
UNIVERSITY COLLEGE LONDON

ESSAYS ON UNCONVENTIONAL

MONETARY POLICIES

July 2022

Gherardo Gennaro Caracciolo

A thesis submitted in fulfilment of the

requirements for the degree of Doctor of

Philosophy in the

Department of Economics



2



Declaration

“I, Gherardo Gennaro Caracciolo confirm that the work presented in my thesis is my

own. Where information has been derived from other sources, I confirm that this has

been indicated in the thesis.”

Date Signature

03/08/2022 Gherardo Gennaro Caracciolo

3



4



Abstract

This thesis studies the effects of unconventional monetary policies on social welfare

and macroeconomic stability, alongside their interaction with fiscal policies.

Chapter 1 analyses how the effectiveness of central bank communication depends on

its precision (the noise in the communication) and its accessibility (the fraction of

agents it reaches). Most of the existing theoretical work on central bank communica-

tion focuses on one or the other dimension, neglecting their interdependence. In this

Chapter I show that accounting for their interaction is essential for optimal communi-

cation design. Within two different information structures, I show that disclosing too

precise information is detrimental if it reaches a small audience, even if the alternative

is no disclosure to anyone. The optimal degree of precision is increasing in the share of

people who can understand it. My analysis suggests it is better to provide simple and

clear statements rather than very detailed information that only few can understand.

Chapter 2 (joint work with Marco Bassetto) studies how the well known connection

between monetary and fiscal policy manifests itself in the context of the Eurozone,

where that connection links the European Central Bank, the 19 national central banks,

the Treasuries of 19 countries, and the European Union. The goal is twofold. First,

we wish to clarify how seigniorage flows from the monetary authority to the budget

of each country. Second, we seek to answer the question of how the taxpayers of each

country are affected by a default of one of the participants to the union. In answer-

ing this question, we analyze the mechanisms that ensure (or do not ensure) that net

liabilities across countries stay bounded, and I establish how the answer depends on

the liquidity premium that each category of assets commands (cash, excess reserves

within the Eurosystem, and government bonds). We find that the official risk-sharing

provisions of the policy of quantitative easing (QE), whereby national central banks

retain 90% of the risk intrinsic in bonds of their own country, only holds under restric-
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tive assumptions; under plausible scenarios, a signi�cantly larger fraction of the risk is

mutualized.

Chapter 3 revisits the question of how a central bank should communicate. In this

Chapter, alongside precision, I take into account another fundamental feature of com-

munication: credibility. Standard economic practice suggests that central banks should

uncontrovertibly maximise their credibility. However, through a new theoretical frame-

work, I show that under realistic circumstances, this might not be consistent with

welfare maximisation.
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Impact Statement

In this thesis I study the welfare e�ects of central banks' communication, and the in-

teraction between monetary and �scal policies, with a particular focus on the complex

environment of the Euro Area. It �ts within the �eld that answers macroeconomic

questions through theoretical models. Because of its focus, it is also closely related to

economics of information and monetary economics.

This work contributes to the existing literature in di�erent ways. Chapter 1 and

Chapter 3 provide new theoretical frameworks that help studying central banks' com-

munication problems. In these chapters I show how the e�ects of forward guidance on

social welfare change according to di�erent combinations of various important features

of communication: precision (the noise in the communication), accessibility (fraction

of agents reached by the communication), and credibility (fraction of agents who be-

lieve the communication is informative). In Chapter 2 (joint with Marco Bassetto) we

extend the literature that studies �scal consequences of Quantitative Easing in order

to analyse the complex environment of the Eurozone, where the ECB interacts with:

19 independent (?) �scal authorities, and 19 national central banks.

The theoretical �ndings of this thesis carry important policy implications. Chapter

1 highlights a new interesting complementarity between precision and accessibility of

communication: the more precise (i.e. technical) a central bank wants to be, the bigger

its audience (i.e. accessibility) must be in order for the communication to trigger a

welfare gain. Chapter 3 shows the non-trivial role of credibility: full credibility, that

in practice seems extremely desirable, is not always consistent with welfare maximi-

sation. Both these results can help shaping the communication reforms that many

central banks have undertaken in the past few years. The �ndings of Chapter 2 call

for a revision of the TARGET2 system (the tool that settles payments related to the

Eurosystem's monetary policy operations) highlighting how this represents an impor-
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tant point of connection between national central banks' budget constraints that could

potentially lead to unintended �scal redistribution.
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Introduction

The e�ectiveness of the new unconventional tools of monetary policy, namely forward

guidance and quantitative easing, came to the forefront of academic and policy research

debate during the European debt crisis, and subsequently during the recent pandemic.

This thesis aims to contribute to this debate shedding new light on how unconventional

monetary policies impact on social welfare and, in the case of quantitative easing,

a�ect central banks' balance sheets and interact with �scal policies. Understanding the

e�ects that these policies produce requires accurately modelling people's expectation

formation process alongside with the �scal environment in which they �t. Thus, part of

this thesis, is devoted to understanding how the information coming from the central

banks a�ects the general public's expectations, therefore changing their behaviour.

A second part takes a structural approach in order to understand the functioning of

quantitative easing programs in the complex environment of the Euro Area.

In Chapter 1,\Parole, Parole, Parole: The importance of Central Bank Communica-

tion)", I study how forward guidance's impact on social welfare, and therefore optimal

communication policy prescriptions, depends on the relation between two fundamental

features of communication: precision (the noise in the communication), and accessibil-

ity (the fraction of agents reached). I start by documenting the fact that the forward

guidance implemented by the Fed in the aftermath of the Great Financial Crisis has

not been homogeneously accessible to the general public. More precisely, using the

Michigan Survey of Consumers, I present new facts on how, following the introduction

of calendar-based forward guidance, a signi�cant and systematic di�erence between the

levels of disagreement about the 1-year ahead short-term interest rate of di�erent types

of consumers arose. I then develop a Lucas-Phelps island model extending Myatt and

Wallace [2014] in which a welfare-maximizing central bank releases a signal regarding

the unknown fundamental of the economy. This signal features a certain precision
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(i.e. noise of the signal) and accessibility levels (i.e. fraction of agents that receives

the signal).I show the existence of three key accessibility regions (low, middle, high)

that determine the welfare impact of the communication. If the audience reached is

in the low-accessibility region, then a central bank's best strategy is to remain silent,

as communicating always leads to a welfare loss. This is independent of the precision

achievable. On the contrary, if the audience of the central bank falls in the high-

accessibility region, then a central bank should always communicate, as by doing so it

unequivocally increases welfare. This is also independent of the precision achievable.

When the central banks' audience is in the middle-accessibility region, however, the

precision level it wants to achieve is crucial in determining whether communicating is

welfare enhancing. As for any given precision level, there exists a unique precision-

dependent accessibility threshold such that, if the central bank's audience is below this

threshold, communicating triggers a welfare loss. On the contrary, if the audience is

above the threshold, communicating improves welfare. I also show that this precision-

dependent accessibility threshold increases with the precision level the central bank

wants to achieve. This last conclusion poses important new policy challenges, as it

implies that the more precise a central bank wants to be, the bigger its audience must

be in order for this communication to be welfare enhancing. Precision and accessibility

are therefore complements, while the natural trade-o� highlighted by the empirical

literature goes in the exact opposite direction: more precision implies less accessibility

Haldane and McMahon [2018].

In Chapter 2,\Monetary/Fiscal Interactions with Forty Budget Constraints" (joint

with Marco Bassetto), we study how the well known single budget constraint connection

between �scal and monetary policy manifests itself in the context of the Eurozone.

While existing works have focused on the interaction between a single �scal and a

single monetary authority, within the Eurozone that connection is much more complex

as it links the European Central Bank, the 19 national central banks, the Treasuries of

19 countries, and the European Union. The central question we ask is the following: if

indeed monetary and �scal policy are inevitably intertwined by their common budget

constraint, under what assumptions is there a wall between the budgets of each nation

within the Eurozone? Is there still the potential for losses and gains to spill over from

one country to another in potentially unintended ways? Our �ndings suggest that the

conditions under which the separation of the budgets of each country holds are quite
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restrictive. In practice taxpayer risks are pooled to a greater extent than it would be

the case de jure. Our chapter emphasizes the role of the Target 2 system in representing

the link in the budget constraints across countries.

In Chapter 3, `Optimal Communication Strategy for Central Banks', I revisit the ques-

tion of how forward guidance a�ects social welfare. In this chapter, however, alongside

precision, I take into account a di�erent dimension of forward guidance: credibility. I

develop a theoretical framework in which a sender controls the two dimensions of its

communication jointly. I then apply it to a Central Bank communication problem and

study the precision and credibility levels that are consistent with welfare maximization.

The result is that while it is true that Central Banks should always be as precise as

possible, it is not true that they should maximize credibility of their communication

`a priori'. In fact, credibility should be carefully tailored to the maximum precision

achievable. This result sheds new light on the `forward guidance puzzle' introducing a

trade-o� between maximizing forward guidance's e�ectiveness and maximizing social

welfare.
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Chapter 1

\Parole, Parole, Parole": The

Importance of Central Bank

Communication

1.1 Introduction

Communication is a fundamental tool for central banks' monetary policy. In particular,

an important aspect of monetary policy is sharing superior information1 with the goal

of reducing agents' uncertainty, guiding their expectations, and easing their decision

making process (Blinder et al. [2008]). The e�ectiveness of communication depends on

two fundamental features: precision (the noise in the communication) and accessibility

(the fraction of agents reached by the communication). Accessibility has increasingly

become a �rst order concern for many central banks, as they have embarked in extensive

(and expensive) communication reforms aiming to reach a larger number of agents

in the economy. For instance, the Bank of England, the Fed, and the ECB have

all started releasing simpler and more concise statements alongside the `traditional'

technical reports, and they signi�cantly increased their presence on social media.

These initiatives are guided by the empirical literature's �ndings that show how pre-

1Campbell et al. [2012] calls \Delphic forward guidance" the case in which a central bank's aim is

to transmit superior information regarding the economy to the agents.
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cision and accessibility of central banks' communication are deeply linked. The more

precise a signal is, the more technical it will be and therefore less accessible to the

general public (Binder [2017], Coenen et al. [2017], Jost [2017], Haldane and McMahon

[2018]). Haldane and McMahon [2018] provide experimental evidence showing that,

while the Bank of England's \traditional" communication reaches a small fraction of

the population, the new shorter and simpler reports are accessible to a much broader

audience. The key trade-o� highlighted in their experiment is straightforward: a more

technical (precise) signal a�ects agents' expectations to a greater extent, but decreases

the number of agents' whose expectations are in
uenced. This is owed to the fact that

not everyone possesses the skill set to understand and interpret the more technical

and nuanced form of communication. However, on the theoretical side, most of the

existing work on central banks' communication focuses solely on precision ( Morris and

Shin [2002b], Angeletos and Pavan [2004], Svensson [2005], Angeletos and Lian [2016]).

When accessibility is also considered, these two features are treated as disjointed and

independent dimensions (Cornand and Heinemann [2008]).

The main contribution of this chapter is to develop a theoretical framework to anal-

yse how welfare e�ects produced by the release of a communication change according

to any potential precision-accessibility interdependence. The key �nding is that, un-

less the signal of the central bank reaches a precision-dependent minimum audience,

communicating unequivocally leads to a welfare loss. From a policy perspective, it is

therefore essential for central banks to understand the precision-accessibility mapping

of their communication, as shortcomings in assessing this link leads to policy mistakes.

I develop a Lucas-Phelps island model extending Myatt and Wallace [2014] in which a

welfare-maximizing central bank releases a signal regarding the unknown fundamental

of the economy. This signal features a certain precision level. On the receivers part,

only a fraction of agents will be able to access the central bank's signal. The fraction

of agents to which the central bank's signal is accessible can be interpreted as being

determined by its precision. Throughout the chapter, I purposely keep the mapping

between precision and accessibility of the signal as general as possible, avoiding com-

mitting to any speci�c functional form. I show that there are three key accessibility

regions (low, middle, high) that determine the welfare impact of the communication.

If the audience reached is in the low-accessibility region, then a central bank's best

strategy is to remain silent, as communicating always leads to a welfare loss. This is
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independent of the precision achievable. On the contrary, if the audience of the central

bank falls in the high-accessibility region, then a central bank should always communi-

cate, as by doing so it unequivocally increases welfare. This is also independent of the

precision achievable. When the central banks' audience is in the middle-accessibility

region, however, the precision level it wants to achieve is crucial in determining whether

communicating is welfare enhancing. As for any given precision level, there exists a

unique precision-dependent accessibility threshold such that, if the central bank's au-

dience is below this threshold, communicating triggers a welfare loss. On the contrary,

if the audience is above the threshold, communicating improves welfare. I also show

that this precision-dependent accessibility threshold increases with the precision level

the central bank wants to achieve.

This last conclusion poses important new policy challenges, as it implies that the

more precise a central bank wants to be, the bigger its audience must be in order for

this communication to be welfare enhancing. Precision and accessibility are therefore

complements, while the natural trade-o� highlighted by the empirical literature goes

in the exact opposite direction: more precision implies less accessibility (Haldane and

McMahon [2018]). All these results are driven by the fact that, in an environment in

which agents have a strategic motive, having a small audience does not only lead to

a failure in managing agents' expectations. It also causes a harmful `misweighting' of

the available information that leads to further welfare losses.

I then move to a more complex and realistic information structure. The aim is to

investigate the e�ects on welfare of the introduction of a simpli�ed signal, alongside the

more technical (and precise) one. This extension is warranted for two reasons. First,

the aforementioned communication reforms adopted by many central banks, according

to which they started to release simpli�ed versions of their technical reports. Second,

even when only technical information is released, it is then interpreted by experts

and journalists in a way that adds noise but makes it more widely accessible. I show

that the introduction of this new simpli�ed signal does not remove the ine�ciencies

caused by the misweighting behaviour of the agents. Even in this second model, when

the audience of the technical signal is too small (below a certain precision dependent

threshold), then the release of two signals decreases welfare. I show that when the

audience is below this threshold, a central bank could do better by releasing only one

signal|the less precise one. Moreover, in this `low accessibility region' the bigger the
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di�erence in precision between the two signals, the higher the implied welfare loss. As

in the �rst model, the accessibility threshold is increasing in the precision of the more

technical signal.

I also look at data on expectations regarding future monetary policy with a twofold

goal: gathering a further motivating fact for my theoretical analysis, and carrying out

a quantitative exercise. Firstly, I document the fact that the forward guidance imple-

mented by the Fed in the aftermath of the Great Financial Crisis has not been homo-

geneously accessible to the general public. I use the Michigan Survey of Consumers to

show that, following the introduction of calendar-based forward guidance, there was

there was an unprecedented di�erence between the levels of disagreement about the

1-year ahead short-term interest rate among households with di�erent degrees of edu-

cation. Secondly, I combine the Michigan Survey of Consumers dataset with data on

the 3 Month T-Bill Rate in order to quantify the analytical thresholds derived in the

�rst model and simulate the welfare impact of di�erent types of communication.

The remainder of the chapter is organized as follows: section 1.2 presents new facts on

general public's disagreement regarding future monetary policy. Here I show that the

disagreement levels of di�erent type of consumers react di�erently to the introduction

of calendar-based forward guidance. section 1.3 presents the island-economy model

and the �rst information structure I adopt. In Subsections 1.3.1, 1.3.2 and 1.3.3 I solve

the model presenting its equilibrium and the implications for output stabilization. In

Section 1.4 and its subsections I present the more complex information structure, the

new equilibrium, and the results of this second model, highlighting similarities and

di�erences with the �rst one. In Section 1.5 I summarize my �ndings drawing some

relevant policy conclusions.

1.1.1 Literature Review

This chapter contributes to the large and growing literature on central bank commu-

nication. A big branch of this literature focuses on how the welfare e�ect of disclosing

public information varies with the precision level, the number of signals released, and

the agents' desire for coordination: Morris and Shin [2002b], Angeletos and Pavan

[2004], Morris and Shin [2005], Svensson [2005], Hellwig [2005], Angeletos and Pavan
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[2007], Chahrour [2014]. Angeletos and Pavan [2004] and Angeletos and Pavan [2007]

discuss equilibrium versus e�cient use of information. Within a class of economies that

have externalities, strategic complementarity or substitutability, and heterogeneous in-

formation, they analyse the impact on welfare of the release of a signal according to its

publicity. This chapter is a generalization of their work. Focusing on an island-economy

in which ine�ciency is driven by non-socially optimal strategic complementarity it

shows how results change once the possibility of having heterogeneous access to infor-

mation is taken into account. All these works assume homogeneity in the accessibility

of the information that is released, in contrast to this chapter. Perhaps the closest to

this work is Cornand and Heinemann [2008]. Cornand and Heinemann [2008] claim

that partial disclosures might tackle the coordination-driven problems highlighted by

the aforementioned literature. In their model, welfare losses occur due to the high

level of accessibility and the low levels of precision of the signal released. Whereas

releasing information with low accessibility always leads to welfare gains. My work

complements their �ndings shedding light on how, once one enriches the information

structure and moves to a di�erent (and broader) class of models, these conclusions are

reversed. Welfare losses can only occur when a signal features low levels of accessibility,

and this happens for any level of precision of the signal. This chapter o�ers also a use-

ful theoretical framework to further study the implication of the precision-accessibility

trade-o� shown by empirical literature evaluating accessibility of central banks com-

munication (Binder [2017], Coenen et al. [2017], Jost [2017], Haldane and McMahon

[2018]), as it analytically derives precision-dependent accessibility thresholds that allow

to unequivocally determine the welfare e�ects of communicating.

1.2 The Impact of Forward Guidance on the Pub-

lic's Disagreement

In August 2011, the Federal Open Market Committee (FOMC) released the following

statement: \The Committee currently anticipates that economic conditions [...] are

likely to warrant exceptionally low levels for the federal funds rate at least through mid-

2013". This marked the beginning of the so called `calendar-based forward guidance'.

The FOMC started implementing forward guidance already in December 2008, however
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it issued very general and `open ended' statements, without explicit references to any

calendar date or precise time horizon:\Interest rates are expected to remain low for

an extended period". In this section I present some facts on the impact of this change

of communication on future monetary policy expectations.

Previous works, using surveys of professional forecasters, have shown how the in-

troduction of `calendar-based' forward guidance led to a sharp decrease in the dis-

agreement among experts (Andrade et al. [2019], Ehrmann et al. [2019]). Using the

Michigan Survey of Consumers2, I perform a similar exercise for the general public's

expectations. The Michigan Survey of Consumers asks the following question.\No

one can say for sure, but what do you think will happen to interest rates for borrowing

during the next 12 months will they go up, stay the same, or go down?'Creating a

categorical variable that takes value 1, if the answer is `they will go up', 0 if the answer

is `stay the same',� 1 for `they will go down', and taking its variance, allows me to

recover a disagreement index. Figure 1.2.1 shows how disagreement evolved during the

period 1980-2019. The vertical line in 2011 marks the beginning of the calendar-based

forward guidance.

Fact 1. After the introduction of date-based forward guidance, consumers' disagree-

ment on future interest rates one-year ahead declined and stabilized around low levels.
2Appendix A describes the Michigan Survey of Consumers in detail
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Figure 1.2.1: Disagreement 1980{2020

However, while professional forecasters' ability to understand central banks' commu-

nication can be thought as homogeneous, this is far from a realistic assumption when

we talk about the general public. It is natural to ask, therefore, whether everyone

in the economy processes the information coming from the central bank in the same

way? Haldane and McMahon [2018], through a �eld experiment, suggest that only

highly educated people might have the necessary skills to understand central banks'

communication. The Michigan Survey of Consumers allows us to divide the respon-

dents according to their education level. I compute the disagreement indices about

future monetary policy for two di�erent types of agents: those who went to college

(`College-Educated'), and those who have a high-school diploma or less (`High School-

Educated'). Figure 1.2.2 reports these two disagreement indices.
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Figure 1.2.2: Disagreement Indices by Educational Attainment

Fact 2. Before the introduction of date-based forward guidance, there are no clear

systematic di�erences between the two disagreement indices. After the introduction of

calendar-based forward guidance the disagreement level of the `College-Educated' agents

falls more, and a systematic gap between the two indices arises.

Figure 1.2.2 strongly suggests that Fed's forward guidance is much more e�ective in

in
uencing and coordinating educated agents' expectations, that is, it is perceived as

more precise and hence understood better.

1.3 The Model: A Lucas-Phelps Island Economy

In this Section I present the general set up of the model, the �rst information structure,

the welfare criterion I adopt, and the results.
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This model closely follows that in Myatt and Wallace [2014], which is a Lucas-Phelps

economy (Phelps [1970], Lucas [1972]) with a unit mass of `islands' indexed byi 2 [0; 1].

Each islandi can be thought of as a sector of an economy. The natural logarithm of

the nominal price on each islandi is pi . Log production in island i is given by yi

and the natural level of output is normalized so that its natural logarithm is equal

to 0. Aggregate demand, on every islandi is driven by the (unique) economy-wide

fundamental � 2 R. If the fundamental � were common knowledge, thenpi = � in

each islandi and output gap would be eliminated. There is however island-speci�c

uncertainty regarding � . Aggregate demand,yi;D , on each island is de�ned as follows

yi;D = � d(Ei [� ] � pi ); (1.3.1)

wherepi is the natural logarithm of the nominal price in islandi and � d is the slope of

aggregate demand. In this speci�cation aggregate demand depends on the expectation

of � , which can be considered as an idealized nominal anchor in the economy.

There will also be supply-side uncertainty, because on each islandi only pi is known.

All the other prices are not observed. Aggregate supply,yi;S , on island i is de�ned to

be

yi;S = � s(pi � Ei [ �p]); (1.3.2)

where �p =
R1

0 pi di is the average price in the economy and� s is the slope of aggregate

supply. Equating the supply and demand yields the market-clearing price in islandi

pi = (1 � � )Ei [� ] + � Ei [ �p]; (1.3.3)

where � = � s
� s + � d

. The market-clearing prices in this economy are, therefore, a linear

combination of two island-speci�c expectations. One is an expectation over the hidden

state of the world � . The other is an expectation of the average price across all other

islands �p. The weight assigned to each expectation depends on the slopes of aggregate

supply and demand. The pricing rule (1.3.3) can be easily microfounded. Myatt and

Wallace [2012] show that this is the equilibrium price when di�erentiated �rms compete

in Bertrand/price competition. Foundations can also be derived from DSGE models

(Angeletos and La'O [2009], Angeletos and Lian [2018]), where the optimal pricing rule

of the �rms can be represented as a dynamic beauty-contest.

In the Lucas-Phelps island model, the economy's e�ciency is generally measured using

the output gap for each island. Recall that, given the normalization of the natural-level
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of output, yi also represents the output gap of each island in the economy. If the state

of the world � was common knowledge, then there would be a unique price equal to

� and yi would be always equal to 0. Thus, no output gap in any island would arise.

However, uncertainty over� and over the average price �p leads to ine�ciencies. We

can measure the overall e�ciency of this economy by aggregating all islands' output

gaps (and treating them symmetrically). I therefore use
R1

0 y2
i di as an ex-post measure

of output stability. This has an ex-ante value equal toE[y2
i ].

1.3.1 The Information Structure

The information structure is designed to captures the fact that every agent in the

economy is likely to have her own private source of information, alongside a public

one.

All islanders share an improper common prior3 on R over the economy-wide funda-

mental � . On each islandi the agents receive a private signalzi and a public signalZ of

� . This economy also features a third informative signalY, which is the Central Bank's

forward guidance. Based on the empirical evidence presented in Section 1.2, I model

forward guidance as a public signal that reduces disagreement among agents. However,

this signal is not processed homogeneously by everyone in the economy. In order to

capture this heterogeneity, I assume that the signalY reaches only a fraction of islands

 2 [0; 1]. This happens asY might be too technical and not accessible to everyone

(Haldane and McMahon [2018]). All of these signals are conditionally independent,

normally distributed, and centered around the true state of the world� :

zi � N
�

�;
1



�
; Z � N

�
�;

1
�

�
; Y � N

�
�;

1
�

�
: (1.3.4)

(Note: For the rest of the chapter I normalize
 = 1.) The informativeness of each

signal is given by its precision level (
 , � , � ). Given the normality and the conditional

independence of the signals, the agents living on each islandi will form their expectation

(1.3.1) of � as a precision-weighted average of the signals they have received.

3Uninformative prior is without loss of generality, as any information from the prior can be sub-

sumed into the public signal Z
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1.3.2 Equilibrium

In this section I de�ne and characterize the equilibrium of the model. LetSi be the

vector of signals received by islandi . A fraction  of the islands areReceiversand

Si = ( zi ; Z; Y ). The remaining fraction, 1�  , of the islands areNon-Receiversand

Si = ( zi ; Z ). Note that every agent on an island has the same information, that's why

we can label some islands as Receivers, and some others as Non-Receivers

An equilibrium consists of two pricing functions (one for Receivers and one for Non-

Receivers) that maps the signals received on that island into market clearing prices. We

will denote these functionspR(Si ) and pNR (Si ). (Islands of each type are symmetric,

we can therefore assume they use symmetric pricing strategies.) The expectations that

determine the market-clearing prices in islandi (1.3.3) can in general be written

p(Si ) = (1 � � )Ei [� j Si ] + � Ei [p(Sj ) j Si ]: (1.3.5)

(Here the second expectation is overj as well Sj .) Since all the signals are normally

distributed, it is well known that these expectations are linear and that the model has a

unique linear equilibrium. Therefore, the equilibrium pricing functions are described by

sets of weightswR := ( wpvt
R ; wpub

R ; wY
R ), wNR := ( wpvt

NR ; wpub
NR ), where: wpvt

R + wpub
R + wY

R =

1, wpvt
NR + wpub

NR = 1, and

pR(Si ) = wpvt
R zi + wpub

R Z + wY
R Y;

pNR (Si ) = wpvt
NR zi + wpub

NR Z: (1.3.6)

Since the two groups of islanders (Receivers and Non-Receivers) have a di�erent infor-

mation sets, they will weight each signal they have received di�erently. Appendix B

provides derivation and explicit formulas for these equilibrium weights.

In the absence of the strategic motive (� = 0), prices would only be driven by the

expectation over the state of the world (pi = Ei [� ]). In this case only the precision

level of the signals would matter for the equilibrium weights. However, when prices also

depend upon the expectation over the average price in the economy,E[�p], the di�erence

in publicity of the signals is also important. The higher the desire for coordination,

measured by the slope of aggregate supply function� s, the more the degree of publicity

of each signal matters.
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1.3.3 Accessibility, Precision, and Output Stability

Up to this point we have described the model and its equilibrium. We now move on

to analyzing how di�erent levels of precision (� ) and accessibility ( ) of the signal Y

change the Central Bank's optimal communication strategy.

In this model, the Central Bank acts as a benevolent social planner whose goal is

maximizing the e�ciency of the economy. The Central Bank's objective is to keep

output stable by minimizing the output gap. The Central Bank pursues output sta-

bilization by carrying out `Delphic' forward guidance over the state of the world� .

This takes the form of the signalY (1.3.4) with precision � . Recall from Section 1.3

that output stability is given by E[y2
i ]. Furthermore, note that aggregate demand is

yi;D = � D (Ei [� ] � pi ), hence in equilibriumyi / (E [� jI i ] � p(I i )). Therefore Myatt and

Wallace [2014] de�ne the loss function for the Central Bank as follows

L(zi ; Z; Y;  ) = E
�
(E[� jI i ] � p(I i ))

2�
� �;  

�
: (1.3.7)

Some algebraic manipulation can be used to show that this function is independent of

the hidden state of the world.4 Below the loss is expressed as a function of the two

sets of equilibrium weights and the precision levels of the signals.

L(zi ; Z; Y;  ) =  

 
(wpvt

R � 


 + � + � )2



+

(wpub
R � �


 + � + � )2

�
+

(wY
R � �


 + � + � )2

�

!

+ (1 �  )

 
(wpvt

NR � 


 + � )2



+

(wpub
NR � �


 + � )2

�

! (1.3.8)

From (1.3.8) it is clear that in this economy the welfare loss is driven by the di�erence

between the price-setting and the expectation-formation process. Output gaps arise

when prices (linear functions of the signals) di�er from the agents' expectations of the

state of the world (also linear functions of the signals). The more weights the agents

place on the signals in their expectations (wpvt
R ; wpvt

NR , . . . ) di�er from the weights used

when setting the prices ( 


 + � + � ; 


� + 
 ,. . . ), the bigger is the welfare loss. Note that this

is a di�erent scenario from the ones analysed in Angeletos and Pavan [2007], where it

is the public or private nature of the signal released that causes a loss, depending on

the relation between social optimum and equilibrium degree of coordination. In the

4Appendix C gives the derivation of the loss function.
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environment I analyse publicity or privateness of a signal do not cause a loss per se:

ine�ciency is driven by the di�erence in publicity of signals.

Consider the case where the central bank is silent (the economy only has the private

signal zi and the public signal Z ). In this case the prices and expectations di�er,

because the private signal upsets the coordination role of the public signalZ . When

�rms set their prices, they are not only interested in the state of the world� , but also in

the average price �p (1.3.3). The public signalZ is much more relevant than the private

signalzi in terms of forecasting the prices set by other �rms. This opens a gap between

the weights �rms assign toZ during the price-setting and the expectation-formation

process. The di�erence between these two weights is a measure of the overweighting of

the public signalZ . It is this that generates a welfare loss (Morris and Shin [2002b])

When the Central Bank's signal is fully accessible ( = 1), then the following holds:

Proposition 1. For all � , the introduction of the Central Bank's signalY reduces

welfare loss whenever�
 > � .

This Proposition states that when the precision level (� ) of the public source of in-

formation Z is higher than a certain threshold� , a central bank whose signal is fully

accessible should always communicate. By doing this it reduces the welfare loss. This

reduction in loss holds for all precision levels� that the central bank can achieve5.

The intuition for this result is that introducing a fully-accessible Central Bank signal,

Y , produces two welfare-enhancing e�ects. The �rst one is the `Informative' e�ect in

which the presence ofY makes agents better informed. This reduces the loss (the

denominator of the loss function increases). The second one is the `Rebalancing' ef-

fect in which the second public signalY, increases the overall precision of the public

sources of information. When�

 > � this leads to a greater increase in the weight of

public information in the price-setting decision compared to the expectation formation,

reducing the ine�ciency generated by the discrepancy between the two.

Even when information is unambiguously good, once we allow the Central Bank's

signalY to feature di�erent accessibility levels, things become more complex and these

conclusions change. When the accessibility ofY is imperfect, the `informative' e�ect

is weaker. This is because the number of `Receivers' is lower and so the overall ben-
5Jehiel [2014] and Fujiwara and Waki [2020] analyse environments in which this may fail.
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e�cial impact of providing more information is lower. In short there are fewer agents

that are better informed. Secondly, there is a higher order beliefs problem, so the

introduction of Y produces a harmful `misweighting' e�ect that can harm the stability

of the economy. This happens because Receivers will tend to downplay this signal

when setting their prices, as they know that only few other islands have access it. So

in spite of its informativeness, the coordination role ofY is limited. This manifests

itself as a gap between the weights the Receivers assign toY during the price-setting

and the expectation-formation processes. The di�erence between these two weights is

a measure of the `underweighting' of the central bank's signalY. The introduction

of an imperfectly accessible signalY also widens the already existing gap between

the weights the �rms assign to the public signalZ during the price-setting and the

expectation-formation process. This happens because after the release ofY the rela-

tive informativeness ofZ in predicting � falls. The precision-driven weight the receivers

place onZ during the expectation-formation process falls. WhenY's receivers are few

in number, Z 's coordination role remains fundamental. The weight the receivers place

on Z during the price-setting process does not fall at the same rate. As a consequence,

the overweighting of the signalZ increases.

The release of an imperfectly accessible signalY produces therefore a positive `infor-

mative' e�ect and a negative `misweighting' e�ect. The relative strength of the two

e�ects, and consequently the overall impact on welfare of forward guidance, depends

on the number of receivers, that is, accessibility. IfY is well-accessible we have the

following result.

Proposition 2. When �

 > � there exists an accessibility level� , such that for all �

and all  > � , L(zi ; Z ) > L (zi ; Z; Y;  ).

This proposition states that if the precision level of the public source of informationZ

(� ) is higher than a certain threshold� , then a Central Bank whose signal reaches an

audience larger than� should always communicate.In this case the informative e�ect

dominates the misweighting e�ect and by communicating a Central Bank unequivocally

reduces the welfare loss. This is independent of the precision level� that the Central

Bank can achieve. This proposition generalizes the result of Proposition 1 for cases

in which the Central Bank's signalY is almost fully accessible. However, whenY's

accessibility is low, the exact opposite holds. . .
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Proposition 3. When �

 > � , there exists a minimum accessibility level such that,

for all  <  , L(zi ; Z ) < L (zi ; Z; Y;  ), independently of� .6

Proposition 3 states that, when the precision level of the public source of information

Z (� ) is higher than a certain threshold� , a Central Bank whose signal reaches an

audience smaller than should never communicate, as by doing so it increases the

welfare loss. This is independent of the precision level� that the Central Bank can

achieve. This happens as in this low-accessibility region ofY the `misweighting' e�ect

dominates the `informative' e�ect. Notice, in such a scenario, that the policy impli-

cation for a central bank is the exact opposite of the one derived in the case of high

accessibility (Proposition 2): the best strategy is to remain silent, independently of the

precision achievable.

When the accessibility ofY lies between the two thresholds and � it impossible

to state, a priori, whether the `information' or the `misweighting' e�ect prevails. In

this middle-accessibility region,Y 's precision plays a fundamental role. In fact, it is

possible to establish the following result:

Proposition 4. When �

 > � , and  2 ( ; � ), there exists a unique � (� ) such that if

 <  � (� ) , then L(zi ; Z ) < L (zi ; Z; Y;  ), elseL(zi ; Z ) > L (zi ; Z; Y;  ).7

This Proposition highlights the crucial need for a central bank to delve as deep as

possible into the precision-accessibility mapping. In fact, whenY's accessibility lies in

the middle region ( ; � ), this mapping becomes fundamental to understand the welfare

e�ect of Y 's release. As for any possible precision level� a central bank might want to

achieve, there exists a unique accessibility threshold � (� ) such that: if Y 's accessibility

is below this threshold, then the `misweighting' e�ect is stronger than the `informative'

e�ect. In this case, communicating leads to a welfare loss. On the contrary, when

Y's accessibility is above the threshold, the opposite happens: the `informative' e�ect

prevails on the `misweighting' e�ect and communicating is welfare enhancing.

Proposition 5. The accessibility threshold � (� ), which marks the beginning of the

accessibility region in whichL(zi ; Z; Y;  ) < L (zi ; Z ), increases as� increases.

6Mathematical argument in Appendix F
7Mathematical argument in Appendix F
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Moreover, 8 2 (0;  � (� )) , 8� , �L
�� > 0; on the contrary, 8 2 ( � (� ); 1), and 8� ,

�L
�� < 0.8

The �rst part of this Proposition claims that, the higher is the precision a central bank

wants to achieve, the higher its accessibility must be in order to trigger an e�ciency

gain. This result comes from the fact that, the more preciseY is, the more weight the

receivers place on it when setting their expected value over� . Now, recall that, in this

model, the loss is driven by the di�erence between the weights used in the price-setting

and the expectation-formation process. Therefore, ideally, the higher the precision

driven weight the receivers attach onY when setting their expectations over� , the

higher must be the weight they assign to it during the price-setting process. However,

this will happen only if Y has a coordination role:Y must be accessible to large number

of agents. This result poses also an interesting policy dilemma as it shows that precision

and accessibility are indeed complements, while the natural trade-o� highlighted by

the empirical literature goes in the exact opposite direction: more precision implies

less accessibility (Haldane and McMahon [2018]). The second part of Proposition 5

highlights how, in the region below the threshold � (� ) (  2 (0;  � (� ))), increasing

the precision ofY decreases welfare even keeping the accessibility level constant. This

sheds once more light on how, from a policy perspective, it is extremely important

for a central bank to fully learn the accessibility level implied by its communication's

precision. As a mistake in assessing the size of the audience reached, might lead to

consequences that are the exact opposite of the ones desired. It also suggests that there

will often be an interior solution: since optimal precision is increasing with accessibility,

if the technological trade-o� goes in the other direction the central bank will �nd it

optimal to release a signal that is neither universally understandable nor as informative

as the CB could make it.

1.3.4 A Numerical Exercise

In this subsection I perform a numerical exercise: I quantify the ratio of the precision

level of the signalszi and Z , determining therefore the thresholds , and � . I then sim-

ulate the impact on welfare of the release of signalY for di�erent precision-accessibility

8Mathematical argument in Appendix F
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combinations. To calibrate �

 , I combine the data from the Michigan Survey of Con-

sumers presented in Section 2, with data on the 3 Month T-Bill Rate. Recall that,

from the Michigan Survey of Consumers I recover a disagreement index for the general

public. Following the information structure described in Section 3.1, before the intro-

duction of calendar-based forward guidance (third quarter of 2011), disagreement can

be expressed as a function of the precision levels of the private and public sources of

information:

D = (
Z 1

0
(Ei [� ] � �E[� ])2 di) = E

" �



(� + 
 )
(zi � � )

� 2
#

=



(� + 
 )2
: (1.3.9)

Using data on the 3-Month T-Bill Rate and converting 12 months-changes in the rates

in a categorical variable (� 1 when interest rates decrease, 0 when they stay constant,

1 when they increase), I compute the Mean Square Forecast error:

MSFE = E[(Ei [� ] � � )2] =
1

(� + 
 )
: (1.3.10)

Taking the ratio of Disagreement and Mean Square Forecast Error allows us to recover

the ratio between the two precision levels:

D
MSFE

=


�

+ 1: (1.3.11)

Figure 1.3.1 shows the values of the thresholds and the evolution of the Output gap

according to the accessibility ofY for di�erent values of its precision level� and 3

di�erent possible values of the strategic motive� . Note that the threshold  , that

marks the minimum size of the audience a Central Bank should talk to in order not to

increase the welfare loss, consists of a signi�cantly high fraction of the population in all

the three cases reported. According to the �ndings of Haldane et al. [2020] the main

Central Bank communication in the US have a reading grade level roughly equivalent to

a college-level, reaching therefore a mere 10% of the population. This exercise suggests

that, given such a low accessibility level, the FED would, in most of the cases (i.e. for

most values of� ), trigger a welfare loss by carrying out forward guidance.
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