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< Abstract >

Money illusion, first documented by Fisher(1928), is the phenomenon that the
agent cannot distinguish real monetary value from nominal one. In this paper,
money illusion is considered as a matter of information based on the Grossman
and Stiglitz(1980), and the agents can resolve it. According to this model, the
uninformed investors remain as money-illusioned when deflation occurs, but
resolve money illusion when inflation happens for certain conditions of the signal
if the cost of calculation to resolve money illusion exists. The inflation calculating
cost, as the information cost, makes complementarities in information acquisition.
As a result, multiple equilibria and price swings can be generated theoretically in

this model.
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1. Introduction

Nowadays, the price level is quite stable and inflation rate is maintained at moderate level
around the world. However, in recent crises, many major countries have implemented
expansionary fiscal and monetary policies, which can lead to high inflation. So, the real
economy is more likely to be affected by inflation.

Money is illusionary because it cannot increase the utility level of the agents. On the
other hand, the purchasing power of the money, which is the real value of money can
increase the level of utility. In the mainstream economics, every economic choice of the
rational agents is based on the real value. However, in reality, decisions are often made
based on nominal value rather than real one. Fisher(1928) defined this phenomenon as
money illusion.

Following Fisher(1928), many studies investigate money illusion. Modigliani and
Cohn(1979) assume stock market investors suffer from money illusion and they have
difficulty in estimating long-term future growth rates of cash flows, and show a negative
relationship between the stock returns and the inflation.  Cohen, Polk, and
Vuolteenaho(2005) support Modigliani and Cohn(1979) with focusing on safe assets and
Treasury bills. Campbell and Vuolteenaho(2004) show the effects of money illusion on
stock returns based on time series decomposition of the dividend yield model(Gordon,
1962). Lee(2010) shows that the stock return-inflation relation depends on the business
regime. In Basak and Yan(2010), the higher price level, the lower is the real consumption
of money-illusioned investor. Recently, Ma, Wang, Cheng, and Hu(2018) develop a
dynamic asset pricing model with money illusion and heterogeneous beliefs, and show
that stock risk premium is inverse-U shaped as inflation disagreement increases. And
Shafir, Diamond, and Tversky(1997) show empirical evidences for existence of money
illusion.

Money illusion is also called as inflation illusion. Since money is illusive, there are
many kinds of costs associated with inflation for resolving the illusion. According to
Ackley(1978), these costs can be categorized into redistributive effects, effects of
accounting and taxes, effects on aggregate demand and supply. Mankiw(1985) proposes
the concept of menu cost, which is the cost of rewriting prices on the menu to account for
price rigidity.

In addition to these types of explicit costs, there are also implicit costs of inflation.
One of the implicit costs to resolve money illusion is calculating the inflation rate. And

this can be interpreted as one of the information costs. Although money illusion is used



to explain major phenomena in economics and finance, it is difficult to find a study that
analyzes money illusion in terms of information. In this study, money illusion is
considered as a problem of information based on the Grossman and Stiglitz(1980). And
it is assume that the uninformed investors can choose to either resolve money illusion by
purchasing information or strategically become money-illusioned investors. According
to this model, the phenomenon of money illusion can appear or disappear depending on
the price levels. Generally, although the uninformed tend to behave as money-illusioned
in deflation(if the information cost is higher than certain level, ¢;), but when inflation
occurs money illusion is resolved under certain conditions on the compound signal(s &
[g, E]) Moreover, it is dependent on the level of inflation-calculating cost.

In the Grossman and Stiglitz(1980) model, the more informed investors the less
valuable the information is. However, Diamond and Verrecchia(1981), Ganguli and
Yang(2009), and Manzano and Vives(2011) show that complementarities in information
acquisition generate multiple equilibria. In this model, there are information
complementarities and multiple equilibria can be derived due to the cost of calculating
inflation. Therefore, the equilibrium price are path-dependent and can fluctuate
significantly.

The structure of this paper is as follows. Chapter II covers model assumptions and
theoretical analysis. The value of information and information acquisition are covered in

Chapter III, and concludes with Chapter IV.

I1I. Model

1. Assumption

Following Grossman-Stiglitz(1980), there are one risky and one riskless asset in economy.

The payoff of risky asset f is
f=0+c¢, 6~N(u, 68), e~N(0,02)
The asset supply z is normally distributed as

z~N(u,, 07)



A riskless asset is also tradable and its rate of return is zero. And supply of riskless asset
is perfectly elastic. All investors have negative exponential utility u with constant

absolute risk aversion coefficient A, as follows

u(W) = E[—e~4"]

where the wealth level is defined as W, and its initial value is zero.
In this model, money illusion is considered as a matter of asymmetric information.
So, money illusion cannot affect informed investors. When p is the observed asset price,

the demand of the informed is

E(fl6,p) —p _ 0—p
A-Var(fle,p) Ad?

x(0, p) =

Meanwhile, uninformed investors can be affected by money illusion. In Section 2 of
Chapter II, it is assume that the uninformed participate in the stock market as money-
illusioned. In Section 3, they can resolve it strategically with the cost of calculating
inflation rate. Finally, Section 4 covers the general equilibrium price when the
information cost exists.

The uninformed investors participate in the stock market in two ways. The first is the
same as Grossman-Stiglitz type liquidity investor(subscripted as L), and the other is

governed by money illusion(subscripted as MI). Then non-illusioned liquidity investors’

demand is
E(flp)—p _WMps—p
xL(P, p) = = fls 5
A-Var(flp)  Aog,
where
_ Ao} Ac?
l‘lf|S(S’ iu') = (1 _7])#+ bOns' n= Azo_z +A20-ZZO-€4' bO = T'
2 2 2
040
o=t +75E, ot = (1) o+l

A is the proportion of informed investors, and which is exogeneous variable in this
Chapter II. It will be determined endogenously in Chapter III.
However, the investors governed by money illusion cannot distinguish the real value

from the nominal value. In this model, the uninformed are governed by money illusion



only on the payoff(f). And it is assume that the previous price level is normalized to one,
then the following price level is the inflation rate I7 itself. Since they are not aware of
the real values of the payoff, only the nominal value of payoff can be observed as IIf.
Then, they choose portfolio holdings x,,; (P, p) to maximize the expected utility of their
final wealth W,,; = (IIf — p)x,,; conditional on the observed price p. So, their demand

can be expressed as

NE(flp) —p _ Iups —p
M*A-Var(flp)  M?Adf

X (P, p) =

Definition (The deep deflation and deep inflation)
If IT < I, deep deflation occurs. And deep inflation happens when I7 > 1. For details
of IT and I, see the Appendix.

In the following of this paper, deflation and inflation are regarded as exclude deep
deflation and deep inflation, respectively. Deep deflation and deep inflation are covered

in the Appendix.

2. Baseline: Money-illusioned uninformed investors

When the uninformed are governed by money illusion, the equilibrium price is affected
by price level, i.e. inflation or deflation. Let conjecture the equilibrium price function as
P(0,z) = P(s(@, Z)), where s(0,z) = 0/b, — (z — 1) is the compound signal. From

the market clearing condition,
Ax;(0,p) + (1 — Dxp (P,p) = 2
the equilibrium price P, which is a function of signal s, can be expressed as

P(s) =a; + bys
where
W - MAc2{(1 — NAc2c2u — lI(Ac§ + A%c}0202 + A%020X)1,}
T {A(IT? — 1) + 13of + A2 A%040202 + {A(IT? — 1) + 1}A%020
B MAGZ[{A(IT — 1) + 1}0f + [1A%040202 + [TA%020]
TR{AUT? — 1) + 136} + AT2A%02 0202 + {A(IT12 — 1) + 1}A20204




When II =1, the equilibrium price is identical to the price of Grossman-

Stiglitz(1980), which is

P,(s) =a, + b;s
where
| AcZ{(1 = DAdiolpu — (Ao + A2ajo}al + A’ala)u,}
a, = aylpeg =
1 =t A0 + AA%0f020% + A%020t
b = b | Ac2(Aog + A%040202 + A%c2al)
LTI Q262 + 1A2040202 + A2oZal

Lemma 1.

When deflation occurs, b, < by, and b, > b, under inflation.

Proof.

See the Appendix.

<Figure 1> and <Figure 2> show the price curves when the uninformed are governed
by money illusion under deflation and inflation, respectively. When deflation occurs, the
slope of the price curve b, is less steep than that of Grossman-Stiglitz(1980). However,

b, is steeper than the slope of Grossman-Stiglitz’s price curve under inflation.

<Figure 1> Price curve with the money-illusioned uninformed investors when
deflation happens
Solid line is the price curve over signal s when the uninformed are governed by money illusion

when deflation occurs(/ < 1). And dashed line is the price curve of Grossman-StiglitZ(l980)t
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<Figure 2> Price curve with the money-illusioned uninformed investors when inflation
happens
Solid line is the price curve over signal s when the uninformed are governed by money illusion

when inflation occurs(/l > 1). And dashed line is the price curve of Grossman-Stiglitz(1980).
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3. Strategic behavior under money illusion

In this section, the uninformed can strategically choose their behavior on money illusion
after observing the price level or inflation /1. And assume that there is the information

cost to resolve money illusion. Let c),; be the cost of calculating inflation rate.

3.1 Deflation

Proposition 1.

Under deflation(/T < 1), the uninformed remain as money-illusioned if cy;; > ¢y

Proof.
Let u, (P, p) and u,,; (P, p) be the utility of non-illusioned uninformed investors and
that of money-illusioned investors, respectively. Given P(s), the uninformed remain as

money-illusioned if following is satisfied.



(.uf|s - P(S))z (H.ufls - P(S))z

‘LLL(P; p) < uMI(P' p) And 2A0'f2|s ~Cmr < 2H2A0'f2|5
1 1
< (1 B ﬁ) P(s)* - (1 - ﬁ) 2u55P(s) = 2¢y Adfis <0
nm-1da+1 2 '
T{TP(S) =2z sP(s) — CMI} <0
where
. 21'IA0f2|S
Cur = — Cmi
-1 m+1 5 T+ 1
S {bn( it by — ZbOTI) s°+ 2{ @b = (1 =Mbrpt = anbon}s
nm+1 /
+ az; —2(1—n)au— CMI}

m-1

B , m+1
= T{MTES + 207.[5 +

a%—Z(l—r])anu—c,’V”}<O
S M,s?+20,s + !
s T

ar—2(1—mau—cy; >0 - ()

where

(I + 1)A%62[2{(IT — DA + 1}6¢ + [1A%c50202 + [1A%62 0]
AT — DA+ 1}o5 + 1A1%A%650202 + [1A*6 0} 08
B +A{(2I1 — 1A + 1}A%0Z 020l + 1A*05 008
22(220% + A20202)[M{(I1? — DA + 1}0 + 12442020202 + {(I1? — 1A + 1}A20202]?
O

(1= DT + 1)A%6202 (%04 + A%0262)[{(IT — 1A + 130 + [1A%ci0202 + [1A%62 0]
402 —2(1 = DA%*6Z 0202 [{(I1* — DA + 132264 + [1?AA%050202 + {(IT1? — 1)1 + 1}A%620]
€ —A%20202[{(I1? — VA + 1}A%0% + [1?AA%0¢ 0202 + {(IT* — 1)1 + 1}A%020]
B X [{(IT — DA+ 1}A05 + [1A%6Z 0202 + [1A%02 0]
B (2203 + A20202)[{(IT? — A + 134267 + [T2AA%03 0202 + {(IT> — 1A + 1}A%0202)?
(IT + 1) (%04 + A%0202)(Acf + A%0f 0202 + A%020d)
12 A2 x [{(IT — DA+ 1}A0F + [1A%0; 0262 + [1A%0202]
€ —Ao¢ (Ac¢ + A%0i020? + A%o2cl)
x [{(IT1? = DA + 1}2%6§ + T?AA%650202 + {(IT> — 1)1 + 1}A%0202]
(2203 + A20202)[{(IT? — 1A + 132267 + [TPAA%03 0202 + {(IT> — 1)A + 1}A%0202]? Ha

Due to M,; > 0, the discriminant of (*) is negative if ¢cy;; > ¢y, Where

_ (= m{A ~ )by — anbon}®
211Ac} My

Cmi

€
1-mn [ +105 (Ao + A%ch0202 + A%ctod)u,
222(A%0¢ + A%0Zc20 + A%c2a?)
X (1T + 1)A262 M1 — 1A+ 1}07 + [1A%0; 0202 + [1A%020¢]
{1 — DA+ 1305 + 112A%050202 + [1A*0f0t08
[ +M{2I — VA + 1}A%0; 020l + [1A*cfatag ]

A?0202 (%0} + A’0f0ta? + A202264)u]2




Thus, (*) is positive for all s, and the money-illusioned investors’ utility is always higher

than that of the non-illusioned under deflation when c¢,;; > cy;.

Q.ED.

3.2 Inflation

Proposition 2.
When inflation happens(/l > 1), the uninformed resolve money illusion and take non-

illusioned behavior for s & [5, §]

Proof.
Same as Proposition 1, the uninformed choose to remain as money-illusioned if following

1s satisfied.

2 2
P 1) < uay (P, ) (.uf|s - P(S)) - (Hllns - P(S))
u,(P,p)<u ,p) & ——2—¢C -
L M’l z,alwles M 21%Ad},
2
o (1 - ﬁ) P(s)? — (1 - ﬁ) 2up P (s) — 2cp Adfis < 0
n-1¢ n+1 , ,
& T{M"S + 20,5 + a; —2(1—n)a,u— cM,} <0

11
S M,s?+20,s + az =21 —napu—cy; <0 - (x%)

Let D;; be the discriminant of (*). Since D,; > 0, (*#) is negative for s € [§, §], where

_ O + /Dy
S =
My
2yD
As=s5—s= i

where



Dy = {(1 - U)bnli - anbon}z + MnCI\I/II ,
14T — 1)A%0% A?0202(N%0f + A%cf020? + A%c2ai)u
| +A6Z (Ao} + A%ct020? + A’c20i)u,
(A%0f + A%cf020? + A%c2al)

X [A{(IT = 1)A + 1}0} + [1A%040202 + [1A%6202]
« 22{(IT — DA+ 1}og + NA1%A%050202 + [1A* 6o} af .

+A{Q2I — DA + 1}A%c} 020 + [1A*cL a8 M

(X260 + A%020) ?

X [MUT? = DA+ 130 + [1?AA%05 0202 + {(I1? — 1)A + 1}A%020¢]

+2I12(I1 + 1)A%08

(-1

Then (**) is positive for s & [g, E]. Therefore, the uninformed resolve money illusion if
s¢ [§, §], while still remain as money-illusioned for s € [g, E].

Q.ED.

As cy; increases, the likelihood of becoming a money-illusioned is increasing
because As also increases. If c¢y; = 0, then the interval of signals, in which the

uninformed behave as money-illusioned, is reduced to [go, 50], where

(U1 + Vayb, + 2Ilabyn (1 + Da, + 2l —n)u
S0 = mm{b,,[(n + )b, — 2llbgn] '~ (1 + )b, — 2Tben }
_ (I + Da,b, +2la,byn (11 +1)a, + 2I1(1 —n)u
So = max{ b [(IT + V)b, — 2lbyn] '~ (1 + Db, — 211bon }
2{(1 = )by — a,byn}
MTT

2[1{(1 — n)byp — azbon}|
b {(IT + 1)b, — 211ben} |

< As

A50550_§oz|

4. Equilibrium under inflation

The equilibrium is dependent on a strategic behavior of uninformed investors in this
model. In other words, the equilibrium price is determined after the uninformed choose
their behavior on money illusion. Since money illusion cannot play a key role in
generating information complementarities under deflation, this chapter analyzes the
equilibrium only in inflation to clarify the role of the cost of calculating inflation.
Define x;(P,p) as the demand of the uninformed when inflation occurs. By

Proposition 2, x; (P, p) is as follows.

10



A 2 4 s < §
fls
Hfis — D _
xU(P;p) = Hon.lgl ’ S € [g' S]
S
HUyf|s 2_ p’ $>3
Aafls

From the market clearing condition,

Ax;(0,p) + (1 = Dxy(P,p) = 2

the equilibrium price P(s) can be expressed as a function of the compound signal s(8, z)

as follows.

Proposition 3.
When inflation happens(/1 > 1), the equilibrium price is piecewise linear in the signal

s(6,z2).

a+ b;s, s<s
P*(s) =1{a, + bgs, S E [§, E]
a+ bys, s>5
where
gzan—}_(bn_bl)gzan_ﬁi
E:an+(bn—b1)§z an—[}§=g—ﬁ(§—§)
B =by—by
A1 =D - Dog + AT*(IT — 1)A*c50) ol
Ao? +(IT — D{I? + (11 + 1)(1 — D)}A*0t6 + A1 — 1)1 + 1 — V) A%05 0207
€

+(IT - D{A+A)I? + (1 + DI + 1+ A}A*ctotab

+A(IT — D{1 + A(1 + (T — 2)}A%0; 0202
{(I1? — DA + 132%0¢ + [1?AA%0} 0202
[ +{(IT? — 1)A + 1}A%c202

(1262 + 142620202 + A%0204)

<Figure 3> is the equilibrium price curve with the uninformed investors governed by
money illusion with the inflation-calculating cost. The slope of the price curve is steeper
when s € [§, §] than when s & [g, E]. Due to the cost of calculating inflation, being
governed by money illusion can increase the utility of uninformed investors even under

inflation.

11



<Figure 3> Price curve with the inflation-calculating cost when inflation happens
Solid line is the price curve over signal s when the uninformed are governed by money illusion and
inflation occurs(Il > 1). And dashed line is the price curve of Grossman-Stiglitz(1980). The

uninformed behave as money-illusioned if s € [g, E](shaded area), whereas they resolve money

v

illusion if s ¢ [s,5].
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III. Value of information under inflation

In this chapter, let ¢; be the cost of information for being informed investors. Due to
money illusion cannot affects the informed investors, ¢; should be higher than c,,;.

The expected utility of the informed is

E[—e4€@9-)]

where C (0, s) is the certainty equivalent of the expected utility of the informed.

(6 — P*(s))°

C0.5) =152
€

When deciding whether to purchase the information, the agents can only observe the

signal without having the information of 6. So, their ex ante utility can be expressed as

12



(6, 2) = = —= e~
fls

C(s) is the certainty equivalent for a hypothetical uninformed investors who are not

governed by money illusion at the trading stage.

C(s) =
2407
b, — byn)? 1-mu—a\ 2
(b, ;)7]) (S _ ( K 1) = Q _ (s —R)?, s<s
240 b, — by 240
by — bon)? 1—mu—az) 2
— ( 4 2077) s — ( 77)“ Qr = an (S _ Rn)z; SE [E;E]
2405, b, — bon 2405,
by — byn)? 1-mu—a\ 2
(b, ;)7]) (S _ ( mu 1) = Q _(s— R)?, §>3
240 b, — by 240
where
Q =b; —byn

Ac2{23(1 — Dog + 12(1 — DA%040202 + AA%040202 + A*ciatal + Ato}ol)
- (220% + A2020¢)(X207 + AA%0Z 0202 + A%02a?)

A-mu—a,
by — bon
A20202(A%0f + AA%0i0202 + A%020l) — (1 — D)A*c2olt(A%0f + A%o2cl)
- Ac2{3(1 — Doy + 22(1 — VD) A%0, 0202 + AA%0f0204 + A*ofotal + A4GZ40§}#
Ac2(A%0f + A%0202)(Aof + A%cfo20? + A%020))
+ Ac2{3(1 — Doy + 22(1 — V) A%050202 + AA%0f 020l + Atofotal + A4GZ40€8}MZ

R

Qn = bn: - bo’?
Ac2[A3(1 — D{AUT? — 1) + M}og + 22112(1 — V) A%040202]

- (220% + A20202)[22{(I1? — DA + 1307 + [12AA%0Z 0202 + {(IT? — 1)1 + 1}A%0202]
AGZ[MAIT? (2 — ) + (1 = D)1 — 1)}A%0 0202 + 12 A*cf0)0l + T A%c}of]
(2203 + A20202)[22{(IT? — DA + 1}07 + [T2AA%03 0202 + {(IT> — 1)L + 1}A%0202]

p = LMK~ ax
T bn - bo’l
Aoo? A2{(I1? — DA + 1304 + I12AA% 0 0202
0,0,
76T - DA+ 13426202 — (1 — 1) (A%6f + A%02al)

- B(1-DAWE — 1) + Mo + 212(1 — A2} 0202 #
[+/1{/1H2(2 — )+ (1 =AU — 1)}A%05020¢ + [I?A*ciotol + H2A40'Z40'€8]
M12(A%0§ + A%0202) (Ao + A%oictal? + A%c2al)
B(1 - DAUTE — 1) + Mo + 22I12(1 — ) A20} 0202 Ha
[+/1{/1172(2 -+ (=AU —1)}A%0;020¢ + [I?A*cio}ol + 172A4UZ40§]

+
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The ex ante utility of a hypothetical uninformed investors who resolve money illusion is

u, (¢, ).

QZ
———(s—R)?
—e 2%11s , s<s
— = Q% 2
(¢, ) = —e™ACE = “5g2 57Rm) _
I( I ) —e Zafls , s €E [E:S]
2
L (s-Rr)?
—e 2%s , s>5

Therefore, the expected utility of the informed can be expressed as

3

E[-e~AC©-e)] = ghar iE[_e—AE(s)] _ ey %€ z]"
Ofls Ofls

i=1

where

A E—\/EifN( ¢ (s—R)>

Of)s

— o-f2|5 Qn QTL’
J»=—V2n 0z N(%G_R")>_N<aﬂs(§_R")>
_ 5= s Q
]3:— 21 Q2 1_N<O'f|SG_R)>

The utility of the uninformed(subscripted as U) is

uy(eyp ) = —eAC(semn)

and C(s, ¢y;) is the certainty equivalent of the expected utility of uninformed investors

who are governed by money illusion.

14



2
(.u-f|s - P*(S))
)
C(s,cyp) = fls 11 s [S §]
2A0'f2|5 ’ =
2
(.u-f|s - P*(S)) _
————Cupn s>5
2407,
(by — bon)® ( (1 —mp- a1>2 Q-
s— —-c ——(s—R)?* —cuyp s<s
240, b, — byn M= 200 fls M =

b, — I1byn)? (1 - -
( T 2077) < _ ( Tl)ll an) _ ( _Rn) s € [§;§]
2405, b, — I1byn 2A0f|s

(by—be? [  (A-mu-a\’ Q* _
- - - - >
2A0'f2|5 S b, — bony Cmr = Ao fls —— (s R)? — cuy, §>S

AGZ[AB3{AIT? (1 — AIT) + (1 — )2 M}og + A211%(1 — AlT)A?%040202]
- (2203 + A20202)[22{(I1? — DA + 1307 + [12AA%0Z 0202 + {(IT? — 1)1 + 1}A%020¢]
AGZ[MAIT? (2 — AIT) + (1 — D)2M}A%04020% + T*A*ciotal + 12 A*o o8]
(2203 + A20202)[22{(I1? — DA + 1}07 + T2AA%03 0202 + {(IT* — 1)L + 1}A%020¢]

B o1 —nu—a
T bn-_nbon

{17 — 1A+ 1}04 + 13 AA%0; 0262
B +I{(I1? — DA + 1}A%c202 — 1(1 — V) (A*0¢ + A%cZad)
- BAIZ(L— Al + (1 — )2M}af + 22IM2(1 — Al A202 0207 K
[+/1{/1H2 (2 — AI) + (1 — D)2MM}A%0f 020l + I?A*cfatol + 172A4GZ40§]
M12(A%0§ + A%0202) (Ao} + A%0ictal? + A*o2al)
BAIZ(L— Al + (1 — D2M}ag + 222(1 — Al A2 0202 Ha
[+/1{/11'12(2 — All) + (1 — D)2M}A%0Z 020l + 12 A*cfatal + H2A4UZ40§]

AcZo? [

_l_

The utility of the uninformed u; (cy;, 4) can be expressed as

(s R)?
—eAMI x e 2”fIS , s<s
_e—Af(S,CMI) — an (s— Rr[)z
—e UfIS , S E [E,S]
(s R)?
—eAMI X ¢ ”fIS , S§>5

Therefore, the expected utility of the uninformed is
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3
E[_e—Af(s,CMI)] = z K;
i=1

where

0.2
K, = —eAmi x 2T <5'25N< ¢ (s - R)> = efemi x ],

Of|s

N(% (5- ﬁn)> - N(% (s- ﬁn)>

1—N< Y G—R))
Of|s

The net gain from becoming informed investors can be defined as

( A) 11 ( ul(clﬁl) )
c,Cypd) = —=In| —————
gLt Cu A uy (cpp A)

1 (of 1 (E[e-4¢Gemp]
—In(ZE) - ¢ + =lhhl————s=—
2A ol A E[e=4¢®)]

—_—
Grossman-Stiglitz effect  Resolving money illusion ef fect

K, = —V2m

2
Ofis
Qz

= e4MI X |y

2
o
Ky = —edcmr x \/271%

and it can be interpreted as the value of information, which can be decomposed into two
parts as (i) Grossman-Stiglitz effect and (ii) resolving money illusion effect. A is
determined where the gain g(c;, ¢}y, 4) meets the zero, and it makes the expectation of
ex ante utility of all agents be identical.

In this model, c,; increases the gain from resolving money illusion effect. Moreover,
it’s trivial that A increases as ¢, increases. Thus, c,,; generates the positive correlation
between g(c;, ¢y, A) and A. On the other hand, 4 and gain from Grossman-Stiglitz effect
are negatively correlated. Therefore, following Diamond and Verrecchia(1981), Ganguli
and Yang(2009), and Manzano and Vives(2011), complementarities in information

acquisition can be generated in this model.

Proposition 4. (Information complementarities)
There exists a inflation calculating cost cy;; > 0 and an absolute risk aversion coefficient
A* > 0, such that there are complementarities in information acquisition for all ¢,;; > ¢y,

and A > A, if [1? (04 + 02) < 1.

Proof.

See the Appendix.
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The intuition behind the information complementarities lies in the effects of ¢, on
the proportion of informed investors A and the value of information g(c;, ¢y, ). AS Cyyy
increases, the ex ante utility of informed investors can increase faster than that of the
uninformed. This means that A is increasing as c,,; increases because gain from resolving
money illusion effect is higher than loss due to Grossman-Stiglitz effect. As a result, ¢,
improves the incentive for information, so c¢,;; generates a positive correlation between 4

and g(c;, ¢y, 4), 1.e. complementarities in information acquisition.

<Figure 4> The value of information g(c;, ¢y, 1)
Solid blue line depicts the value of information g.(c;, ¢y, 4), as a function of the ratio of informed
investors A, with the cost of calculating inflation cy;; = 0.15. ¢p; = 0 for the dashed red line, and
cyr = 0.260 for the dashed yellow line. The parameter values are A = 2, ¢; = 0.5, 092 = 0.5,

62=03, 62=0.15 u=3, u, =5and IT = 1.03.

0.3 T T T T T T

<Figure 4> shows three cases for the value of information g(c;, ¢}y, 4) as a function
of informed investors ratio 1. There are three solutions for ¢y;; € [0,0.260), which are
Ay, iu, and 4;. Due to 4, and iu are the unstable solutions, A = 0ifA <4, andA =1
if A > Zu. The only stable solution is the middle one, which is ;. When ¢, > 0260,
there are only two solutions, both unstable.

<Figure 5> depicts simulation results of multiple equilibria. Panel A shows the

proportion of the informed A as a function of the inflation calculating cost cy;,;. For a
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stable solution, 4 is increasing from 0.4310 to 0.6420 as c,,; increases from 0 to 0.260.
When c,,; passes 0.260, A jumps up to 1, i.e. all investors become informed investors,
because the inflation calculating cost is too high. And A can be an unstable solution if
the initial 4 is less than 4,,. In this case, all investors remain as money-illusioned even if
¢y increases. When c,,; decreases from a certain high level, all investors resolve money
illusion, i.e. A = 1.

Panel B of <Figure 5> shows expectation of the equilibrium price E (P) as a function
of ¢y, when = 3 and u, = 5. E(P) has the same patterns to A. If the initial 4 is less
than A,,, E(P) is low and when c,;; decreases from a high value, E (P) also remains at a
high level. However, if the initial A takes a value between 4, and iu, E(P) increases
from -3.3701 to -2.300 as c,; increases from 0 to 0.260. And when c,,; passes 0.260,
E(P) jumps up to -1.2300, just same as A.

<Figure 5> The multiple equilibria: The proportion of the informed and expectation of
the equilibrium price

<Figure 5> depicts the optimal A(Panel A) and expectation of the equilibrium price(Panel B) as a

function of the inflation calculating cost, cy;. Blue line is for increasing cy,; under initial A €

[&u, Iu], dashed red line is for increasing cy,;; when initial A is less than 4,,, and dashed yellow line

is for decreasing c,,; from a certain high level. The parameter values are A = 2, ¢; = 0.5, 07 =

0.5, 62 =03, 62 =0.15 u =3, u, =5,and I1 = 1.03.

A. The proportion of informed investors 4

0.6 -

0.4+ 1
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B. Expectation of the equilibrium price E (P)

-2

25 g

-3

IV. Conclusion

Money illusion is a phenomenon that the agents cannot distinguish real monetary value
from nominal one. In this paper, money illusion is considered as a matter of information
and the agents can resolve it strategically or not. When there exists the cost of calculation
to resolve money illusion, uninformed investors remain as money-illusioned under
deflation if cy;; > ¢y, but resolve money illusion over certain intervals of the signal if
inflation happens.

Furthermore, the cost of inflation calculating generates the complementarities in
information acquisition and multiple equilibria, so this model can explain price swings
and path-dependent price.

This model helps to understand the role of money illusion in economics and finance.
Specifically, the perspective of market microstructure, the assumption that considers
money illusion as asymmetric information and takes into account the strategic behaviors

for the money illusion improves understanding of the money illusion.
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Appendix
Al. Proof of Lemma 1.

Since the denominator is positive, the sign of b;, — b; is the same as the numerator. Let

A be numerator of b, — b, .

A=A =-DMIPAX+Y+2)Z+HAX+AY +2) — (X +Y + X)(AX + Z)]
where

X =26f, Y =A%ci0i0?  Z=A%c%ol

The slope of 4 is positive when IT > 0, because

/
o5 = A= DRAQX +Y +2)Z + (X +2Y +2)] > 0

It’s trivial A = 0, if [ = 1. This implies

A<0, ifll<1
b>a if I >1

Therefore, b,; < b; under deflation, and b, > b, when inflation occurs.

Q.ED.

A2. Proof of Proposition 4.

Lemma 2.
There exists a certain level of inflation calculating cost, defined as cp;, such that

E[e=4¢®)] and E[e~4¢(mD] increase in ¢y, for cyy > ciyy-

Proof.
6E[e_AE(5)]

P can be expressed in three parts:
MI

A 1
Jom ~ VT <0f|s (e R)> (_ z@) <
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0]2 =_m%[n<Qn G_Rn)>(_

R GO e

dcyy Qz Of|s
o, k| (@ 1
dom V" QZ[ "(oﬂs(i‘R))lzJD—fo

So, E[e4¢®)] increases in ¢y, due to As increases in cy;.

There exists a certain level of the inflation calculating cost ¢),; ; which makes

0, 0, 0]

=0
dcyy;  Ocyy  Ocyy

6E[e_AE(5'”M1)]

P = 0. Then Y3, J; and Y3, K; increase
MI

In the same way, let ¢,  such that
in ¢y, for all ¢y, > cpy; by defining ¢y = max(cM,J, cM,'K).

Q.ED.

Following Mele and Sangiorgi(2015), there exist the information complementarities
in this model if g(c;, ¢y, 1) > g(cy, €y, 0). 1t’s because g(c;, cpyp, 1) > g(cy, ey, 0)

implies that g(c;, ¢y, A) can increase in A.

1 Uf2|5 1 E[e—Af(S,CMI)]
g(cneypA) = ﬂln 0_52 -¢ + Zln —E[e—AC(S)]

Grossman—Stiglitz effect  Resolving money illusion ef fect

It’s well known that Grossman-Stiglitz effect is decreasing in 1. So, it’s enough to
show that resolving money illusion effect increases in A under certain conditions.
Specifically, I want to show that resolving money illusion effect when A = 1 is higher
than that effect when A = 0 if ¢;; is high enough. Resolving money illusion effect is

equivalent to

E[e~ACtemD]  gdemi x |, + K, + eAMI x
E[e~4¢®)] B Lit+]s

Its denominator is finite scalar as cy;; — o0 and K, is also goes to finite number as ¢,
increases. However, the limit value of e4M! X |, and e4°M! X ], are dependent on the
absolute risk aversion coefficient A. As c);; goes to infinity, e4M! also goes to infinity
but /; and J5 go to 0. In this case, the velocity of each term plays an important role in

determining the limit value of e4°M! x J, and e4M! X [,. Specifically, as c,,; increases,
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e4cMI goes to infinity with the velocity of e4, but J; and J; become zero at the rate of
1

— . . . . 1
eMr, Thus, e4M! x |, and e4MI X |, are increasing in ¢, if A > —. In contrast,
T

. . 1
edcm x |, and eAMI X ], decrease in ¢ if A < —
T

) 1
i E[e_Aé(SrCMI)] ) eACMI le + K2 + eACMI xj?, 0’ lfA < M_n
im ———————= lim =
cm— E[e‘AC(S)] M= i+ +]s o, ifA> i
M,
Therefore, if A > - L and A < - |1 , then resolving money illusion effect when 1 =
mid=1 mlA=0

1 is greater than that effect when A = 0.

Lemma 3.
There exists a certain level of absolute risk aversion coefficient, defined as A*, such that

g(cp, cpn 0) < g(cy, ey, 1) for all A > A* if 1% (04 + 02) < 1.

Proof.

The information complementarities exist if

— <A< —
Mnll:l MnlA:O
Thus, A exists if
! < M_| > M|
S - -
Mnll:l Mnll:O A=t mia=0
m+1 2A%0502

2 -4
& ——A%% -

————— < IIP(I1 + 1) (02 + 6%)2(0? + A%02c2

201 + (I1 + D{I1*(c? + 62)? — 1}]o?
A2<_[ ( ){ (9 26) }]9’ lfH2(0'92+0'€2)>1
(1 + 1) {14(0§ + 02)° — 1} 0202
(21T — (IT + 1){1 — 1*(c + 62)*}|o¢

1+ 1) {1 - 1403 + 02)*} o202

A2 >

, if M*(05 +02) <1

and due to 2IT > (I1 + 1){1 — I1*(c4 + 62)?} under inflation, following is satisfied.

1

2
211 — (T + 1){1 — 1*(03 + 62)?*}]o?
A> [ ( i 2(9 26) Ho =A,  ifll*(cf+dd) <1
(m+1) {1 —174(0{9 + 062) }022064
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Therefore, as cy,; goes to infinity, resolving money illusion effect goes to infinity when
A =1 and resolving money illusion effect becomes zero when A = 0, if A > A" and
1%(0¢ + 02) < 1. Inthis case, g(c;, ¢y, 1) is greater than g(c;, ¢y, 0).

Q.E.D.

A3. Deep deflation and the deep inflation

In this section, reanalyze the former results of Section 4 in Chapter II when deep
deflation(IT < IT) and deep inflation(IT > IT) occur. In this case, M,, can take negative

value.

n+1
M, = b, (T b, — ZbOr])

Since b, and the denominator of M,; are positive, the sign of M, is the same to the sign

of the numerator of M,, defined as I.

r={{rQ1-n1)— 121 -DX2+ 011 —MmMXy + {11+ 1) — (1 —M}XZ
+ 1+ MYz + (1+Miz?
=Z-2X)AX+Y + 2)II?
+(AX2+AXY + (A +DXZ+YZ + 7311 — A(1 — D)X?
-1 -1Xxz

Then there are solutions of I’ = 0, which are

AX2+AXY+(1+DXZ+YZ+2Z?+.,/Dr

= 27 - )X +Y +2)

where
Dr={AX?2+AXY + (1 +DXZ +YZ + Z%}?
+4Z - AX)AX+Y +2) 1A -DX2+ (1 -DXZ} >0

A3.1. Deep deflation
Let II; and II, be the solutions of I' = 0, and suppose II; <II,. IfZ <X, M is

negative when I1 <[I1,. If Z > AX, M, is negative when II <II,. Therefore, if
A%0202% < N20Z(Z < AX), then Il = I1, and if A%020% > %65 (Z > AX), then Il = II,.
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Proposition 5.

If deep deflation occurs(/I < IT), the uninformed resolve money illusion when s & [§, §]

regardless of the quality of signal.

Proof.

Because of I'| ;- < 0 and I'| ;—; > 0 as follows,

[lyeo = —(1 = D(AX2+XZ) <0
[lyey = 2AXZ +2YZ + 272> 0

there exists /I which makes I" negative in the interval of (0, 1). Thus, M, is negative for
deep deflation(Il < IT1). In this case, D, > 0, because of c; < 0. It implies that
u;, (P, p) < uy; (P, p) when the signal is in the interval of [§, §]

Q.ED.

<Figure 6> Price curve with the inflation-calculating cost under deep deflation(IT <
.
Solid line is the price curve over signal s when the uninformed are governed by money illusion and
deep deflation occurs(I1 < IT). And dashed line is the price curve of Grossman-Stiglitz(1980). The
uninformed behave as money-illusioned if s € [g, E](shaded area), whereas they resolve money
illusion if s ¢ [5, E]. The behavior of the uninformed is the same as inflation, but the shape of the

price curve is different.

[1%]
“©|
©

So
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This seems to be the same result as what happens in inflation. However, the shape of
the equilibrium price curve is different from when inflation occurs. <Figure 6> shows
the equilibrium price curve when uninformed investors are governed by money illusion
under deep deflation. The behavior of uninformed investors is the same as in inflation,

but the shape of the price curve is different from that in inflation.

A3.2. Deep inflation

It’s clear that if A20202 < 1264 (Z < AX), M, is negative when IT > I1,. Therefore, if
A%clol < 1202(Z < AX), I = II,.

Proposition 6.
If the quality of the signal is relatively good(A%c20? < A%6}), the uninformed remain as

money-illusioned when deep inflation(IT > IT).

Proof.

If A%020% < 2202, M, is negative for deep inflation(IT > IT). In this case, D, is also
negative if ¢,;; > ¢*. It implies u; (P, p) < uy, (P, p) for all s.

This is the same result when deflation occurs.

Q.E.D.

However, when the quality of the signal is relatively bad, i.e. A%2020% > %0},
nothing is changed under deep inflation, because M, is always positive under inflation

dueto IT, < 1.

Lemma 4.

If A%2620% > A%04(Z > 2X), M,, is always positive for IT > II.

Proof.
If (Z-2AX)(AX+Y +2Z) >0, then the coefficient of the term of degree 2 in I' is
positive. Therefore, M, is also positive for IT > II.
When inflation happens(Il > 1), M, is always positive if Z > AX.
Q.E.D.
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