguchi and Kobayashi (2014) show the suboptimality of the Friedman rule
when a search externality is present in the monetary market with competitive pricing.

2Nosal and Rocheteau (2011, Subsection 6.6) demonstrate that the Friedman rule can be sub-
optimal in a model in which an agent can choose to become either a buyer or seller in the unique
monetary market, whereas in our model, an agent chooses the monetary market in which to par-
ticipate. The extensive margin is the key factor in both models, which produces suboptimality of
the Friedman rule.



market is decentralized and the night market is centralized. In each period, the agent
becomes a buyer or seller with probability 0.5.

In the day market, there are two kinds of decentralized markets: the competitive-
pricing market (C-market) and the search market (S-market). In the C-market, there
is no search friction, and sellers and buyers trade under competitive price p. In
the S-market, there are search and matching frictions and the terms of trades are
determined by Nash bargaining.

At the beginning of the day market, the buyer chooses effort level e’. With
probability e’, the buyer enters the C-market, and with probability 1 — e®, the buyer
enters the S-market. Similarly, the seller can move from the S-market to the C-market
with probability e® if the seller expends effort e®. The utility cost of the buyer’s effort
g(e) satisfies g(0) = ¢’(0) =0, ¢’(e) > 0, and ¢"(e) > 0 if e > 0. Similarly, the utility
cost of the seller’s effort h(e) satisfies h(0) = h'(0) = 0, h'(e) > 0, and h"(e) > 0 if
e > 0.

The matching function at the S-market is given by ¢(u®, p®) where p® (p®) is
the measure of buyers (sellers). The matching function ¢ has constant returns to
scale and is increasing and concave. In the following, we suppose that ((u’, p®) =
2(uP)*(u*)=* with a € (0,1). For a buyer, the probability of matching with a
seller is (1 — eb)C("Z—;f‘s). For each seller, the probability of meeting with a buyer is
(1— es)%. In competitive equilibrium, u® = 1 —eé° and p® = 1 —eé°, where &’ (&°)
is the average search intensity of the buyer (seller).

In both the C-market and S-market, the buyer obtains utility u(g) from con-
suming ¢ units of output. The function u satisfies u(0) = 0, v’ > 0, v” < 0, and
u'(0) = 4o00. The seller loses utility ¢(q) by producing ¢ units of output. The func-
tion ¢ satisfies ¢(0) =0, ¢ > 0, and ¢’ > 0. In the night market, each agent obtains
utility U(z) from consuming = units of goods and obtains linear disutility z from
producing z units of goods. ¢* > 0 and z* > 0 exist such that «/(¢*) = ¢(¢*) and
U'(z*) =1. s* =u(q*) — c(q*) denote the maximized surplus.

Money is divisible and storable. Buyers need money to pay in the day market.

A central bank controls the money supply M. Its growth rate is 7.



2.2 Night market

We follow Lagos and Wright (2005) and focus on the degenerate stationary equilib-
rium in which the level of consumption is the same across all agents and output is
constant. We index consecutive period variables by +1.

Let V(m) denote the value function of the agent at the beginning of each period.
In addition, let W (m) denote the value function of the individual at night, who holds

m units of money. At the night market, the agents solve

W(m) = max {U(C)—h+ Vii(mya)},

C)hym“’l

st. C=h+o(m+T —my),

where # > 0 is a discount factor, C' is consumption, h is production, ¢ is the value
of money in terms of the general good, and T is a transfer from the government.
From the quasilinearity of the utility function, we obtain W (m) = ¢m + W (0). The
first-order conditions (FOCs) are

= povn )

Omyy’
UQe) = 1. 2)

Therefore, trade at the night market is efficient.

2.3 Day markets

There are two decentralized markets in the daytime: the S-market and C-market.
The buyer chooses the probability e’ of entering the C-market. Similarly, the seller
chooses the probability e® to enter the C-market. In the C-market, the price of the
good p is given and the buyer maximizes her surplus s’ = u(q®) — ¢pq® subject to the
constraint pg® < m. Similarly, the seller maximizes her surplus s°* = ¢pqg® — c(q*) by
choosing ¢°. In the C-market, the quantity supplied is equal to e*¢® and the quantity

demanded is €’¢®. In competitive equilibrium, e*¢* = e’¢’.



The buyer and seller enter the S-market with probability 1 —e® and 1 —e*, respec-
tively. In the S-market, the buyer and seller trade bilaterally with Nash bargaining

as follows.

max(u(q) — ¢d)’[od — ()", (3)

d<m

where 0 € (0, 1] denotes the bargaining power of the buyer and (g, d) represents the
terms of trade.

The value function of the buyer who holds m dollars is
Vi(m) = max[—g(e") + ¢’ max {u(¢") — ¢pq"}
eb pg®<m
b s
#1= D ) = o) + 19 (),

If we denote the buyer’s surplus u(g) — ¢d as 8%, the FOCs for V°(m) are

u'(¢") > op,

b s
g/<€b> — Sb . g(ﬂuabﬂ )éb7
om o T T

The value function of a seller who holds m dollars is

Vi(m) = max[—h(e") + e’ max[dpg” — c(¢’)]

. es>%[¢d (@) + W(m))



If we allow §° to denote the seller’s surplus ¢d — ¢(§), the FOCs for V*(m) are

¢p = c'(¢°),

b s
h/(es) — Cl(qs)qs _ C(qs) _ g(:u'u?slub )gs
ovs
om ¢-

The function V satisfies V(m) = 0.5V*(m) + 0.5V°(m).
In the following, we focus on the case in which the S-market is efficient when
the nominal interest rate is close to zero. In this case, the constraint d < m does

not bind in the S-market and the quantity is § = ¢*. The equilibrium transfer is
¢d = 0c(q*) + (1 — O)u(q*) and then, the S-market is efficient if

om > be(q") + (1 — B)u(g"). (4)
When the S-market is efficient, g—fi = 0. Then, given the nominal interest rate

i=(1+7)/3—1, Eq (1) implies

Os?

= 0.5¢ .
! egbam

If the constraint d < m binds in the C-market, s® = u(m/p) — ¢m. Thus,

8" (g
6om ~ (")

Therefore, under the Friedman rule where i = 0, we obtain u'(¢®) = ¢/(¢°).

3 Competitive equilibrium

In this section, we characterize competitive equilibrium in the case in which the
nominal interest rate is sufficiently low so that the S-market is efficient. Then, the

buyer’s surplus equals §° = fs* and the seller’s surplus equals §° = (1 — #)s*. The



stationary equilibrium allocation {¢°, ¢°, €%, e, ¢} is determined by

0.5¢" <“/(qb) - 1) , (5)

(q%)
I = ule) @) - ()
W(e*) = C’(qS)QS—C(qS)—%, (7)
oM = (¢°)¢" > 0c(q") + (1 — O)u(q"), (8)
esqs — qub, (9)

where ¢ = ((1 — €® 1 — ¢°). The stationary welfare is
W = —g(e) — h(e) + (1 — .1 — )s° + uld’) — el /e").

If C% > 0 at ¢ = 0, then the Friedman rule is not optimal. We can show the following

proposition.

Proposition 1 Suppose that a < 0 and that when v = 0,

(Os* Gos* e’ (1 —0)s*
(1—eb)2 1—eb  eb(l—e®)
C1—=60)s* (1 —0)s* (05"

(1—es)2  1—e  es(1—eb)

g// +

> 0, (10)

h” +

> 0, (11)

where ¢ = ((1—¢e® 1—¢*), (i (x,y) = g—i and (o(x,y) = g—g. In this case, the Friedman

rule is not optimal.

Proof. See the Appendix. m

In the following, we provide a numerical example in which Egs. (10) and (11)
hold. Suppose that u(q) = 2,/g, ¢(q) = 0.5¢%, ((z,y) = 0.5,/7y, g(e’) = 0.5A(c")?,
and h(e®) = 0.5B(e®)%. Then, ¢* = 1 and s* = 1.5. First, we find A and B such
that the equilibrium levels of effort are e’ = 0.1 and e* = 0.5 at the Friedman rule.

As u'(¢") = ¢(e’q®/e®) under the Friedman rule, we obtain ¢* = (%)5 = 53 and



¢ = ebgb/es = 5% . Then, 0 < % < land 0 < % < 1. Egs.

(6) and (7) imply that A and B are determined by A = 10(55 — 0.750/y/1.8) and
B =53 —15V1.8(1—0). The condition (8) is written as

(°)¢ =q°¢" =57 > 050 +2(1 — 6). (12)

Egs. (10) and (11) are expressed as

6 1-0 05
A+ (L 2= p25/22 x 1550
+(0.9 01) 0.9 07
0.05 7 [0.9
B+ ]0.51-0)— 220]/~2 x 1.5 > 0.
+{05( ) 00 ] 05 % 5>0

It is easy to check that if 8 = 1, the constants A and B satisfy the abovementioned
inequalities. Figure 1 shows stationary welfare as a function of the nominal interest

rate when 6 = 1.

0.75 -
Welfare (W)
0.70 -
065 1 1 1 1 1
0 1 2 3 4 5
Interest rate (%)

Figure 1: Inflation and welfare

In this model, the output may or may not be larger when monetary policy deviates
from the Friedman rule. In the example shown in Figure 1, it is easy to check that

output is maximized by the Friedman rule. We can construct a version of the model

9



in which both welfare and output are larger when monetary policy deviates from the

Friedman rule. Such an example is given in Appendix B.

4 Case in which only buyers expend effort

It is difficult to understand clearly how buyers’ and sellers’ efforts interact with each
other in our model to produce the suboptimality of the Friedman rule. If we focus
only on one of these factors, we are able to understand the intuition of its workings.
In this section, we investigate a case in which only buyers expend effort to choose the
market. As before, the buyers choose the probability e’ of entering the C-market.
However, here, we suppose that sellers are divided into the two markets with equal

probability, 0.5. The value function of a buyer who holds m dollars is
VP(m) = max[—g(e") + e” max {u(q’) — ¢pq"}

eb pg®<m

L2 () = ody + W)l

(1 ey
10

The value function of a seller who holds m dollars is
V(m) = 0.5 H;@X[Qﬁpqs —c(g)] + C(1b, 1/2){pd — c(q)} + W (m).

The goods-market equilibrium condition in the C-market is e®¢® = 0.5¢°. Given a

nominal interest rate 4, the stationary equilibrium allocation {q¢°, ¢°*, €’} is determined
by

2 '(¢°)

e_z - c’qé2e%’qb) —b (13)
g = u(d) —(2e"¢"q" - c1-e.1/2) 1__62()1/2)05*, (14)

¢ = 2% (15)

10



As before, the condition on the efficiency in the S-market is Eq. (8). The next
proposition shows that the effort level is an increasing function of the nominal interest

rate as long as this rate is small.
Proposition 2 de®/di > 0 around the Friedman rule.

Proof. See the Appendix. m

The intuition of this proposition can be explained as follows. A higher nominal
interest rate makes ¢® smaller because of more severe monetary friction. A smaller
q® makes the buyer’s surplus s°(¢®) = u(q®) — pe® = u(¢®) — (¢*)q¢" larger as long as
the nominal interest rate is small. This is because under the Friedman rule, trade is
efficient (i.e., v/(¢°) = (¢*)) and then, if we fix e°, the surplus satisfies

0s’ b 1(9.b by b1/ b I s\ b

a—qbZ{U(Q)—C(%Q)q} = —2e'"(¢")q’ < 0.
Suppose that monetary policy deviates from the Friedman rule. If the price is fixed,
then the effect of deviating from the rule on the buyer’s surplus is zero because
{u(q®) — pg®} = u/(¢*) — d(¢°) = 0. However, this lowers the equilibrium price and
then, the deviation increases the surplus. The larger surplus makes entering the
C-market more attractive, and buyers expend more effort.

Stationary welfare W is
W = —g(e") +¢(1 = ¢",1/2)s* + e’u(q") — (1/2)c(2¢"q").
We obtain the following proposition on the nondesirability of the Friedman rule.

Proposition 3 The Friedman rule is not optimal if o < 6 and the following inequal-
ity holds:
(2¢°¢")q" > Bc(q”) + (1 — O)u(q"). (16)

Proof. See the Appendix. =

11



The condition o < 6 ensures that the private cost for buyers of exiting the S-

market is larger than the social cost, that is,

C(l — eba 1/2)

T 0s* > (1 (1 — e’ 1/2)s".

This externality makes the effort level at the Friedman rule strictly lower than the
socially optimal level. Thus, an increase in the effort level improves social welfare.
Therefore, deviation from the Friedman rule increases the amount of effort and, in
turn, increases social welfare. This result implies that the externality associated with
the extensive margin of exiting the S-market is crucial for the suboptimality of the

Friedman rule in our model.

5 Conclusion

In this study, we investigate a monetary model in which there are two decentralized
markets, and each agemt chooses which one to participate in by expending effort. In
one market, the pricing mechanism is competitive, whereas in the other market, the
terms of trade are determined by Nash bargaining. It is shown that the optimal mon-
etary policy may deviate from the Friedman rule, even though the search externality
is nonexistent in the competitive-pricing market. The intuition for the suboptimality
of the Friedman rule is given as follows. As the nominal interest rate deviates from
zero, the buyers expend more effort because a higher interest rate increases the gain
for buyers from entering the competitive-pricing market, while the marginal increase

in social welfare by entering the competitive-pricing market is also positive.

12



Appendix

In Appendix A, we provide proofs for propositions. Appendix B describes a
version of the model in which output increases when monetary policy deviates from

the Friedman rule.

A  Proofs

A.1 Proof of Proposition 1

The system is reduced to the following three equations for the three unknowns

{eb e, ¢b}, given i:

2 = € (c,(:;é—%—1), (17)

b b b s
) b [ €4 b g(l_eal_e) *
= - — 7 1
g'(e”) u(q’) C<es)q o 5", (18)
g\ ebqb ebgb C(1—eb1—e)
W) = ¢ e — - 1—0)s* 19
@ = ¢(F)E-o(F) - e
Stationary welfare depends on three unknowns, €, e®, and ¢

Wi(eb, e*, ") = —g(e’) — h(e®) + C(1 — e, 1 — e%)s* + ebu(q®) — ec(eq®/e®)

. b s b ~
Thus, we obtain % = %‘Z% + %% + g%ddii. In what follows, we let 6 = 1 — 0,

pb =1—¢eb and p* = 1 — e°. Differentiate Eqs. (17), (18), and (19) by i to obtain

de® de’ dq®
2:—Xli.+XQi—X3i

di di di’
de® dq’ de®
Xi— = —X5— + Xg—o
Y di R
de® dq’ de®
Xy— = Xg—t + Xg—o
" di s TN

13



b b, /.11
where Xl — cquc

e?)2¢bu’ w'c!eb o b\2 .11
T, Xy = GRS Xy = S(E5s — %), Xa = '+ L5 4
(Q;fbs)Q C198 X5 C//ebqb7 X6 — (qi););? o’ @lf;*, X h” (¢) (26(8)133)2 &’ n (less)z B Czuej ’
Xg = H((e )2 < and Xy = U ():;l; Cles . We obtain
de®

_X4X8 - X5X9 deb

di XoX7— XoXg di’
de 2X5(X5X7 — X6X8)
di A

(XaXy — X1 X7) X2+ (X1 X6

where A =

— X2X4)X5X8 + (X4X7 - XGXQ)X3X5 It is
shown that

2 ./ .b
X4X8_X5X9:—( >Cq |:X10 e Cl :|’

(€*)? ey
/1 ,b b
X5X7 - X6X8 ced |:X11 — 6_90 :|
e’ es pJ

(Hi)Q ST — %98* and Xll = h” -+

where X9 = ¢" +

is shown that

e )s* — fL—iQNS* In addition, it

3
(X2X9 B X1X7)X2 _(Qb):’)(cu 3 eb) u/ {
5=

b /N3 (. b\5,,/
(X1 Xg — XpX4) X X =) () ()

06(s*)2
(X4 X7 — XoXo) X5 X5 =Xy X5 | X10X11 — M)

e p
b 26” eb 0s*
(& el

(e°)?

X (qb)2(eb)20" (Xlo - 65<10~S*>
— (Xo Xy — X1 X7)X? — (X1 X6

— X3X4) X5 Xs.

14



where Xo = (—”0—7)(6”(6;)2(11)). Therefore, the denominator of de®/di, A, satisfies

QQN *\2 b\2 It beofs*
A= XX, <X10X11——“2 (S)> #x0E (x - 2250

:ublj“s es esMb

b\2 Gb 26” e’ éS*
+ X12—(q 1 3> X10 — il
(e%) ebps
e(,0s* e’ (,0s* 02 e’ (,0s*
> X3X5 <X10 - fblus ) (Xn - eiz,ub ) + X2 (@) <X11 e )

es €S,LLb
b\2 6b QC/I e’ éS*
o, @) (Xm_ G )

(e*)?

where the inequality follows from XY —xy > (X —z)(Y —y) for X >z > 0 and
Y >y>0.

Since 6 > «, we obtain

ow

S~ @) = @) =0

aW / * / S C * *

S =9 G +u(d’) — ¢"(¢°) = EQS —Gs* >0,
ow

Bor = —h' = (8" —c(q®) + (7))’ = £9~ *— (st <.

S

The assumptions directly lead to % > (0 and % < 0. Therefore, % = %dd—e:
g‘g% > (0. This inequality implies that welfare can be improved by raising the

nominal interest rate from ¢ = 0. W

15



A.2 Proof of Proposition 2

Differentiating Eqs. (13) and (14) with respect to i at the Friedman rule, we obtain

where

L)
1— eb)2 (1 —eb)

0s* +2(q )2 ”(2ebqb),

X
15 ( (26 b )2 )
2(e")u/(¢")c" (2¢°¢")  e"u"(¢")
Xi6 = 2 T (9obbY "
(c'(2¢°¢")) c/(2ebq)
In this case, we obtain djz = ﬁ, and the denominator is expressed as
<98* </95* 2( )2ulcll
"
Xi3X16 — X1uX15 = [9 + 1—eb)2 1_¢ ()2

(Os* ('0s* —ebu”

" . 2 b\2 1
+[gjL(l—eb)Q 1—eb+ (g")" d

which is positive. Therefore, we obtam " > 0 at the Friedman rule. W

A.3 Proof of Proposition 3

At the Friedman rule, the response of social welfare to the interest rate is

AW _OW deh oW dg _ OW de*
di  0eb di  O¢b di  Oeb di’

16



As a <4,
S = ()~ =12+ uld) — M)
C(1—e%1/2)

It follows that % > 0 at the Friedman rule. B

B Case in which sellers choose the market

To demonstrate that both welfare and output can increase if monetary policy deviates
from the Friedman rule, we describe a case in which only sellers choose the market.
Sellers can move only from the S-market to the C-market with probability e® if they
expend effort e®, which causes the utility cost h(e®). Buyers are divided into the
two markets with equal probability, 0.5. Thus, u® = 0.5. Here, we assume that the
buyer’s bargaining power in the S-market is equal to one. In what follows, we let
e’ =e.

The problem in the night market is the same as before. In the S-market, buyers

who have m units of money maximize their surplus 8 = u(q) — ¢d:

max[u(q) — ¢d] s.t. ¢d = ¢(§) and d < m,
d.d

where the first condition describes the participation constraints of the seller. If
¢m > ¢(q*), then pd = c(q*), ¢ = ¢* and 8° = s*. On the other hand, if ¢m < c(q*),
then ¢d = ¢m = ¢(q). The buyer’s value function is

M[u(cj) — ¢d] + 0.5 max [u(¢") — ¢pg’] + W (m).

,Ub pg®<m

VP(m) =05

17



As pb = 0.5, FOCs for V®(m) are

u'(q") > op,
oV 080 Osb

The seller solves
V#(m) = max[—h(e) + emax[¢pg® — c(¢*)] + W (m)]
e q
FOCs for V*(m) are

W(e) =c(q°)q" — clq®), (20)
op = c(¢°),

oV

om =¢

Eq. (20) determines e as a function of ¢°. Let e(q) denote the function that satisfies

W(e(q)) = d(q)q — c(q). Obviously, €'(q) > 0.
In competitive equilibrium, p* =1 — e and 0.5¢° = eq®. If

oM = ¢pq” = (¢°)¢" > c(q"), (21)

then the S-market is efficient and the C-market is inefficient. In this case, §* = s*
and the FOCs imply

o b 1( b
_ 0% _wld) 5y

oom  (q*)

Therefore, at the Friedman rule where i = 0, we obtain «/(¢°) = /(¢*). Given the

43

nominal interest rate, the quantity at the stationary equilibrium is determined by

4ic'(¢°) = u'(2e(q”)q") — ¢(q°)- (22)

18



Differentiating both sides of Eq. (22) by ¢°, we get

4dd_;c’(qs) +4ic"(q°) = 2{q’e(q*) Y'u" (2e(¢*)¢*) — <" (¢°). (23)

The right hand side of Eq. (23) is negative. Thus | <0 and

de
di

dqg®
_I(.s
e'(q%) pr

1=0

< 0. (24)

=0

Welfare is denoted as

W = —h(e(q®)) + €(0.5,1 — e(q”))s" + 0.5u(2e(q")q") — e(g°)c(q®).
Using Eq. (20), we obtain

daw
dq? N

—e'(q°)Cas™ + e{u'(2eq”) — ¢ (¢°)}

Under the Friedman rule, u/(2e¢®) = ¢/(¢®). This implies that ZZZ = —(s" () <

aw
=0 dg°

S
0. Therefore, % o = dgl.

improves welfare.

> 0 and a deviation from the Friedman rule
0

i=

Next, we show that total output may increase when monetary policy deviates from

the Friedman rule. To simplify the analysis, we suppose further that h(e) = Ael’::,
u(q) = B"li—_;, and ¢(q) = l%j: with ¢ > 1. The efficient quantity is ¢* = B#e. The
output is

Y =eq” +((1/2,1 —e)q". (25)

The FOCs are reexpressed as

4i(¢°)* = B(2eq”)™" - (¢°)%, (26)
p D e
Aef = m(q) ¢ (27)
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A(14+9)

3 )ﬁ Thus, we obtain

Eq. (27) implies ¢° = nets with 1 = (

P N— *de
ne™ (¢") ' — G(1/2,1—¢)| g T

Y [p+1+9
di | 1+¢

Eq. (26) implies that

pl¢+o)+o(1+¢)

B = (2e¢*)’(¢%)? = 270" 7 1%0

under the Friedman rule with ¢ = 0. Since ¢* = Bfﬁﬁ, we obtain neﬁ(q*)_l =

_ o _go 7P0'+0'(1+¢‘)
2 ey de 1S

_ptltéd @ .
We now choose the value of A so that n = ¢ “I%5" 77 where € is a small constant.

Next, we set B = 27¢#(2+¢/9)_ Then, it is easy to check that e = ¢ and neﬁ(q*)*l =

27 %¢. In this case, if € is sufficiently small,
p+14+¢ » .
—————neTHe < ((1/2,1 —¢€).
e @) < G121 -

Using Eq. (24), we obtain X > 0 at ¢ = 0.
di
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