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This paper shows that serially uncorrelated monetary noise can
affect output, even though every agent observes the price level and
the money stock, if government responds to real shocks imperfectly
and agents are asymmetrically informed. Furthermore, procyclical
money can be associated with countercyclical price. (JEL Classi-
fication: E32)

I. Introduction

In this paper, serially uncorrelated monetary noise can affect output
even though each agent observes the money stock and the price level.
One condition for such monetary nonneutrality is that some (but not
all} agents mistake monetary noise for persistent real shocks. Thus,
the model in this paper is related to the i1sland type macro models such
as Lucas (1972), Barro (1976), Weiss (1980} and King (1982). Yet,
unlike them, this paper is not subject to the criticism that monetary
aggregates are promptly available in practice (see, e.g., McCallum
1982; Gordon 1990). Furthermore, this paper is consistent with the
fact that the most of the information about inflation is known as it
occurs (see Huberman and Schwert 1985).

In addition to the prompt availability of nominal aggregates, a realis-
tic model of the business cycle should incorporate the fact that govern-
ment can observe current real shock (if not perfectly) and conducts
monetary policy in response (see Friedman and Schwartz 1963; Romer
and Romer 1989). In this paper, money growth depends partly on real
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shocks; the part of money growth independent of real shocks is called a
monetary noise. Thus, at least partly, this paper treats money as
endogenous, similarly to King and Plosser (1984).

Also, in actuality, information on current changes in tastes or pro-
duction technology is difficult to acquire, especially when such infor-
mation helps to predict future changes in tastes or technology. That is,
acquiring information on real shocks—in particular, persistent real
shocks—is costly. This implies that an asymmetric information struc-
ture is more realistic than a symmetric one, since given that informa-
tion acquisition is costly, if everyone were to have identical information
regardless of his or her information acquisition activity, then such
information is of no value in equilibrium and nobody would spend
resources to acquire such information (see Grossman and Stiglitz
1980). In this paper, I assume that some are better informed on persis-
tent real shocks than others.

Monetary noise affects aggregate output for two reasons. (i) The unin-
formed mistake it for the innovation to persistent real shocks. (ii} As
the responses of the uninformed affect the return to labor, the in-
formed also respond to monetary noise even though they know the
nature of shocks. This is similar to a result in De Long, Shleifer,
Summers, and Waldman (1990) that irrational agents’ behavior may
affect rational agents’ decision making. This paper shows that even
without any irrationality, rational informed agents’ behavior may
depend on the confused behavior of the uninformed when responding
to monetary shocks. This seemingly irrational behavior results from
uninformed agents’ optimizing behavior. Namely, to the uninformed,
the knowledge of temporary monetary shocks is worth much less than
that of persistent real shocks. Thus, in an attempt to figure out persis-
tent real shocks, uninformed agents over-react to monetary shocks.
Such over-reaction of the uninformed distorts the return to labor of the
informed. Thus, the informed respond to temporary monetary shocks
even though they know the nature of shocks. Furthermore, since it is
the uninformed who distort the return to labor of the informed, the
output response of the uninformed to the monetary noise is greater
than that of the informed. This paper also shows that if agents have
the symmetric information set—either all the agents observe the
shocks or none of the agents observe the shocks, then the monetary
noise does not affect the output. Since even if all are uninformed, they
can infer the monetary noise perfectly from observing the money stock
and the price level. Finally, this paper shows that procyclical money



NOMINAL AND REAL VARIABLES 307

may be associated with countercyclical price, which seems consistent
with recent findings by Kydland and Prescott (1990).

II. Structure of the Economy

Consider an infinitely lived economy, populated by many two-period
lived agents. For simplicity, agents work only when young; consume
only when old. Population changes stochastically over time; 6, denotes
the current ratio of the number of the young to that of the old. Each
young agent wants to maximize the following expected utility function:

1 N 1 -
1)(nt,ct+l)=—l+antl a+i——ﬂE{CLflgt}, (N

where a > 0 and 8 > 0.! n, is the amount of labor, which yields the
same amount of the non-storable consumption good. ¢, is an agent’s
old age consumption. g is the Arrow-Pratt measure of relative risk aver-
sion, which also governs intertemporal substitution. Q, is an agent’s
information set.

Government issues fiat money; new money is injected by means of a
beginning-of-period transfer, in a quantity proportional to initial money
holdings. Let m, denote the {gross) money growth rate. The money bal-
ances of a young agent equal the market value of his labor-output:

M, = pn,, 2)

where p; is the price level in period t.
After a proportional transfer, the agent, now old, spends all his
money to consume goods:

M = Mmy,,, {3)
M. = PuiCua- 4)

The population growth rate 6, consists of a temporary shock g, and a
persistent shock z,, the log of which follows an AR (1} process:

0= zg and z, = 2,0, (5)

where p € (-1,1) and n;, is the innovation to persistent shocks.

1f g = 1, then from (2) through (6). (10) and (11), the equilibrium price under
perfect foresight is: p, = M,/6,. That is, even though each agent has complete
information on the future states, each has no use of such information. In the
text, I only consider the case of 8 + 1.
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Government conducts monetary policy in response to real shocks;
yet, it responds imperfectly. The current money growth rate m, consists
of current real shocks and a monetary noise x;:

m, = x67 = x{z % ne€)’. (6

If 6 > 0, the government accommodates real shocks; if 6 < 0, it coun-
teracts real shocks.

As for the information structure, the uninformed observe the price
level, the money stock, and all the shocks realized through period f-1.
The informed observe 7, the innovation to persistent real shocks, in
addition to the information that the uninformed have. That is,

Qt1= {ne My, pp Qc1ts Qltj= My, pp, @1}

A
€ = X1 Xegs oot Mets Niegy o3 Etts €2y o--bs

(7)

where the superscripts I and U refer to informed and uninformed,
respectively.

Substituting (2), (3) and (4) into (1), then, differentiating it with
respect to n, one gets the amount of the consumption good produced
by an agent jfor j=1, U:

1
n{ = E{(pmmy., / P ) P190119+7 ®)

Note that p;m,,,/p;, is the return to labor. If an agent works and pro-
duces one unit of the consumption good, the agent gets p, dollars from
the old. After a transfer from government, the agent has pm,,, dollars.
Thus, in exchange for a unit of current good, an agent gets pymn. /P,
units of future good. According to (8), production varies with the return
to labor if 8 & (0,1); it varies inversely with the return if g > 1. This
results from the fact that substitution effects dominate wealth effects if
B < (0,1); wealth effects dominate substitution effects if §> 1.

For simplicity, geometric averaging is used to aggregate agents’ out-
put. Thus for A &< [0,1],

log 7, = Alog n{ + (1-A)log n¢, 9

where 7, is the average output per young agent, and A is the share of
the informed.2

2Following Grossman and Stiglitz (1980), one could extend the model in this
paper to endogenize the fraction of the informed using a non-cooperative Nash
equilibrium concept. Such an extension would be interesting since it would
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Let the size of the period t old be normalized to 1. Then, 6, is the size
of the period t young, and the aggregate production in period t. y,
becomes:

U, = 67, (10)

Note that 6, can be interpreted as a productivity shock in a constant
population environment.
In equilibrium, the real balances of the old equal the consumption
good produced by the young:
M, -
—t =g, 11
P Y
Finally, 1 assume that (x,, ¢, 1) is independent and has a stationary
joint log-normal distribution. More specifically.

log x, o200
logn, | ~ N(0,X), where Z=| O of, 0 (12)
lOg & 0 0 0_?

III. Characteristics of Equilibrium

From (7), (8), (9) and (10), the equilibrium condition (11) can be re-
written as: for any A € [0,1],

A A
M o QB (P / PV PRI P BN pimar / B} HlQE N, (13)
t

In the appendix, I show that the following price equation satisfies
(13) for any A € {0,1],3

Py e =M, 2[4 (x,n{?e[* )", (14)

where

show how the fraction of the informed would respond to changes in the vari-
ances of the shocks. In this paper, however, I do not consider such an
extension, since it would complicate the analysis without altering the main
results.

3With certain restrictions on a and 8, one can show that (14) is unique among
the class of uniformly bounded, forward looking, and market fundamental solu-
tions.
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y1=1+6w(720?/D;

1+a)r K
—6-9tB (50,128 1 (a+pPO-4) .
it l+a (%0 Y4)1+a +6p—y4 (1+a)(1-pB)42 o507 / D

y1y3=6—a+ﬁ—(a+ﬁ)(l_”(1+ 1 a+f o202 / D:
x%n ’

l+a 1+a)r dp-y, 1-8)2

y4=ap—p/{1+(1—p)~11-’i};
a+f
_ A
B=BY (1= 1,202 + (8- 17,2 0% + (8 - iyaPo?

_ 1
kll =exp[—2— a+fp

s

2
_a|-2*B_
+ M((l—ﬁ)l) oxonor /D)

2 2
D=02ll1 1 _E‘_;*L) o2 ( 1 __OLI.L’;) o2 |+ 620202,
{( T op-1s 1-pn) "\ ooy, a-pa) T[T

According to (6), (10), (11) and (14}, the log of aggregate output be-
comes:

log y, = log k' + (8p — y4) log 2., + (1 - y,) log x,

(15)
+ (6 - y1yollog e + (6 — 1175} l0g &,

Some of the relevant characteristics of the equilibrium solution (14)
and (15) are as follows. First, as long as both the informed and the
uninformed coexist, A € (0,1), a monetary shock x; (an unexpected in-
crease in money growth to the uninformed) affects aggregate output.4

4King and Trehan (1984) have also considered endogenous and observable
money growth. They claimed that even without the asymmetric information
structure—that is, even in case of A = 0 or A = 1, serially uncorrelated monetary
noise can be non-neutral. According to the discussion below, this is in contrast
to the results in this paper. King and Trehan’s result, however, follows from
their restriction that agents can not use all the available information. More
specifically, according to their money growth equation (equation (5a), p. 388},
money growth is a known linear combination of aggregate real shocks and the
monetary noise. According to their output equation (equation (9), p. 391), out-
put is a linear combination of money growth and the aggregate real shock. Note
that since agents are identical in their setup, each knows the equilibrium level
of output. Since agents know both money growth and output, they can infer real
shocks. Using the money growth equation (equation (5a), p. 388}, agents now
can infer monetary noise perfectly. Consequently, monetary noise can not affect
output in their setup.
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Since y, <1 iff § <0, a positive monetary shock increases output iff § <0.
That is, as long as agents are asymmetrically informed, the condition
under which monetary noise increases output depends on how govern-
ment conducts monetary policy. Unlike Lucas (1972}, the condition
does not depend on the degree of relative risk aversion. Also, unlike
Lucas (1972), y, can be negative—a positive monetary shock can even
decrease the price level, while it increases output.5 Second, if all the
agents have the same information set—all are either informed (A—1) or
uninformed (A—0), then y,—1. That is, even though all become unin-
formed, a monetary shock does not affect aggregate output. This
results from the fact that an agent, even if uninformed, can infer the
current monetary shock x, from the price level and the money stock
since all the agents behave identically.® Finally as 02—, y;—1. Thus,
as expected, if the variance of monetary shocks increases, a monetary
shock tends to affect aggregate output less in magnitude.

For the remainder of this section, I discuss how a positive monetary
shock affects aggregate output, provided that agents are asymmetrical-
ly informed and the government accommodates real shocks. To do that
I need to discuss the interactions between the responses of the in-
formed and that of the uninformed to various shocks. First, as indicat-
ed in (7}, the informed know the current innovation to persistent real
shocks. To the uninformed, the innovation to persistent real shock 7, is
the most important among the current shocks, 7, ¢, and x; (see (A3) in
the appendix). Thus, not surprisingly, the market mechanism trans-
mits, at least partly, the information of the informed on persistent real
shocks to the uninformed. That is, according to (14) and (15) (see also
the appendix), the uninformed learn imperfectly the information on
persistent real shocks that the informed have from the price level and
the money stock. Furthermore, as the share of the informed A increas-
es, the market mechanism reveal more about the innovation to persis-
tent real shocks under normal circumstances—I consider circum-
stances are normal if persistent real shocks are positively serially cor-
related (p > 0) and substitution effects dominate wealth effects (8 < 1).7

5y, becomes negative if o is sufficiently small and 0 < -6 < ﬂl:%.

6The case of A = O is essentially the case considered by Izigg and Trehan
(1985).

7According to (A2) in the appendix, the market mechanism reveals 7/>°£/*"° .

From (A10), Ym0y, (l_—ﬁ]}"(ép— v). Thus, as A increases, Y2~9 increases if
Y3— o a+f Y3—0

O<pand < 1.
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This is consistent with a conjecture in Grossman and Stiglitz (1980, p.
394, Conjecture 1). Thus, under normal circumstances, the behavior of
the uninformed depends on the way the informed respond to the real
shocks.

As for the monetary shocks, however, the opposite results: the con-
fused behavior of the uninformed affects the way the informed
respond. This results from the fact that the persistent real shocks are
most relevant for the agents in predicting the future state of the econo-
my (see (A3} in the appendix). Thus, to the uninformed, the knowledge
of persistent real shocks is much more important than that of tempo-
rary monetary shocks. In an attempt to figure out persistent real shocks,
uninformed agents over-react to monetary shocks—this is a conse-
quence of uninformed agents’ optimizing behavior. Such over-reaction
of the uninformed distorts the return to labor of the informed.
Consequently, even though they know the nature of shocks, the in-
formed respond to temporary monetary shocks. Note that this seeming-
ly irrational behavior does not occur when agents respond to persistent
real shocks.

More specifically, the coefficient of log x; in (15) can be written as:

1-g1-21 [s1=B1=-A_s1)
{51+a 0202/13} {\61 = Hoi’oz/D}u Al (16)

(To derive (16), first, compare (13) with (A3} in the appendix, then, sub-
stitute y, in (14) into (A3).) The first term in (16) is the output response
of the informed to monetary noise. Suppose 4 > 0 and only monetary
noise buffets the economy currently: x;, + 1 and z,, = , = ¢ = 1. Then,
from (6), m, = x,. Since 8 > 0, y, is greater than 1 due to the confusion of
the uninformed (see (14)). Thus, x, changes p, more than proportional-
ly. The informed know that p,,; will change proportionally to x,, since
when the next period comes, the shocks realized in period ¢ are known
to all, and that x, does not affect m,,,. Thus, x, increases the return to
labor p;m,,,/p;,,. Therefore, even though the informed know the nature
of shocks, they respond to monetary noise in a non-neutral way.

The second term in (16) is the output response of the uninformed to
monetary noise. The second term has two parts. In terms of the return
to labor p;m,,/p..:. the first part is the output response due to a
change in p,, given my,,/p;.,: the second part is the response due to an
expected change in my,/p.). given p,. Without the second part, the
output response of the uninformed would be identical to that of the
informed. However, the second part dominates the first part: the unin-
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formed respond to x, negatively if 6 > O, regardless of . Thus, if 8 € (0,
1), the output response of the uninformed to x; is opposite to that of
the informed. Furthermore, the output response of the uninformed due
to confusion dominates that of the informed when they respond to
monetary noise. This result is due to the fact that it is the uninformed
who distort the return to labor of the informed when responding to the
monetary noise, not the other way around.

To see why an uninformed agent’s output response to monetary
noise is negative if 6 > 0, first, I re-write the information set of the
uninformed in equation (A2) in the appendix as:

U = {log x, + 6(log 1, + log g,), (y,~d)logn, +(y5- 8)loge,, Q).

Since n,=¢,=1, (yo — 0 log n; + (3 — 8 log &, = O or log & ——lz——élog .
3

Thus, Qf becomes {log x; + 6( ZY_L?) log 1, Q,_,). Note that if p > 0 and
.

B € (0, 1), for example, then Y2795 1 — the uninformed respond to n,
Ya~—
more than to g. Since n, affects log m,,, by éplogn, (see (6)) and logp,,,

by y, logn, (see (14)), it affects log (m,,/p.1) by (6p — y4) logn,. Ignoring

constant terms, 7, affects the log of an uninformed agent’s production

by f; (6p — v4) log n, (see (8)). Thus, an uninformed agent’s output

response resulting from the confusion becomes:

E{—ﬁ(ap Y4)log 77t|10gxz + é(i“_) log n; }
a+p Y3

(17)

-

\6

152 /D’\ log x, + 8] 13712 | 10g 1, |,
A ) y3— 0

0p-y, (1-B)A
of (17) is - {(6%02,,)/ D'} log x,, which looks very similar to the second

2
where D' = (__l_ a+p )oi+ 62037. Since 7, = 1, the right hand side

part of the second term in (16) (if o> o, they are identical).

Therefore, under normal circumstances, i.e., p > 0 and g < (0, 1), the
uninformed would like to respond to persistent real shocks more than
to temporary ones. In doing so, uninformed agents mistake a positive
monetary shock for a negative persistent real shock if government



314 SEOUL JOURNAL OF ECONOMICS

increases money growth in response to positive real shocks. Such a
mistake results in monetary non-neutrality. Furthermore, since it is
the uninformed who distort the return to labor of the informed, the
output response of the uninformed is greater than that of the informed
when they respond to monetary noise.

IV. Implications for the Comovements among Money,
Output, and Prices

In this section, I discuss some statistical relationships among money,
output, and prices. From (6), (14) and (15), I have:

Cov(loth,log§,|§2t,l] =6{a +f (02 + 02) + (39— 1) 1-8 0?1}
l+a l+a

Cov(log M,, logpt’gt—l) =05+ 5{\ ) (02 + 02)-(8p - 74) i:l; 0'%}

— A _( _a+ﬁ\a+ﬂ
Cov(log p,.10g G;|2,_,) o R AR

(6-2%%B\ sy 4 1=B
+\6 21+a/(6p Y4)1+aa?’

-B (@B 1-2\* oxor0?
{(513 “) } \1+a A/ D

First, the monetary policy parameter é determines the sign of the
conditional covariance between money and output, except for the case
of B> 1 and p < 0. If for example § > G and p > O, the conditional
covariance between money and output is positive. A does not affect the
covariance. Thus, even in case of A = 1, where all the agents know the
nature of the shocks and, thus, monetary noise does not affect output
(see (15)), money is procyclical if 4 > 0 and p > 0.

Second, if o> is small and 8 is positive and small, the conditional
covariance between money and price can be negative, though money is
procyclical. Yet, if ¢ is large, the covariance is positive. Thus, even
though money is procyclical, the model does not restrict price to
behave in a specific way: money and price may move together or in
opposite directions.

Third, the conditional covariance between price and output can be of

a+p 2_*_/3+(5p_y4) %‘_ﬁ_}, the
+a

any sign. If p > 0 and 0 < 6 < min| oo 1ta
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covariance is negative. Therefore, if p > 0 and d is positive and small,
procyclical money may be associated with countercyclical price. Note
that such money-output-price behavior is consistent with recent find-
ings. See, e.g., Kydland and Prescott (1990).

V. Concluding Remarks

Money can affect output for many reasons. An increase in money
growth increases inflation taxes; an increase in money relaxes liquidity
constraints. Even without these, this paper has shown that a serially
uncorrelated monetary noise can affect aggregate output.

The novelty of this paper lies in the fact that unlike the previous
models of the business cycle with incomplete information, agents are
interested in knowing persistent real shocks not the monetary noise
since the persistent real shocks are the most relevant for the prediction
of the future state of the economy. Furthermore, under normal circum-
stances, the uninformed would like to respond to persistent real shocks
more than to temporary ones. In doing so, uninformed agents mistake
a positive monetary shock for a negative persistent real shock if gov-
ernment increases money growth in response to positive real shocks.
Such a mistake results in monetary non-neutrality. Since it is the
uninformed who distort the return to labor of the informed, the output
response of the uninformed is greater than that of the informed when
they respond to monetary noise. The monetary noise does not affect
output if all the agents observe the shocks or none of the agents
observe the shocks. In the latter case, monetary neutrality results as a
consequence of the fact that even though monetary noise is not directly
observable, agents can infer monetary noise from the price level and
the money stock. Finally, this paper has shown that procyclical money
may be associated with countercyclical price, consistent with recent
empirical findings.

Appendix

In this appendix, 1 prove that for any A € (0, 1], the price equation
(14) satisfies the equilibrium condition (13). First, I conjecture that

Dig = Ko M12/4(xen{2e[°). (A1)

Then, according to (6), (7) and (Al), the information set of the unin-
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formed can be expressed as:
= (M,.p;. 1-1} ={m, p,. Q. 1]
= {logm, - E(logm, Qt—l)' log p, - E(log p, Qt-l]' g‘21—1} (A2)

) [ 6 =
= {x(ne, )’ ¥ %e[57°, Q)

From (5), (6), (7), (A1) and (A2), the condition (13) can be re-written as:
for A€ (0, 1],

1-g
~1,00-14 4 1~71 . 0-7172 8-1173 _ [P (r4-0p)1-p) . .11-1, v172-8 71736 Ja+
ki 'z & =2 ne 2]} Xet M & |+#

(Bp-v4)—— L8,

14
x 1 a+ﬁ [E{n(ép-m)(l ﬁ)l X (ntst)a 72 I ya—a}]a+ﬂ (A3)
1
x [E(Xg:lylnulhyzst “Nra)-plarp
According to Rao (1973}, if log y ~ N (u, %), then
1
Ely) = exp [u+ 3 7. (A4)
Thus,
E[(xz:lnnmmzeé "1rajl-py
(A5)

- exp “‘T””{u— 7202 + (8- nyaPo? + (8- nygPa?l].

Define Y such as

Y log x, + 6log n, + 6 log ¢,
Y=|yy|=|{yy-8)logn +(y;-d)loge, |
Ys (1-B)(8p-v4)log

From (12}, E(Y) = 0 and X', = E(Y'Y). £',, a symmetric 3 X 3 matrix, can
be expressed as:
p o [Fr )
291 Os

where X' is a 2 x2 matrix, consisting of the first 2 x 2 elements of X,
3%, is nonsingular as long as y, + y3 and 8 # 1. I first posit y, #+ 73;
then verify it later. From Rao (1973, Chapter 8),
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E(ysly;.Yp) = 25,217 (U - E(). Yo - E(yp )} (A6)
Var(yslyy. Up) = 033~ 25,2172,

g1 L (y2- 6RO +(y5— P02 - 6l(ya— 8)02 +(y5- 8)o?) |
- 8{(yy— 8)02 + (3 - 8)0?} 02 + 62(02 + o?)
D’ ={(y,— 802 +(ys— 6 02102 + 8%(y, - yaP 0202
= (Z},) = [(1- B)Ep- 1,)802. (1- B)Sp- 74)(v5— )02;
053 = (1- BP(8p- 14?02

Thus,

E(yslyy. yp) = (1- B)8p~ v4)02 / D'Md(y3 - 8)(y3~ v2) 02 log x;
+1{(yy— 6P 02 + 62(yy ~ v3P o2} log n,
+(yy- 8)ys— 8)o2log &,);

Var(ysly,. y,) = (1- BP(8p- v, P(ys - 6P 020202 / D'

From (A4),

(A7)

E[(nﬁa‘*“m_m X (1€, ), ntm_astya_é} = exp|E(ysly;. ys) + %Var(y3|y1,y2)]. (A8)

Substituting (A5), (A7) and (A8} into {A3), then, matching exponents,
one gets for A € (0, 1],

y =1+ awwp 74)ys = )y, - v5)020% / D';

a+f (o (1=-f)A 1-8)1-7y)
Te o (6p - y4)—~t—= e -(8p~- y)—u o

x {{y, - 6P 02 + 82(y, - 3)202102 /D%

Nra=96-

7173-5—1+ﬁ (6p- y)%wz—a)(ya 8)o%02 /D' (A9)

Ya=0p- p/{l+(l ;0)1 ﬁ}
a+f

kit = explL 828 10y o2 4 (5- 02 + (8- 1,752 02
3 = expl s B (1= 7,02 +(8- 1172 02 + (8- 1,73)2 07

+(1—- A)N8p - v4) (s~ 6)20§0%03 /D1l
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From (A9),
_eelle0¥B 1 A\
Yo o {1+(l—ﬂ)l p— Ya }(Yz Ys),

. a+p 1
(1-B)A 8p—y,

(A10)

y3— 6 (y2- 73}

According to (A10), y, + y; as long as A > 0 and g # 1; thus, X%, being
nonsingular is verified.
Finally, using (A10) one gets (14) from (A9) and D" in (A6).
Q.E.D.
{(Manuscript received July, 1993; final revision received March, 1994).
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