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Abstra
t

What are the 
onsequen
es of asymmetry of information about the future state of the e
onomy between a

benevolent Central Bank (CB) and private agents near the zero lower bound? How is the 
ondu
t of monetary

poli
y modi�ed under su
h a s
enario? We propose a game theoreti
al signaling model, where the CB has better

information than private agents about a future sho
k hitting the e
onomy. The poli
y rate itself is the signal that


onveys information to private agents in addition to its traditional role in the monetary transmission me
hanism.

We �nd that only multiple "pooling equilibria" arise in this environment, where a CB privately fore
asting a


ontra
tion will most likely follow a less expansionary poli
y 
ompared to a 
omplete information 
ontext, in

order to avoid making matters worse by revealing bad times ahead. On the other hand, a CB privately fore
asting

no 
ontra
tion is most likely to distort its 
omplete information poli
y rate, the 
onsequen
es of whi
h are welfare

detrimental. However, this is ne
essary be
ause deviating from the pooling poli
y rate would be per
eived by

private agents as an attempt to mislead them into believing that a 
ontra
tion is not expe
ted, whi
h would be

even more harmful for so
iety.
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1 Introdu
tion

Central Banks (CBs) around the world 
onfront the o

urren
e of the zero lower bound (ZLB) and its e�e
t on

monetary poli
y. In many 
ountries, CBs have a
tually lowered their poli
y rates to the ZLB in an attempt to


ondu
t as expansionary a poli
y as possible, but on
e the ZLB is rea
hed, the poli
y loses its ability to stimulate

the e
onomy, at least with traditional instruments.

Arguably, a CB would seek to prevent its poli
y rate from rea
hing the ZLB if there were some means by whi
h

it 
ould 
onvey positive or optimisti
 information to private agents regarding the future state of the e
onomy.

Many real situations fall within the following s
enario: Fearing that a re
ession is imminent, private agents

attempt to 
ut expenditure unaware that their 
olle
tive a
tion will redu
e 
urrent demand and produ
tion,

leading to unemployment and a 
urrent 
ontra
tion of the e
onomy. If the CB has better information about

future events, or if private agents believe it does, 
urrent monetary poli
y will signal the future status of the

e
onomy. We develop a game theoreti
al model to explore the ma
roe
onomi
 impli
ations of situations where

the ZLB is likely to be rea
hed.

In the signaling model developed, the CB perfe
tly foresees whether a 
ontra
tive sho
k will hit the e
onomy in

the future. Even when it would like to reveal its private information, arguably when it foresees no 
ontra
tion,

the CB needs to 
onsider the informational disadvantage that private agents fa
e and how its a
tions would

be interpreted. In parti
ular, the role of the poli
y rate in signaling the CB's private information be
omes

important, beyond its traditional role of a�e
ting real rates under pri
e rigidities. And when privately foreseeing

a future 
ontra
tion, would the CB attempt to 
onvey optimisti
 beliefs?

In a 
omplete information situation where both the CB and private agents perfe
tly foresee whether a 
ontra
tive

sho
k will a�e
t the e
onomy and under pri
e rigidities, the CB's poli
y is straightforward. If a 
ontra
tion is

not expe
ted there is no need to implement an expansionary poli
y, whereas if a 
ontra
tion is expe
ted, the

CB redu
es the poli
y rate in order to redu
e real rates. The rationale is the following: When private agents

believe a re
ession will hit the e
onomy, they optimally attempt to save for the future. The attempt to save is

futile, however, in a homogeneous agent model, as the 
redit market needs to 
lear. With �exibility of pri
es,

the attempt to save does not 
ause any problems be
ause it will redu
e the real interest rate enough su
h that

agents are dis
ouraged from doing so. Things 
hange however with pri
e rigidities be
ause 
urrent pri
es may

not fall su�
iently to dis
ourage agents from saving. Their attempt to save will generate a 
olle
tive drop in
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expenditure that leads to insu�
ient demand and idle resour
es. This situation 
ould be avoided by redu
ing

the poli
y rate su�
iently, but when the ZLB is rea
hed, optimal allo
ations are una
hievable.

Introdu
ing asymmetri
 information into the environment begs the question of how a benevolent CB would


ondu
t monetary poli
y. Spe
i�
ally, when the CB privately foresees a re
ession, does it have an in
entive to

indu
e private agents not to 
ut down on expenditure aggressively? If by not redu
ing the poli
y rate to the ZLB

the CB 
on
eals its information, leaving private agents with un
ertainty about the future, they might entertain

the possibility that the e
onomy will not enter a re
essive phase and this would prevent the sort of "
oordination

failure" des
ribed above. In e�e
t, the CB would su

eed in preventing the full manifestation of an externality,

as agents fail to internalize the 
olle
tive 
onsequen
es of their private de
isions to save. For su
h a situation

to be optimal, the CB type not foreseeing a 
ontra
tion must 
hoose the same poli
y rate as when it foresees

a future 
ontra
tion, to preserve un
ertainty for private agents. This "pooling equilibrium" is the only type of

equilibrium sustained in the model's environment.

Under a pooling equilibrium, in general, the CB type fore
asting a 
ontra
tion would indu
e a higher welfare


ompared to the ZLB situation, and we show that there is a large set of su
h equilibria not re�nable by traditional

arguments, with poli
y rates ranging from low rates near the ZLB to high rates, whi
h would be 
ontra
tive in

the absen
e of asymmetri
 information. The reason why the resulting out
omes are not 
ontra
tive even with

high real rates is that the expe
tation 
hannel is strong for private agents, outweighing the 
ontra
tive e�e
ts.

Our results then suggest that a CB privately foreseeing a re
ession will follow a less expansionary monetary

poli
y 
ompared to a 
omplete information 
ontext in order to avoid making matters worse by further de
reasing

private expenditure and deepening the 
ontra
tion. In these equilibria, the CB type that foresees no 
ontra
tion

naturally 
hooses the same pooling rate. Be
ause o�-equilibrium beliefs are unrestri
ted, they are assumed to be

initially rather pessimisti
 in nature. What we attempt to 
apture with this assumption is the fear that private

agents have when they are un
ertain about the CB's intentions. If they observe a poli
y rate di�erent than the

one pres
ribed by the equilibrium, they will believe that a 
ontra
tive sho
k is imminent and would attempt

to save. The CB, seeking to avoid su
h a situation, will not deviate from equilibrium. We also dis
uss other

plausible less pessimisti
 o�-equilibrium beliefs, and arrive to similar 
on
lusions.

The 
ru
ial assumption that the CB has private information about the future state of the e
onomy, or that

private agents believe it does is supported by the literature. Romer and Romer [2000℄ found that the Federal

Reserve indeed possesses better information than private agents about future values of both in�ation and output.
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Peek et al. [2003℄ �nd also that the Federal Reserve has an informational advantage over the publi
 and that this

is due to its 
on�dential supervisory knowledge about non-publi
ly traded institutions. Pedersen [2015℄ �nds for

the 
ase of Chile that the short-term in�ation expe
tations of private fore
asters are in�uen
ed dire
tly by the

CB's fore
asts.

1

Hubert [2015℄ �nds that in�ation fore
asts in real time by CBs in Sweden, the United Kingdom,

Canada, Switzerland, and Japan in�uen
e private in�ation fore
asts, thus supporting the possession of private

information by CBs.

Many studies link the possible asymmetry of information between the CB and private agents to the "pri
e

puzzle," identi�ed �rst by Sims [1992℄ and Ei
henbaum [1992℄. Using time series methods, these studies found

that a 
ut in the poli
y rate indu
es a negative e�e
t on in�ation in the short run, 
ontrary to the expe
ted

e�e
ts under the traditional transmission me
hanism of monetary poli
y. Using the term "signaling 
hannel,"

several re
ent papers have attempted to explain this puzzle, among other related questions. Melosi [2015℄ and

Tang [2015℄ studied environments where uninformed agents take into a

ount surprise 
hanges in the poli
y rate

to update their information about the fundamentals of the e
onomy, whi
h is assumed to be private information

held only by the CB. Baeriswyl and Cornand [2010℄ and Walsh [2007℄ have also studied this signaling 
hannel.

Yet, these papers have not examined the strategi
 intera
tions that may arise between the CB and private agents

under this informational asymmetry. Other papers investigating informational issues for CBs and the dual role

of the interest rate is su
h settings in
lude Vi
kers [1986℄, Aoki [2003℄, Gust et al. [2015℄, and Frankel and Kartik

[2017℄. To the best of our knowledge, the present study is the �rst to develop a game theoreti
al signaling model

between the CB and private agents where the CB has private information about the future state of the e
onomy.

The CB as benevolent poli
y maker maximizes aggregate so
ial welfare; it is the externality present among

private agents as they fail to internalize the aggregate e�e
ts of their individual de
isions regarding savings that

allows the study of the agents as separate players with di�erent obje
tive fun
tions. This situates the model

among traditional signaling game theory models studied extensively in other settings.

The model's environment belongs to the New Keynesian tradition, whi
h is now 
ommon and too vast to 
ite

here. In parti
ular, this study is related to Benigno [2009℄ and Mankiw and Weinzierl [2011℄, who develop similar

models to explore di�erent issues in New Keynesian settings. However, neither of these papers develop a signaling

model to understand the allo
ative and welfare impli
ations of the asymmetry of information and the strategi


intera
tions among private agents and the CB.

1

In parti
ular, private fore
asters in
orporate the CB's fore
ast for output growth only when it is published in the se
ond half

of the year, when the CB may have an informational advantage due, for example, to data revisions.
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The rest of this do
ument is organized as follows: Se
tion 2 presents the ma
roe
onomy as well as the strategi


elements that de�ne the game. Se
tion 3 develops the 
omplete information ben
hmark where both the CB

and private agents foresee whi
h type of sho
k will hit the e
onomy, as well as the asymmetri
 information

ben
hmark leading to the existen
e of pooling equilibria. This se
tion also presents the robustness analysis and

another ben
hmark 
ase where the CB and the publi
 are symmetri
ally informed about the possibility of a

future 
ontra
tion. Finally, Se
tion 4 
on
ludes.

2 The Model

2.1 Environment

There is a 
ontinuum of households (HH) indexed by j ∈ [0, 1] and live for two periods t = 0, 1. Ea
h produ
es

a given variety ℓ ∈ [0, 1], and ea
h 
onsumes all varieties that are aggregated in a Dixit-Stiglitz type index c
j
t .

HH aim to maximize:

uj = u
(

c
j
0

)

+ βEu
(

c
j
1

)

(2.1a)

where E refers to an expe
tation over an aggregate produ
tivity sho
k explained later. The following properties

are satis�ed for the period-utility fun
tion in (2.1a):

u′(cjt ) > 0, u′′(cjt ) < 0, lim
c
j
t→0

u′(cjt ) = +∞ (2.1b)

In ea
h period, HH are endowed with a te
hnology allowing the transformation of n
j
t units of time into yℓt units

of variety ℓ:

yℓt = θtn
j
t , (2.2)

where θt is produ
tivity and the time endowment for HH is normalized to unity. At the beginning of period 0,

HH observe θ0 = 1 and expe
t also θ1 = 1. They set pri
es for the variety they produ
e in period 0 fa
ing a
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given poli
y rate i0 > 0 over bonds to be de�ned later.

2

After setting pri
es for period 0, HH learn that the e
onomy may su�er a 
ontra
tion in produ
tivity in period

1 with the following prior distribution:

θ1 =











1, with probability q

1−∆, with probability 1− q,
(2.3)

with q ∈ [0, 1]. We assume that HH are unable to modify pri
es in period 0 upon arrival of new information over

θ1. We make the assumption that the CB perfe
tly fore
asts privately the value of θ1 and sets the poli
y rate i,

potentially di�erent from the initial i0.

Using the Dixit-Stiglitz index for varieties of 
onsumption of household j, it is possible to show that the pri
e

level Pt in ea
h period is a parti
ular aggregate of pri
es set by all HH and that demand of variety ℓ, c
j
t (ℓ), is

isoelasti
:

Pt =

[
∫ 1

0

Pt(ℓ)
1−ηdℓ

]

1
1−η

c
j
t (ℓ) =

(

Pt(ℓ)

Pt

)−η

c
j
t , (2.4a)

where η > 1 is the 
onstant elasti
ity of substitution among varieties. Be
ause HH set pri
es at the beginning of

period 0 and are unable to modify them later on during that period, the pri
e set by ea
h HH will be the same

and equal to the pri
e level, something dedu
ed from (2.4a). We denote this pri
e level as P̄ = P0 = P0(ℓ). On
e

HH observe i they may update their beliefs from (2.3) and then maximize (2.1a) 
hoosing c
j
t , c

j
t (ℓ), P1(ℓ), n

j
t and

bonds Bj
, subje
t to:

P̄ c
j
0 +Bj = P̄ yℓ0, yℓ0 = n

j
0, 0 ≤ n

j
0 ≤ 1 (2.5a)

P1c
j
1 = (1 + i)Bj + P1(ℓ)y

ℓ
1, yℓ1 = θ1n

j
1, 0 ≤ n

j
1 ≤ 1, (2.5b)

taking as given Pt and i. All real variables are denoted by lower-
ase letters and nominal variables by upper-
ase

letters; the only ex
eption is the nominal interest rate.

3

2

The initial poli
y rate i0 is exogenous and is assumed to be stri
tly positive in order for the CB not be 
onstrained later in

terms of 
ondu
ting expansionary monetary poli
y when information about future events is revealed.

3

To simplify the analysis, we have not modeled expli
itly the demand of money. Here a 
ash-less version of a monetary e
onomy

is assumed as in Mi
hael Woodford [2003℄. It 
an be modeled in an ad-ho
 form by assuming that it is used for transa
tion purposes,

this is presented in Appendix A. Money supply in period 1 will serve as a nominal an
hor for P1 as pri
es are fully �exible.
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CB maximizes aggregate welfare, from (2.1a):

∫ 1

0

ujdj =

∫ 1

0

u(cj0)dj + β

∫ 1

0

u(cj1)dj (2.6)

by 
hoosing i ∈ ℜ+
. Note that CB may be 
onstrained by the ZLB.

2.1.1 Timing of the Game

The timing of the game is portrayed in Figure 1. Initially in period 0 the interest rate i0 is set; at that moment

HH do not yet expe
t any 
ontra
tion in period 1 and they set pri
es P0(ℓ). Then, news of a possible 
ontra
tion

in period 1 be
omes available. While CB perfe
tly fore
asts θ1, HH have only the prior distribution in (2.3). CB

may 
hange the interest rate to i and then HH de
ide how mu
h to 
onsume and how mu
h to save for period

1. In period 1, the a
tual value of θ1 is realized and revealed to all and HH 
hoose pri
es and 
onsumption.

PSfrag repla
ements

CB

HH

i0

P0(ℓ)

i

c
j
0

P1(ℓ) c
j
1

Prior

distribution

over θ1

News of

possible


ontra
tion

Perfe
t

fore
ast

of θ1

θ1
o

urs

Update

prior

Figure 1: Timing. There are two periods. Given i0 > 0, HH set pri
es for period 0, then news of a possible 
ontra
tion in

period 1 emerge. While CB perfe
tly fore
asts the sho
k, HH only have a prior distribution. Then CB sets the poli
y rate i,

and given this signal, HH make their expenditure de
isions. In period 1 the sho
k o

urs and HH set pri
es and 
onsumption.
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2.2 Equilibrium

The setup for the game is simpli�ed by the fa
t that there is 
omplete �exibility of pri
es in period 1 and all

information is revealed in that period. Hen
e, no HH 
hoi
e in that period a�e
ts the obje
tive fun
tion of the

CB in period 0. Also, sin
e pri
es are 
ompletely rigid in period 0 and therefore ea
h HH adjusts labor and

output to meet demand for variety ℓ, the only relevant de
ision for HH is how mu
h to 
onsume in that period,

whi
h will be in�uen
ed by their belief about a future sho
k θ1.
4

The appendix develops a useful ben
hmark 
ase where there is no un
ertainty and there is full pri
e �exibility in

both periods 0 and 1. In su
h a model, agents �rst �nd out optimizing values in period 1 and work "ba
kwards"

in period 0 to de
ide on 
onsumption in period 1. We 
an use the results derived in period 1 of that model for

the 
urrent situation. Of 
ourse un
ertainty needs to be a

ounted for, but this 
an be done easily by using


ontingent plans. The �exible pri
e environment des
ribed in the appendix shows that HH 
hoose c
j
1 = θ1. Hen
e

whatever the produ
tivity turns out to be in period 1, HH will get utility u(θ1). As of period 0, they expe
t

utility to be Eu(θ1) as stated in (2.1a).

Note that when CB maximizes (2.6) it has two 
hannels by whi
h it 
an 
hange 
onsumption in period 0. First,

it 
an set the poli
y rate i as potentially di�erent from the initial i0 and se
ond, it 
an in�uen
e HH's beliefs

about θ1, whi
h through the expe
tation 
hannel 
an also a�e
t 
onsumption c
j
0.

2.2.1 Perfe
t Bayesian Equilibrium

Restri
ting attention to pure-strategy Perfe
t Bayesian Equilibrium, agents' strategies are therefore de�ned as:

i : θ1 7→ ℜ+
(CB, sender) (2.7a)

c
j
0 : ℜ+ 7→ ℜ+

(HH, re
eiver) (2.7b)

Sin
e CB perfe
tly fore
asts θ1, and HH observe the signal i prior to their 
onsumption de
isions, strategies are

denoted a

ording to (2.7) as i(θ1) and c
j
0(i) for the sender and the re
eiver respe
tively. These strategies form

4

Note that the se
ond equation in (2.4a) implies that by 
hoosing 
onsumption c
j
t and given Pt(ℓ), demand for variety ℓ by ea
h

HH is also determined.
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a Perfe
t Bayesian Equilibrium if and only if:

i(θ1) = arg max
i∈ℜ+

u(c0) (2.8a)

where given symmetry c0 = c
j
0 and u(c0) =

∫ 1

0
u(cj0)dj, and for any i and ea
h agent (j):

c
j
0(i) = arg max

c
j
0∈ℜ+

[

u
(

c
j
0

)

+ βEu(θ1)
]

(2.8b)

subje
t to 
onstraints in (2.5). The expe
tation operator E refers to the Bayes posterior probability distribution,

where µ is the probability that θ1 = 1, i.e., no 
ontra
tion, that 
onsumer j assigns having observed i:

µ = Pr(θ1 = 1|i) =
Pr(i|θ1 = 1)q

Pr(i|θ1 = 1)q + Pr(i|θ1 = 1−∆)(1 − q)
(2.9)

if Pr(i|θ1 = 1)q + Pr(i|θ1 = 1−∆)(1 − q) > 0.

2.2.2 Aggregate Consisten
y

The notion of aggregate 
onsisten
y is modi�ed from market 
learing due to pri
e rigidities in period 0. Nonethe-

less, the following 
onditions must be satis�ed:

Goods market: ct(ℓ) ≡

∫ 1

0

c
j
t (ℓ)dj = yℓt (2.10a)

Labor market:

∫ 1

0

n
j
0dj ≤ 1,

∫ 1

0

n
j
1dj = 1 (2.10b)

Bonds market:

∫ 1

0

Bjdj = 0 (2.10
)

Equation (2.10a) states that the aggregate demand for variety ℓ, denoted ct(ℓ), equals produ
tion of that variety.

Note that in period 0 when pri
es are �xed, this implies that output will adjust to meet demand. Te
hnologi
ally,

there is an upper bound on produ
tion, however, as yℓ0 = n
j
0 and sin
e HH are endowed with a unit of labor, the

maximum amount of the good that 
an be produ
ed is unity. Produ
tion may adjust downwards, however; if

demand for variety ℓ de
reases, output will meet this demand. This means that labor may fall below unity, as

is expressed in (2.10b). If stri
t inequality holds, there are idle resour
es in the e
onomy, whi
h is a suboptimal

situation be
ause leisure is not valued by HH. We will informally refer to it as "unemployment". Finally, equation

9



(2.10
) states that the bond market must 
lear. In this 
ase, sin
e all agents are homogenous, this 
ondition is

satis�ed with Bi = 0.

3 Analysis

Re
all that when HH set pri
es initially they expe
t θ1 = 1. Equation (A.8) in the appendix shows that in su
h

a �exible pri
e environment the level of pri
es in period 0 will satisfy:

P0(ℓ) = P0 =
u′(θ0)

β(1 + i0)u′(θ1)
=

1

β(1 + i0)
= P̄ , (3.1)

be
ause in this 
ase θ0 = θ1 = 1 as per
eived by HH. This is the level of pri
es for period 0 in pla
e throughout

the rest of the analysis and the level of pri
es introdu
ed before in the budget 
onstraint for period 0 in (2.5a).

We present next the 
omplete information ben
hmark where both CB and HH fore
ast the a
tual value of the

future sho
k.

3.1 Complete Information Ben
hmark

Suppose that on
e HH set pri
es a

ording to (3.1), they perfe
tly fore
ast the value of θ1, just as the CB does.

In this 
omplete information 
ase, the following Euler equation 
hara
terizes optimal 
onsumption de
isions for

HH:

5

u′(cj0(i)) = β
(1 + i)P0

P1
u′(θ1) =

1 + i

1 + i0
u′(θ1) (3.2)

In deriving (3.2) we used the optimality 
onditions for problem (2.8b) under perfe
t foresight and the level of

pri
es of (3.1). The se
ond equality in the expression above also uses the assumption that money supply an
hors

P1 = 1.

As is well known, given �xed pri
es monetary poli
y is powerful in indu
ing agents to modify 
urrent 
onsumption

due to substitution, be
ause the real interest rate is a�e
ted by i. Nevertheless, we want to study a situation

5

Again, we are using the result derived in the appendix that in a �exible pri
e environment su
h as period 1, the a
tual


onsumption level for HH j satis�es: c
j
1 = θ1.
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where under the bad state θ1 = 1−∆, even the loosest monetary poli
y i = 0 
annot restore "full employment,"

the situation where n
j
0 = 1 for all j.

Let c
j
0(i, θ1) denote the 
onsumption level of HH j fa
ing interest rate i and believing θ1. Spe
i�
ally, c

j
0(i, 1−∆)

is 
onsumption when fa
ing i and believing a future 
ontra
tion θ1 = 1−∆. And c
j
0(i, 1) is 
onsumption when

fa
ing i and believing no future 
ontra
tion θ1 = 1. The next proposition gives 
onditions under whi
h the ZLB

is rea
hed.

6

Proposition 1. The ZLB. There exists a ∆c
satisfying:

(1 + i0)u
′(1) = u′(1−∆c) (3.3)

su
h that for all ∆ > ∆c
, the ZLB i(1−∆) = 0 
annot restore "full employment."

Proof. Assume that for ∆ = ∆c
, i(1−∆c) = 0 and HH 
onsumption satis�es c

j
0(0, 1−∆) = 1. In this 
ase the

Euler equation in (3.2) must be (3.3). That su
h a ∆ exists follows from a simple appli
ation of the Intermediate

Value Theorem. Let f(∆) = u′(1−∆)− (1 + i0)u
′(1), a

ording to (2.1b) this fun
tion is 
ontinuous. Is easy to

verify that it takes the following values:

f(0) = u′(1)− (1 + i0)u
′(1) = −i0u

′(1) < 0 (3.4)

f(1) = lim
∆→1

u′(1−∆)− (1 + i0)u
′(1) = +∞ (3.5)

Therefore, there exists ∆c ∈ [0, 1], su
h that (3.3) is satis�ed.

It follows then that for all ∆ > ∆c
, optimizing HH under the ZLB will satisfy the following Euler equation:

u′
(

c
j
0(0, 1−∆)

)

=
1

1 + i0
u′ (1−∆) > u′(1), (3.6)

where the inequality at the end is satis�ed be
ause u′ (1−∆) > (1 + i0)u
′(1), for any ∆ > ∆c

, due to 
on
avity

of u(·). Con
avity of u(·) also implies that

c
j
0(0, 1−∆) < 1, ∆ > ∆c. (3.7)

6

The notation for the level of 
onsumption depending on beliefs is redundant in this se
tion where there is 
omplete information,

but it will be useful later on.

11



We have shown that if the ZLB is attained, and under a su�
iently large 
ontra
tion, 
onsumption falls below

unity. This is undesirable sin
e output 
an be produ
ed without disutility from labor. To see the e�e
t on labor

formally, we look at market 
learing (2.10
). Given homogeneity of HH, this 
ondition delivers Bj = 0. Then

from the budget 
onstraint (2.5a) we get:

c
j
0(0, 1−∆) = yℓ0 = n

j
0(0, 1−∆) < 1, (3.8)

where, to be 
onsistent with the notation for 
onsumption, we label the resulting hours worked n
j
0(i, θ1) when

HH fa
e i and expe
t θ1.

For the remainder of this paper we will fo
us on this 
ase where monetary poli
y is unable to restore �rst-best

allo
ations. Hen
e we work with assumption 1 below.

Assumption 1. ∆ > ∆c
.

Under assumption 1, "unemployment" is present and monetary poli
y is powerless to indu
e �rst-best allo
ations.

A large enough 
ontra
tion will push the e
onomy to this ZLB. The initial i0 plays a role here, sin
e the lower

this value is, the more likely that a given ∆ will surpass ∆c
. A low initial nominal rate leaves "less room" to the

CB to pursue full employment.

In the good state situation where θ1 = 1, CB does not need to 
hange the poli
y rate from i0 to improve welfare.

The Euler equation from (3.2) is:

u′(cj0(i, 1)) =
1 + i

1 + i0
u′(1). (3.9)

Raising rates is detrimental as it would make agents want to save for the future. Lowering the rate from i0 is of

no use as the e
onomy already operates at full employment. Then by leaving the interest rate at its initial level

i = i0, CB indu
es c
j
0(i0, 1) = 1. Again, the budget 
onstraint (2.5a) and market 
learing (2.10
) imply that

c
j
0(i0, 1) = yℓ0 = n

j
0(i0, 1) = 1, (3.10)

12



hen
e, the following 
hara
terization emerges for agents' de
isions in the 
omplete information ben
hmark:

i(1) = i0, i(1−∆) = 0, c
1j
0 (i0) = 1, c

∆j
0 (0) = [u′]

(

1

1 + i0
u′ (1−∆)

)−1

(3.11)

where the last equalities follow from (3.2) and [u′](·)−1
denote the inverse of u′(·). Due to symmetry among HH:

c
j
0(i0, 1) = c0(i, 1), c

j
0(0, 1−∆) = c0(0, 1−∆), n

j
0(i0, 1) = n0(i0, 1), n

j
0(0, 1−∆) = n0(0, 1−∆). (3.12)

That is, aggregates equals individual values. Utility for HH and welfare, whi
h CB aims to maximize is given

by:

u(1) + βu(1), u(c0(0, 1−∆)) + βu(1−∆), (3.13)

under the good state and the bad state respe
tively, where u(1) > u(c0(0, 1−∆)).

3.2 The In
omplete Information Case

In the in
omplete information 
ase, the key equation to obtain HH's optimal response is the �rst-order 
ondition

for (2.8b):

u′(cj0(i)) =
1 + i

1 + i0
Eu′(θ1), (3.14)

where E refers to the expe
tation that uses (2.9).

7

The �rst step in 
hara
terizing the sort of equilibria that may arise is to verify whether two 
onditions usually

found in signaling games are satis�ed: the existen
e of "envy" and the "single 
rossing" 
ondition.

7

Note that we are still assuming that CB 
ommits to an
horing nominal values in period 1 in su
h a way that the pri
e level is

P1 = 1.

13



3.2.1 Envy

Would a CB have an in
entive to "masquerade" when fore
asting a 
ontra
tion? In other words, if CB, knowing

that a 
ontra
tion is 
oming, set:

i(1−∆) = i0, (3.15)

that is, the same poli
y rate it would set when fore
asting no 
ontra
tion in a 
omplete information 
ase,

indu
ing HH to believe that no 
ontra
tion is fore
asted. Then equation (3.14) in its aggregate version be
omes

u′ (c0(i0, 1)) = u′ (1). Whi
h means, of 
ourse that c0 (i0, 1) = 1, and maximal welfare is attained in period

0. This shows the power of beliefs indu
ed by CB a
tions in this setup. Note also that, if assumption 1 is

not satis�ed, there is no reason for CB to be tempted to mislead HH.

8

Therefore, an interesting informational

problem arise here under a spe
ial 
ir
umstan
e when the ZLB is attained.

It may seem striking at �rst that even though CB pursues maximization of so
ial welfare, it has the in
entive

to mislead HH to believe that the e
onomy would not su�er a 
ontra
tion when it a
tually will. We want to dig

into this feature by making referen
e to HH de
isions about savings and the link that exists with produ
tion of

varieties of goods in the e
onomy. First, from the Euler equation (3.14) it is 
lear that if HH believe a 
ontra
tion

is 
oming, 
onsumption demand in period 0, c
j
0, optimally de
reases. We know that savings need to be zero in

equilibrium Bj = 0. When pri
es are �exible, the desire to save de
reases P0, redu
ing the real rate and 
urbing

HH de
isions to save. Pri
e �exibility allows the e
onomy to optimally adjust. But when pri
es are rigid, the

only way the real interest rate may fall is if the poli
y interest rate de
reases. When the poli
y interest rate

rea
hes the ZLB, no further de
rease in the real interest rate is possible. Hen
e HH under the ZLB still want to

save. Why does this translate into a suboptimal equilibrium? From the se
ond equation in (2.4a), the aggregate

demand of good ℓ 
an be derived:

c0(ℓ) ≡

∫ 1

0

c
j
0(ℓ)dj =

(

P̄

P0

)−η ∫ 1

0

c
j
0dj ≡

(

P̄

P0

)−η

c0, (3.16)

where c0(ℓ) is de�ned as aggregate 
onsumption demand of variety ℓ and c0 ≡
∫ 1

0 c
j
0dj is aggregate 
onsumption

demand. When HH j de
ides to 
ut down on 
onsumption c
j
0, all HH do the same and they 
annot prevent a

negative aggregate in�uen
e on c0, whi
h translates into redu
ed demand for the produ
t ea
h HH is produ
ing

8

Of 
ourse, if CB is fore
asting no 
ontra
tion, it has no in
entive to go to the ZLB, thereby indu
ing HH to believe a re
ession

is 
oming.

14



c0(ℓ). This means that at given pri
es, demand for their produ
t falls and they are for
ed to 
ut down on hours

worked n
j
0 even though utility does not fall with any feasible amount of hours worked.

9

This is illustrated in

Figure 2. Point A represents a situation where HH, expe
ting θ1 = 1 and fa
ing i0, want to 
onsume c
j
0(i0, 1).
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Figure 2: At point A all HH believe no 
ontra
tion is 
oming and fa
e i0. Point C is a situation where, fa
ing the same rate, HH

believe a 
ontra
tion is 
oming. At point B, HH believe a 
ontra
tion is 
oming but they fa
e the ZLB i = 0. "Unemployment,"

segment A−B, 
ould be avoided if by setting i = i0, CB indu
es HH to believe no 
ontra
tion is 
oming.

Sin
e demand for the produ
t HH are produ
ing does not fall, they work during the entire unit of time to

meet that demand. If, fa
ing the same interest rate, HH believe that θ1 = 1 −∆ then desired 
onsumption is

c
j
0(i0, 1 −∆), whi
h implies a low demand for the produ
t they are produ
ing. The out
ome is point C where

n
j
0(i0, 1−∆) is too low, whi
h would lead to "unemployment" gap A−C. CB may improve things by lowering the

interest rate down to the ZLB, rea
hing point B. Point A and point B are the equilibrium out
omes examined

before in the 
omplete information ben
hmark. If "envy" is present, CB fore
asting a 
ontra
tion would 
hoose

i0, and if HH believe no 
ontra
tion is 
oming, the absen
e of desire to save will prevent the e
onomy from

falling into a suboptimal situation of B. In this sense the un
hanged poli
y rate serves as a 
oordination devi
e

that indu
es optimal allo
ations. Should HH believe in equilibrium that no 
ontra
tion is 
oming when fa
ing

i0? This is examined in the next se
tion. Note however that if HH fa
e i0 and believe that θ1 = 1−∆, the worst

possible 
ase would arise as redu
ed demand would make C the equilibrium situation.

9

There is a "
oordination failure" among HH. If they 
ould somehow 
oordinate to not redu
e c
j
0, they 
ould avoid ending up

with idle resour
es. Coordination failures in Keynesian models were analyzed in general terms by Cooper and John [1988℄.
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3.2.2 Single Crossing Condition (SCC)

If the SCC holds then it should be more 
ostly for a CB fore
asting a 
ontra
tion to in
rease the poli
y interest

rate than for a CB not fore
asting a 
ontra
tion. But the poli
y interest rate by itself does not have an impa
t

on welfare, only on expe
tations. Therefore for a �xed level of 
onsumption, the poli
y rate has no e�e
t on

utility:

∂u(c0)

∂i

∣

∣

∣

∣

θ1=1

=
∂u(c0)

∂i

∣

∣

∣

∣

θ1=1−∆

= 0. (3.17)

The ma
roe
onomi
 model therefore does not support the SCC and the existen
e of a separating equilibrium


an thus be ruled out. We are left to examine whether a pooling equilibrium may arise.

For a SCC to arise in this setup, welfare must be a�e
ted directly by the interest rate, whi
h is not the 
ase

in this model, or in any standard monetary poli
y model for that matter. The only e�e
t that the interest rate

has is on 
onsumption, in the "response to the signal" in the game theoreti
 jargon. This feature would be

maintained under fairly general 
onditions, any 
hange in the de
ision variable for HH would be a response to

the signal, a response to the poli
y rate i.10

3.2.3 Pooling Equilibrium

Under a pooling equilibrium the two types of CB 
hooses the same interest rate ip, that is, independently of the

value fore
asted for θ1. Given that HH would observe a unique interest rate regardless of whether CB foresees a


ontra
tion or not, their Bayesian posterior belief remains equal to the prior in (2.3).

11

Proposition 2. Pooling equilibria. Let is be su
h that:

u(c0(0, 1−∆)) = u(c0(i
s, 1)), (3.18a)

that is, the value of the interest rate that would equate period 0 utility for HH believing no 
ontra
tion is 
oming

with utility under the ZLB when HH believe a 
ontra
tion is 
oming. For some q ≥ qc, there exists a set of

10

For example, if 
ostly pri
e 
hanges are introdu
ed, then HH would like to 
hange pri
es when fa
ing a poli
y rate i di�erent

than i0, but there would not be an independent e�e
t of the poli
y rate on HH's welfare.

11

From (2.9): µ =
Pr(i|θ1=1)q

Pr(i|θ1=1)q+Pr(i|θ1=1−∆)(1−q)
. In this 
ase upon observing ip, HH assign Pr(ip|θ1 = 1) = 1 = Pr(ip|θ1 =

1−∆), and hen
e µ = Pr(θ1 = 1|ip) = q.
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pooling equilibria P = [0, is], where a CB, independently of the fore
asted value of θ1, 
hooses i
p ∈ P. HH beliefs

are given by:

µ =











q if i = ip

0 if i 6= ip,
(3.18b)

where the �rst line in (3.18b) 
orresponds to the on-equilibrium beliefs derived from Bayes' rule and the se
ond

line 
orresponds to the out-of-equilibrium beliefs, whi
h are un
onstrained by Bayesâ��s law and are de�ned by

assumption.

12

The resulting 
onsumption and its utility in period 0 are given by u(c0(i
p, q)) ∈ [u(c0(0, 1−∆)), u(1)]. c0(i

p, q)

denotes 
onsumption upon observing the pooling poli
y rate ip, and when HH's posterior beliefs remain equal to

their prior (2.3), where q is the exogenous probability of no 
ontra
tion. qc is given by:

qc ≡
ip

1 + ip
u′(1−∆)

u′(1−∆)− u′(1)
(3.18
)

Proof. Out-of-equilibrium beliefs indu
e CB to have pre
isely the ZLB i = 0 as the most favorable deviation

from ip. If HH believe that a 
ontra
tion is 
oming, CB optimally goes to the ZLB. For a pooling equilibrium

to arise, it must be the 
ase that:

u (c0(0, 1−∆)) ≤ u(c0(i
p, q)) (3.19a)

where: and c0(i
p, q), a

ording to the Euler equation derived from the aggregate version in (2.8b), satis�es:

u′ (c0(i
p, q)) ≥

1 + ip

1 + i0
[qu′(1) + (1 − q)u′(1−∆)] (3.19b)

with (>) when c0(i
p, q) = 1. Note that inequality (3.19a) implies:

u′(c0(0, 1−∆)) ≥ u′(c0(i
p, q)). (3.20a)

12

Note that the out-of-equilibrium beliefs 
annot be re�ned by means of dominan
e-based re�nements su
h as the dominan
e


riterion and the dominan
e-in-equilibrium 
riterion as in the "intuitive 
riterion" of Cho and Kreps [1987℄ be
ause both CB types

in our model share the same utility fun
tion.
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Euler's equation (3.2) also implies:

u′ (c0(0, 1−∆)) =
1

1 + i0
u′(1−∆), (3.20b)

that we know is satis�ed with equality as under assumption 1 
onsumption is suboptimal, below unity. Using

(3.20b) and (3.19b) in (3.20a):

1 + ip

1 + i0
[qu′(1) + (1 − q)u′(1−∆)] ≤

1

1 + i0
u′(1−∆), (3.20
)

from whi
h we 
an �nd out the value of qc for given ip,∆:

q ≥
ip

1 + ip
u′(1−∆)

u′(1 −∆)− u′(1)
≡ qc. (3.20d)

Clearly qc is above 0. To show that it is below unity, by way of 
ontradi
tion, assume that:

(1 + ip)u′(1) > u′(1−∆) (3.20e)

Let us show that inequality (3.20e) 
annot be satis�ed for any ip ∈ P . Note that the LHS of (3.20e) linearly

in
rease with ip. First, for ip = 0, the 
ontradi
tion is immediate. Se
ond, for ip = is, by de�nition of is and

Euler's equation we have u′(1−∆) = (1 + is)u′(1). A 
ontradi
tion.

Equilibria is des
ribed in Figure 3. We dis
uss two 
ases, separately, the 
ase when ip ≤ i0 and the 
ase when

ip > i0. The dotted 
urve in both �gures is given by utility of 
onsumption u(c0(i)) assuming that HH have µ = q.

Of 
ourse only at i = ip is that 
onje
ture validated by Bayes law in equilibrium. In panel(a) of the �gure, ip

is the pooling equilibrium. Independently of the CB fore
ast, CB will 
hoose that rate. If CB fore
asts a future


ontra
tion, ip delivers higher utility than going to ZLB (a situation arising under the 
omplete information

situation). If CB fore
asts no future 
ontra
tion, it is worse o� 
ompared to the 
omplete information situation.

A similar 
on�guration arise in panel (b) of the �gure. There, ip is higher than the base rate i0. This is however


ounterintuitive as an equilibrium, sin
e the news of a possible 
ontra
tion indu
e the CB to in
rease the poli
y

rate. Given out-of-equilibrium beliefs in (3.18b), nothing prevents this to happen in the model.
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Figure 3: Pooling equilibria: Independently of the CB fore
ast, it sets i = ip. The bla
k dotted line is welfare for

di�erent values of i if HH regard µ = q. Only at ip is this 
onje
ture validated as an equilibrium. For the rest of

the poli
y rates, welfare is given by the blue thi
k line. For high enough values of q, given the same ip, welfare

is u(1), the maximum possible. For the stipulated out-of-equilibrium beliefs, the whole set in gray represents

pooling equilibria out
omes for some (q, ip).

3.2.4 Dis
ussion about the Pooling Equilibria

It is instru
tive to �nd 
onditions under whi
h a given belief µ = q, pooling equilibria may or may not arise. It

is straightforward to verify from (3.20d) that:

∂qc

∂ip
> 0,

∂qc

∂∆
< 0. (3.21)

Hen
e while generally the existen
e of a pooling equilibrium requires high enough prior beliefs that no 
ontra
tion

is 
oming, the higher ip is given a possible 
ontra
tion, the smaller the set of pooling equilibria. Also, the se
ond

inequality in (3.21) show that the higher the 
ontra
tion ∆, the larger is the set of pooling equilibria. The set of

pooling equilibria is larger when the expe
ted 
ontra
tion is severe; this represents the willingness of the CB to

pool and not indu
e agents to believe a grim s
enario is expe
ted when a
tually it may well happen that CB is

not fore
asting a 
ontra
tion at all. In this situation, the CB is most likely to distort its 
omplete information

poli
y interest rate, either by redu
ing it or in
reasing it beyond i0. This last 
ase also implies that the CB is

willing to indu
e a 
ontra
tion by in
reasing rates when privately fore
asting no 
ontra
tion. While welfare in

this 
ase is lower than the 
omplete information 
ounterpart, CB optimally does this to avoid sending a wrong

signal to HH that the e
onomy will su�er an adverse sho
k in the future.
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As illustrated in Figure 3, there is a wide set of pooling equilibria, 
orresponding to the gray area. Depending

on the pooling equilibrium sele
ted, the resulting welfare ranges from the lowest possible under the ZLB to

the same welfare as if the e
onomy were not to undergo a 
ontra
tion, even if it a
tually does. Multipli
ity of

equilibria also means of 
ourse that there are multiple predi
tions for equilibrium "unemployment" ranging from

no unemployment to the same level of unemployment as under the ZLB.

If the CB fore
asts a 
ontra
tion, generally it will gain by pooling, be
ause by 
hoosing a higher rate than

the ZLB it will su

essfully indu
e HH to assign a positive probability of no 
ontra
tion, leading them to only

partially redu
e 
onsumption. Note that in the gray area above i0 this pooling equilibrium implies that even

though the poli
y rate is high, 
onsumption is above the minimum possible, whi
h o

urs under a 
ontra
tion

and at the ZLB. Two opposing e�e
ts are in pla
e here. First, due to a traditional transmission me
hanism,


onsumption tends to de
line with the high rate. Se
ond, the expe
tation 
hannel indu
es HH to believe that

no 
ontra
tion is 
oming and they end up with large 
onsumption and welfare. This shows the power of the

"expe
tations 
hannel" in this signaling game.

3.2.5 Robustness

We now explore the robustness of the results found to alternative of out-of-equilibrium beliefs. While these

beliefs 
annot be re�ned in our model by standard re�nement 
riteria be
ause utility fun
tions of the two types

of CB share the same preferen
es, we rule out implausible equilibria by 
onstraining the set of out-of-equilibrium

beliefs.

Out-of-equilibrium beliefs (3.18b) are not 
onstrained by the de�nition of equilibrium itself but it may o

ur

that some other beliefs are more reasonable or appealing. For example, for equilibria in the area above i0 it is


ounterintuitive that HH's out-of-equilibrium beliefs assign 0 probability to no 
ontra
tion when observing an

in
rease in the poli
y interest rate. We do not observe su
h equilibria in reality. When there are news of a possible

re
ession, CBs usually 
ondu
t expansionary poli
y, not 
ontra
tive. To obtain a simple 
hara
terization, we

assume that if HH observed a rate greater or equal than i0 they would hold out-of-equilibrium beliefs equal to

20



the prior (2.3).

µ =























q if i = ip

0 if i0 > i 6= ip

q if i0 ≤ i 6= ip

(3.22)

We show that under these beliefs there 
annot be pooling equilibria above i0. Note that for potential ip in

this region, the most favorable deviation is i0. Therefore, by way of 
ontradi
tion, assume that ip > i0 is a

pooling equilibrium. Then: u(c0(i0, q)) < u(c0(i
p, q)). Con
avity implies u′(c0(i0, q)) > u′(c0(i

p, q)). By the

Euler equation:

(1 + i0)[qu
′(1) + (1− q)u′(1 −∆)] > (1 + ip)[qu′(1) + (1− q)u′(1−∆)] (3.23)

whi
h gives an immediate 
ontradi
tion. This 
an be easily seen in panel (a) of Figure 4. ip 
annot be an

equilibrium there, sin
e by de
reasing the poli
y interest rate, utility in
reases along the thi
k blue 
urve. By

setting i0 utility is maximal independent of the fore
asted value of θ1, and utility obtained is u(c0(i0, q)) >

u(c0(ip, q)). The same is true for any pooling equilibria in the region above i0.

As an additional robustness 
he
k, 
onsider the 
ase when i < i0. Out-of-equilibrium beliefs in either (3.18b) of

(3.22) imply that a deviation from the pooling equilibrium indu
es HH to believe that a 
ontra
tion is 
oming

with probability one. We assume here that out-of-equilibrium beliefs are an in
reasing monotone fun
tion of i,

ψ(i). We impose the 
onditions ψ(0) = 0 and ψ(i0) = q, that is, when observing the ZLB HH believe that a


ontra
tion is 
oming for sure and when observing i0 they sti
k to their prior belief. This relaxes the previous

assumption signi�
antly, espe
ially for large q sin
e in this 
ase the higher the interest rate, the larger is the

probability that HH assign to no 
ontra
tion. To see this, let us de�ne formally:

µ =























q if i = ip

ψ(i) if i0 > i 6= ip

q if i0 ≤ i 6= ip

(3.24)

Hen
e we are still maintaining the same out-of-equilibrium beliefs for i ≥ i0 as in (3.22). To 
hara
terize equilibria


onsider panel (b) of Figure 4 where q is relatively high. The bla
k dotted 
urve shows utility for di�erent values

of i when HH expe
t no 
ontra
tion with probability q. ip is a pooling equilibrium be
ause any deviation yields
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Figure 4: In panel (a), given the out-of-equilibrium beliefs portrayed in the thi
k line ip 
annot be an equilibrium

be
ause CB 
an redu
e the interest rate up to i0 and obtain higher utility. In panel (b) when i < i0 out-of-

equilibrium beliefs are des
ribed by ψ(i) (assumed to be monotone in
reasing and satisfying the boundary


onditions explained above. ip is an equilibrium for the depi
ted q as no deviation is pro�table for the CB.

lower utility given by the blue thi
k 
urve and the 
orresponding out-of-equilibrium-beliefs, and therefore both

CB types are better-o� by 
hoosing ip, more so the CB fore
asting a 
ontra
tion. More formally, note that for

su
h an example, the most favorable deviation is i0. Therefore for i
p
to be an equilibrium, it has to be the 
ase

that u(c0(i0, q)) < u(c0(i
p, q)), and 
on
avity gives u′(c0(i0, q)) > u′(c0(i

p, q)). The Euler equation then gives

expression (3.23), whi
h is obviously satis�ed be
ause in this 
ase ip < i0.

By varying q ∈ [0, 1] it is evident that the gray area depi
ts possible pooling equilibria. Hen
e, out-of-equilibrium

beliefs need not be as pessimisti
 as in (3.18b) for allo
ations in the relevant gray area to be sustained as possible

equilibria.

3.3 The Symmetri
 In
omplete Information Case

A 
ru
ial assumption driving the previous results is that CB is better informed about future sho
ks hitting the

e
onomy than households. We now present a ben
hmark 
ase where the CB and households are symmetri
ally

informed about future sho
ks. We model this ben
hmark by assuming that the CB does not perfe
tly fore
ast

θ1, but instead hold the same beliefs about the probability of future sho
ks than HH, namely (2.3).

In this 
ase, in period 0 CB sets i0 expe
ting no 
ontra
tion and HH set pri
es. Later on during the �rst period,
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both CB and HH re
eive news of a possible future 
ontra
tion a

ording to (2.3). The Euler equation for HH in

its aggregate version is:

u′(c0(i)) ≥
1 + i

1 + i0
[qu′(1) + (1− q)u′(1−∆)] (3.25)

with (>) when c0(i) = 1, for some i. Now the 
onsumption-maximizing CB is not 
onstrained by signaling


onsiderations, and therefore it 
an in
rease 
onsumption and welfare by further redu
tions in interest rates

until rea
hing either a zero interest rate or full employment (whi
h would depend on the exogenous value of q).

For example, in panel (b) of Figure 4 by redu
ing the interest rate below ip, absent signaling 
onsiderations, the

CB would in
rease utility unambiguously, and both CB and HH are better-o� rea
hing utility level u(c0(i0, 1)),

as if the e
onomy were not hit by a 
ontra
tive sho
k. Sin
e CB does not have an informational advantage over

households, HH would not interpret a lower interest rate as a signal of a likelier 
ontra
tion.

This ben
hmark suggests that the CB would like to avoid being informed about future sho
k if given the 
han
e.

This situation arise not be
ause the CB does not value information per se, but by being informed about the

future opens the possibility that HH believe that CB will try to 
on
eal some information, whi
h we have shown

delivers the suboptimal pooling equilibria.

All other things held 
onstant, the equilibrium interest rate would be lower that would be under a pooling

equilibrium (for a given exogenous value of q), whi
h reinfor
es the main result of the previous se
tion, namely

that a better informed CB would be more 
autious about redu
ing the interest rate in order to avoid signaling to

households the possibility of an adverse sho
k in the future. However, we 
laim that the in
omplete information

ben
hmark is a more relevant 
ase be
ause the assumption that CBs are better informed than HH (and HH also

believe that) are generally supported by the literature.

13

4 Con
lusions

This paper explores the impli
ations of asymmetri
 information about the future status of the e
onomy between

a CB and private agents when the former 
ondu
ts monetary poli
y near the zero lower bound. The main

�nding is that there is multipli
ity of pooling equilibria in whi
h the poli
y interest rate is above the zero lower

13

See for example Romer and Romer [2000℄, Peek et al. [2003℄, Hubert [2015℄ and Pedersen [2015℄.
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bound. Our results suggest that a CB privately foreseeing a re
ession will follow a less expansionary monetary

poli
y 
ompared to either a 
omplete information or a symmetri
 information 
ontext in order to avoid making

matters worse by revealing bad times ahead, whi
h would further de
rease private expenditure and deepen

the 
ontra
tion. In su
h an equilibrium the CB that does not foresee a 
ontra
tion 
omplies with the pooling

equilibrium poli
y rate, whi
h is welfare detrimental 
ompared to a 
omplete information situation.

Our results are 
onsistent with stylized fa
ts in the a
tual 
ondu
t of monetary poli
y. In parti
ular, there

is eviden
e that when 
ondu
ting expansionary monetary poli
y in di�
ult times CBs tend to 
ut rates in a

very prudent manner, preferring a sequen
e of minor adjustments over time rather than large ones, unless it is

very evident that the e
onomy is in re
ession. This is 
onsistent with our equilibria where the poli
y rate is

set above the zero lower bound when the prior belief of no future 
ontra
tion is relatively high. This means

that an equilibrium poli
y rate above the zero lower bound under an a
tual future 
ontra
tion is less likely if

it is quite evident to all market parti
ipants that a 
ontra
tion will o

ur. This would have been the 
ase, for

example, in the most re
ent global �nan
ial 
risis where CBs around the world indeed 
ut rates to the zero

lower bound quite qui
kly. Yet in less di�
ult times, usually in the early stages of a deep 
ontra
tion, is not

un
ommon to observe CBs being 
areful not to indu
e "pani
" about the future state of the e
onomy by 
utting

rates aggressively. It is also fair to say that prudent behavior by CBs is 
onsistent also with other models that

emphasize CBs own struggle in a
quiring better information to make de
isions. See for example Aoki [2003℄

and Gust et al. [2015℄ for the 
ase of the ZLB. Testing empiri
ally both alternative and observationally similar

theories explaining CBs' pruden
e in redu
ing interest rates when fa
ing 
ontra
tions remains an interesting

empiri
al question open for future resear
h. However, what is unique about our model is the result that even a

CB anti
ipating no 
ontra
tions in the future would distort its interest rate poli
y (at a welfare 
ost) to prevent

an adverse interpretation about the future of the e
onomy by 
onsumers.

In our analysis we maintained the strong assumption that pri
es are 
ompletely rigid. Also, the nature of the

sho
k analyzed is very spe
i�
: It is a future produ
tivity sho
k that leads to a 
urrent demand 
ontra
tion.

This implies that CB fa
es no trade-o� for monetary poli
y, even if 
ostly pri
e 
hanges would be allowed. It

might be interesting to analyze situations where CB fa
es a supply 
ontra
tion, if pri
es are allowed to 
hange,

this may deliver an interesting 
on�guration for the signaling 
hannel. This venue of resear
h is left for future

work.

Another possible interesting extension is to 
hara
terize the signaling game under more possible sho
ks or even
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a 
ontinuum of future sho
ks, whi
h is often the 
ase in New Keynesian models. In this paper, for tra
tability

we 
onsidered two states of a future sho
k. However, we 
laim this assumption may be also justi�ed be
ause

usually expe
tations about "future e
onomi
 
onditions" and "
on�den
e 
limate" of �rms and households are

in pra
ti
e framed and 
ommuni
ated in a simpler binary or �nite-state setting, not in a 
ontinuous setting.

Our setting is thus more 
onsistent with this empiri
al way of framing and interpreting information about future

e
onomi
 
onditions, see for example OECD [2003℄.
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A Appendix

In this appendix I study a �exible pri
e e
onomy, where the CB maintains i0 throughout period 0 and there is

no un
ertainty, with θ0 and θ1 being the produ
tivity levels for periods 0 and 1 respe
tively.

Environment

As in the main model, households are indexed by j and ea
h produ
e a given variety ℓ. Taking as given Pt and

i0, HH maximize:

uj = u
(

c
j
0

)

+ βu
(

c
j
1

)

(A.1)

subje
t to:

P0c
j
0 +Bj = P0(ℓ)y

ℓ
0, y

j
0 = θ0n

j
0 (A.2a)

P1c
j
1 = (1 + i0)B

j + P1(ℓ)y
ℓ
1, y

j
1 = θ1n

j
1. (A.2b)

Choosing Pt(ℓ), c
j
t , y

ℓ
t and n

j
t , where the pri
e level and demand for variety ℓ are given by:

Pt =

[
∫ 1

0

Pt(ℓ)
1−ηdℓ

]

1
1−η

, c
j
t (ℓ) =

(

Pt(ℓ)

Pt

)−η

c
j
t (A.3a)

where c
j
t (ℓ) is demand of variety ℓ by HH j, money is demanded ea
h period for transa
tion purposes:

Ptc
j
t =M

j
t (A.3b)

De�nition of Equilibrium

A (monopolisti
) 
ompetitive equilibrium is a pri
e level Pt and an interest rate i0 su
h that:

• HH maximize utility (A.1) subje
t to the 
onstraints (A.2)
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• Markets 
lear:

Goods market 
lears: ct(ℓ) ≡

∫ 1

0

c
j
t (ℓ)dj = yℓt (A.4a)

Bonds market 
lears:

∫ 1

0

Bjdj = 0 (A.4b)

Money market 
lears:

∫ 1

0

M
j
t dj =M s

t (A.4
)

Solution

The intra-temporal problem of how to set pri
es 
an be written for HH as maximizing real in
ome from the

produ
tion of variety ℓ:

max
Pt(ℓ),nℓ

t

Pt(ℓ)

Pt

yℓt (A.5a)

subje
t to:

yℓt = ct(ℓ), yℓt = θtn
j
t , 0 ≤ n

j
t ≤ 1. (A.5b)

where ct(ℓ) is the market demand for variety ℓ:

ct(ℓ) ≡

∫ 1

0

c
j
t (ℓ)dj =

(

Pt(ℓ)

Pt

)−η ∫ 1

0

c
j
tdj ≡

(

Pt(ℓ)

Pt

)−η

ct (A.5
)

and

∫ 1

0 c
j
tdj ≡ ct is de�ned as aggregate 
onsumption.

Using (A.5
), HH's problem 
an be written as:

max
Pt(ℓ)

(

Pt(ℓ)

Pt

)1−η

ct, subje
t to: n
j
t ≡

(

Pt(ℓ)

Pt

)−η
ct

θt
≤ 1 (A.5d)

Let λt be the multiplier for the 
onstraint in (A.5d). The K-K-T 
onditions are:

Pt(ℓ)

Pt

=
η

η − 1

λt

θt
, λt

[

1−

(

Pt(ℓ)

Pt

)−η
ct

θt

]

, λt ≥ 0 (A.5e)

By way of 
ontradi
tion it is straightforward to show that n
j
t < 1 
annot be optimal. If λt = 0 then Pt(ℓ) = 0
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but the iso-elasti
 demand for ℓ implies that demand for produ
t ℓ is in�nite at that pri
e. This 
learly violates

the restri
tion that n
j
t ≤ 1, hen
e nj

t = 1. Then with �exibility of pri
es Pt(ℓ) = Pt, and market 
learing in the

bond market implies ct = θt. It is also immediate that ct = θt = yℓt = ct(ℓ).

As for the intertemporal 
onsumption de
ision, the Euler equation in its aggregate form is:

u′(θ0) = β(1 + i0)
P0

P1
u′(θ1) (A.6)

Both in period 0 and in period 1, money market 
learing should satisfy:

∫ 1

0

M
j
t dj = Ptθt =M s

t (A.7)

whereM s
t is the sto
k of money supply. The sto
k of money an
hors the pri
es P1 = 1, by assumption. In period

0 pri
es are determined by the Euler equation:

P0 =
u′(θ0)

β(1 + i0)u′(θ1)
(A.8)

And given the interest rate i0, money supply in period 0 adjusts to 
lear the money market, using (A.7):

M s
0 =

θ0u
′(θ0)

β(1 + i0)u′(θ1)
(A.9)
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