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Abstract

Central banks have used different types of forward guidance. This paper reports cross-

country evidence showing that, in general, forward guidance mutes the response of government

bond yields to macroeconomic news. However, calendar-based guidance with a short horizon

counter-intuitively raises it. Using a stylized model where agents learn from market signals,

it shows that the public release of more precise information about future rates lowers the

informativeness of market signals and, as a consequence, may increase uncertainty and amplify

the reaction of expectations to macroeconomic news.
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1 Introduction

In the aftermath of the global financial crisis, several central banks embarked on an unprecedented

easing of monetary policy. As policy rates approached the effective lower bound (ELB), they had

to resort to unconventional policies. One such tool, which was employed by several central banks,

is forward guidance (FG). With policy rates being constrained, further easing of monetary policy

was attempted by managing expectations about the future course of policy, effectively turning

communication into a central policy tool.

In practice, central banks have used different types of FG. The literature typically identifies

three such types, depending on whether the FG horizon, i.e. the time period over which policy

rates are expected to remain at current levels, has been defined by means of i) a state-contingent

threshold, ii) a calendar date, or has been iii) left open-ended. In addition, some central banks also

provide FG when policy rates are not constrained by the ELB. This type of FG will not be studied

in this paper – it will focus exclusively on FG at the ELB.

By means of their FG, central banks provide not only signals about their likely future actions,

but also more precise information about their reaction function. The information that is conveyed

is typically twofold. On the one hand, FG clarifies that the central bank considers policy rates to

be at, or close to, the ELB. On the other hand, it states that an extended period of loose policy

with no rate hikes is likely to follow.

Effectively, this implies that policy rates will most likely not change for a considerable period

of time, regardless of how the economy evolves: In case of negative news, policy rates cannot go

any lower. In case of positive news, the central bank will likely not raise rates. As a consequence,

market rates should also be less responsive to macroeconomic news Feroli et al. (2017).

However, as shown in this paper, this need not necessarily be the case: By exploiting cross-

country data (on Canada, Germany, Italy, Japan, Sweden, the United Kingdom, and the United

States) the paper shows that, depending on the form of FG adopted, interest rates can also become

more responsive to macroeconomic news in comparison to a no-FG benchmark. In line with the

earlier literature, the paper finds that some forms of FG (which we consider to be “stronger”)

reduce the reaction to macroeconomic news. This is the case, in particular, for time-contingent FG

with a long horizon (above 1.5 years), which mutes the market responsiveness to macroeconomic

news almost completely. State-contingent FG also leads to a reduced responsiveness, but does not

fully eliminate it. This is plausible, because markets should remain responsive to news about the

macroeconomic indicators to which the FG relates (e.g. unemployment in the case of the Federal

Reserve and the Bank of England).1

Open-ended FG, in contrast, retains the original market responsiveness, which can be interpreted

as markets perceiving no change in the reaction function of the central bank. More surprisingly,

time-contingent FG over a short horizon (below or equal to 1.5 years) exhibits a perverse effect, in

1These findings are in line with the evidence provided by Femia et al. (2013) and Detmers (2016) for the United
States.
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that it substantially increases the responsiveness to news.

We furthermore study the effect of FG types on the disagreement among professional forecasters

about the future path of interest rates, and report findings that are broadly consistent with those for

the responsiveness of bond yields. Long-horizon time-contingent and state-contingent FG effectively

reduce disagreement, whereas open-ended and short-horizon time-contingent FG are ineffective in

this regard.2

The second contribution of this paper is theoretical. In order to rationalize the empirical findings,

a stylized model of learning from market signals with endogenous precision is developed. In this

setting, the release of more precise public information about future interest rates can perversely

increase uncertainty and the sensitivity of bond prices to public information. The key ingredient

for generating this effect is learning from market prices.

To understand this, consider a Bayesian model of expectation formation where agents receive

exogenous signals, public and private, about the future realization of policy rates, but where there

is no learning from market signals. This is the typical framework used recently in the context of

the FG debate by, among others, Angeletos and Lian (2018) and Wiederholt (2014). FG can be

interpreted as a decrease in prior uncertainty (unconditional volatility) about future rates, where

the magnitude of this decrease depends on the strength (or type) of FG. In this setting, FG will

unambiguously reduce the responsiveness of expectations to any signal (public or private) and

lead to lower disagreement, independently of its strength. Accordingly, a model with exogenous

signals, as typically adopted in the literature, cannot replicate the findings of increased macro-news

sensitivity under short-horizon time-contingent FG.

In contrast, the introduction of a market signal with endogenous precision can generate a non-

monotonic effect of ex-ante uncertainty on the macro-news sensitivity of bond prices. In the model,

agents receive noisy signals about the state of the economy, one private and one public. The

latter mirrors the flow of macroeconomic news studied in the empirical analysis. In addition,

agents observe a noisy market signal which imperfectly aggregates expectations about the realization

of the payoff on a bond that depends on the policy rate. It is assumed that the central bank

determines the extent to which policy rates co-vary with the state of the economy. In this context,

stronger FG corresponds to a lower dependence of policy rates on fundamentals, resulting in lower

prior uncertainty about policy rates. In the extreme case of “perfect” FG, policy rates and bond

returns are completely detached from economic fluctuations, and thus purely deterministic (no prior

uncertainty).

While strengthening FG thus has a direct effect of reducing the prior uncertainty of agents, it also

exerts an indirect effect: As more public information is made publicly available, there is less to learn

from market prices. This is due to the fact that agents’ expectations become relatively less sensitive

to their private signals as the precision of public information increases. As expectations react less

2Andrade et al. (2019) document a fall in disagreement across professional forecasters at the time of the intro-
duction of time-contingent FG in the United States.
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to private information, the price signal loses some of its informativeness.3 Therefore, ex-post

uncertainty can increase even though FG decreases prior uncertainty. The countervailing indirect

effect is stronger than the direct beneficial effect when prices are a good source of information.

However, if FG is sufficiently strong, the direct effect dominates and the implications are identical

to those obtained from a model without price signals.

The model’s predictions rationalize the empirical findings. Short-horizon time-contingent FG,

i.e. a relatively weak form of FG, only generates a small decrease in prior uncertainty and therefore

makes bond prices more reactive to public signals. On the contrary, strong forms of FG such as

long-horizon time-contingent FG result in a large decrease in prior uncertainty and therefore imply

a lower responsiveness to public news.

The remainder of this paper is organized as follows. The next section provides an overview of

the related literature. Section 3 introduces our empirical approach and the underlying data. Section

4 presents the empirical findings, and section 5 the theoretical model, followed by the Conclusion.

2 Literature Review

This paper connects to a long and growing literature covering several aspects of FG from a the-

oretical and empirical perspective. With regard to theory, FG is an essential ingredient of the

optimal policy commitment at the ELB advocated by Krugman (1998) and Eggertsson and Wood-

ford (2003). Campbell et al. (2012) refer to this type of FG as odyssean, as opposed to delphic,

where the central bank provides a forecast of its future policy rates and stress the conditionality

of the forecast.4 In this paper, this distinction does not matter to the extent that FG announce-

ments lower the covariance of states of the economy with future rates, independently of whether

this guidance relies on a commitment or on a prolonged binding of the ELB.

The seminal work by Morris and Shin (2002) presents a case where a release of public information

can reduce welfare. Angeletos and Pavan (2007) clarify that this arises because of misaligned

incentives between individuals and the social planner in the use of information. In this class

of models, and in contrast to our model, public information unambiguously reduces the ex-post

uncertainty of agents; however, the individual use of such enhanced knowledge is socially inefficient.

The paper closest to our theory is Amador and Weill (2010). They model an economy where

agents learn from prices and where social welfare is inversely related to agents’ ex-post uncertainty.

They show that uncertainty can increase as a consequence of more precise prior information because

public information crowds out the aggregation of private information. The model in the paper at

hand generates the same insight using a much simpler asset pricing model where agents learn from

3Note that learning from prices requires the presence of private signals; public signals are observed by everyone,
so there is nothing further to learn about them from prices.

4Delphic FG remains by far the most relevant case in practice. For a nice overview of the FG debate among
scholars and practitioners see den Haan (2013). Andrade et al. (2019) present a model where agents are confused
about the nature – delphic or odyssean – of public announcements. Jia (2019) develops a model where private agents
use interest-rate decisions of a perfectly informed central bank to learn about the state of the economy.
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market signals. In our setting, the noisy processing of this endogenous signal captures cognitive

limitations or costly information processing, in the vein of a recent literature on rational inattention

(see Vives and Yang, 2017; Mackowiak et al., 2018). Our approach allows us to solve analytically

for a threshold at which the effect of increasing the prior’s precision on agents’ uncertainty changes

its sign. Moreover, in line with the empirical findings, the focus is on the price sensitivity to

public signals, as well as on the disagreement among investors. The international experience on FG

represents a useful laboratory to test the effects of public information releases.

Gaballo (2016) studies the link between FG and rational inattention. He presents a dynamic

model of learning from prices in which the precision of the prior (not only the precision of the market

signals, as in the current paper) is endogenous to the use of information. Public announcements

both induce agents’ information sets to account for a larger share of price volatility and increase

the overall level of price volatility. When the latter effect dominates, agents commit larger – rather

than smaller – forecast errors.

In standard models, anticipated monetary policy can generate very large changes in prices and

activity, a property that has been called the “FG puzzle” (Carlstrom et al., 2015; Del Negro et al.,

2015). In response to this, several recent papers 5 introduce motives for discounting in the Euler

equation to prevent the explosive forward-looking behaviour predicted by standard models in the

absence of monetary stabilization. Other work investigates the role of imperfect information at the

ELB.6 In particular, Wiederholt (2014) argues that FG can be detrimental because it reveals bad

news to otherwise imperfectly informed agents. Angeletos and Lian (2018) show that informational

frictions can solve the “FG puzzle”. The current paper shares the approach of blurring agents’

information, but by introducing market signals with endogenous precision shows that FG can

amplify the news-sensitivity of asset prices.

The empirical evidence on the effectiveness of FG is summarized in Moessner et al. (2017).

While FG is overall judged to be an effective tool, not all results are entirely conclusive. For

instance, the FG employed by the US Federal Reserve has been judged as effective by Campbell

et al. (2012), Moessner (2013, 2015) and Woodford (2013), whereas Filardo and Hofmann (2014)

cast a more cautious tone. That different studies come to different conclusions is not too surprising,

for at least two reasons. First, identification is not trivial, given that central banks often employed

a variety of unconventional tools together with FG. Second, while theory typically assumes that the

central bank commits to a future path of policy rates (Eggertsson and Woodford, 2003), FG was

in practice probably closer to what Campbell et al. (2012) call “delphic”. Such FG has been found

to generate smaller effects (Eggertsson and Woodford, 2006; Adam and Billi, 2006, 2007; Nakov,

2008).

Despite the mixed evidence on its effectiveness, FG is generally considered to be an effective

tool by central bankers and academic economists alike. The survey by Blinder et al. (2017) shows

5For example, Wiederholt (2014); McKay et al. (2016); Gabaix (2016); Angeletos and Lian (2018); Campbell and
Weber (2018); Farhi and Werning (2019).

6For example Kiley (2016); Michelacci and Paciello (2017); Bianchi and Melosi (2017, 2018).
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that more than 70% of central bank governors and more than 85% of academics think that FG

should remain an instrument in the central banks’ toolkit. This broad agreement on the overall

merits of FG between practitioners and academics masks disagreement over the way FG should

be implemented. Time-contingent FG is liked least by both groups. State-contingent FG is the

preferred type among academics by a large margin. In contrast, the favourite type among central

bank heads is open-ended FG. This suggests that more research is warranted into how exactly FG

should be implemented, a question that will be analysed in this paper.

3 Forward Guidance, Macroeconomic News and Disagree-

ment

FG has been implemented in many different ways. This section classifies FG used by central banks

into three types. It then introduces the data and the methodology used to study the effectiveness

of FG.

The first part of the empirical analysis aims to study the causal effect of FG on the responsiveness

of bond yields. However, in the vast majority of cases, FG has been implemented by central banks

that had reached the ELB, or they had reached what they perceived the ELB to be at the time. If

interest rates are at their lower bound, the impact of macroeconomic surprises on bond yields might

well be muted – if only because negative news cannot lead to a further downward move in policy

rates. To separate the effects of the ELB from those stemming from FG, the analysis is restricted

to ELB periods. These are defined as periods where the policy rate is at or below 1%.7 Column

(1) of Table 1 lists the years during which individual countries were at the ELB, i.e. faced policy

rates at or below 1%.

3.1 Forward Guidance Types

Central banks have used different types of FG. These can differ in how they affect the expectations of

agents about the future course of policy, for example by signalling different degrees of commitment,

or by differing in their clarity. We distinguish three types: Open-ended guidance (OG, i.e. purely

qualitative statements about the policy path), time-contingent guidance (TG, i.e. statements about

the policy path with an explicit reference to a calendar date) and state-contingent guidance (SG,

i.e. statements about the policy path that are conditional on economic outcomes). An example of

open-ended (or “purely qualitative”) FG is the ECB’s statement “we expect the key ECB interest

rates to remain at present or lower levels for an extended period of time”, used between July 2013

and January 2016. While such statements on the expected rate path imply less of a risk for the

credibility of the central bank, they might also be less effective because they can easily be interpreted

7The restriction to ELB periods does not change the results, as shown in the Online Appendix. Moreover, results
are robust to re-classifying the years 2003-04 for the United States as not being at the ELB.
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as being vague or not containing any commitment. It can therefore be expected that open-ended

FG has only small effects.

Time-contingent (or “calendar-based”) FG expresses the likely future path of the policy instru-

ment as a function of calendar time. Within this category, different formulations have been used,

varying the degree of commitment. The Bank of Canada, for example, used time-contingent FG

from April 2009 until April 2010, with a relatively strong formulation stating that “conditional on

the inflation outlook, it commits [emphasis added] to hold the current policy rate until the end of

the second quarter of 2010”. In contrast, in its statements between August and December 2011, the

Federal Open Market Committee (FOMC) said “The Committee currently anticipates [emphasis

added] that economic conditions [...] are likely to warrant exceptionally low levels for the federal

funds rate at least through mid-2013”. The US example does not explicitly refer to a commitment,

whereas the Canadian communication explicitly does. (This commitment, however, is not uncon-

ditional). We classify both as time-contingent FG, because there is an explicit reference to a date

before which lift-off of policy rates should not be expected.

State-contingent FG states how the policy path depends on economic conditions. For example, in

its December 2012 statement the FOMC communicated that its low policy rates were “appropriate

at least as long as the unemployment rate remains above 6 1/2 percent, inflation between one and

two years ahead is projected to be no more than a half percentage point above the Committee’s

2 percent longer-run goal, and longer-term inflation expectations continue to be well anchored.”

The advantage of this type of FG is that the expected timing of the lift-off responds endogenously

to new economic developments. At the same time, this type of FG creates a trade-off between

simplicity and accuracy: On the one hand, if the central bank provides a relatively simple state

contingency that is easy to communicate, its message might turn out to be too simplistic in the

end, requiring the bank to deviate from it.8 On the other hand, if the central bank lists a multitude

of indicators to be considered, accurate and intelligible communication of the contingency might

prove impossible, especially if different indicators point in opposite directions.

[Table 1 about here.]

Based on this classification, we collect and classify FG statements from the monetary policy

press releases of six major central banks: the Bank of Canada, the Bank of England, the Bank

of Japan, the ECB, the Swedish Riksbank, and the US Federal Reserve.9 Our data covers all

8It was widely perceived by the public that this was the case for the FOMC, which did not raise interest rates
when the unemployment rate dropped below 6.5% in 2014, but removed the unemployment threshold from its FG.
See, e.g., “Fixing forward guidance” (The Economist, February 13, 2014). However, in this context it is important
to note that the statement “at least as long as” technically is an inequality, meaning the Federal Reserve never ruled
out not to raise rates directly after the threshold breach.

9Besides the six central banks listed in Table 1, FG was used by three further central banks at some point in time
during the past two decades. Hungary followed open-ended FG, and Chile and Poland time-contingent FG. Because
of insufficient expectations data for macroeconomic indicators and lack of high-frequency bond market data, these
will not be considered in the empirical study.
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available statements made during ELB periods until the end of 2016.10 The ECB, for example,

used open-ended FG starting in July 2013. Since March 2016, the ECB’s FG about policy rates has

been explicitly linked to the duration of its asset purchase programme (APP). Because the APP

itself has an explicitly stated expected minimum duration, we classify the ECB’s FG since then as

time-contingent.

Table 1 provides a brief overview of the six central banks in the sample and the different types

of FG used. Three of them followed state-contingent FG (column 2), four open-ended FG (column

3), and four followed time-contingent FG (column 4). The average (remaining) horizon of time-

contingent FG varies considerably across countries (column 5). On the one side of the spectrum are

Canada and the euro area with average horizons of between eight and nine months. On the other

end of the spectrum is the United States with an average horizon of more than two years. Sweden

falls somewhat in-between with an average horizon of slightly more than one year.

[Figure 1 about here.]

Figure 1 plots the remaining guidance horizon of time-contingent FG in the sample. It shows

that the remaining guidance horizon is often subject to revisions, which the figure shows as jumps.

There are two instances where the guidance horizon was shortened – both in Sweden during its first

FG period –, as well as several episodes where the horizon was lengthened, and at times repeatedly

so. Many of these extensions appear to reflect a readjustment in order to keep the remaining

guidance close to a desired horizon. In the United States, for example, the guidance horizon

oscillated around 950 days in 2012 and in Sweden around 400 days during 2013-2015. Furthermore,

the chart reveals that the United States abandoned time-contingent FG long before the end of the

previously announced guidance horizon.

These frequent revisions might affect the credibility and therefore the effectiveness of FG an-

nouncements. A repeated shortening of the FG could imply that agents start expecting further

revisions in the future, and therefore expect the FG horizon to be shorter than what the central

bank announces. More frequently, the observed revisions implied a lengthening of the FG horizon.

This could similarly lead agents to expect FG to be in place longer than announced by the central

bank. Unfortunately, this interesting hypothesis cannot be tested in this paper: due to the limited

number of observations available, the analysis will not differentiate between announcements before

and after a central bank has revised its FG horizon.

Based on the information obtained from the central bank press releases, a binary indicator

variable is generated for each of the three types of FG. The indicators for state-contingent FG,

10Using data after 2016 complicates the analysis because all additional observations of FG are cases where an
asset purchase programme (APP) was in place, which makes identification of FG effects more difficult. Using an
extended sample until 2018 and separating the effect of FG with or without an APP shows that the results reported
in this paper are in line with the results for FG in the absence of an APP. In the presence of an APP, the difference
between long- and short-horizon FG is much smaller, and short-horizon FG no longer raises the responsiveness of
bond yields. These findings are rationalized in an extension of the stylized model by introducing a stochastic supply
of government bonds, i.e. by interpreting asset purchases as the introduction of a common disturbance to the net
supply of the asset. The extended results and the model extension are provided in the Online Appendix.
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time-contingent FG, and open-ended FG are denoted by SGct , TG
c
t , and OGct , respectively. Each

of these variables is equal to one if the respective FG regime is active in country c at time t, and

zero otherwise.

3.2 Data and Methodology

This section describes the key data series, in particular macroeconomic news surprises, bond yields,

and forecaster disagreement. It also discusses the econometric models that will be employed.

3.2.1 Macroeconomic News

The macroeconomic news surprise sc,it at release time t is defined as the difference between actual

and expected values, expressed relative to its standard deviation,

sc,it � sc,i,rt � ac,i,rt � ec,i,rt

σc,i,r
(1)

where ac,i,rt denotes the initially released value of indicator i for country c and release step r, and

ec,i,rt denotes the market expectations at that time. Both are available from Bloomberg. Some

macroeconomic indicators are announced in several pre-scheduled steps r. The release of gross

domestic product (GDP) figures, for example, typically follows a sequence of data releases based

on increasingly comprehensive data. Each of these releases is treated as an announcement event of

macroeconomic indicator i, but is standardized using the release-step specific time-series standard

deviation σc,i,r.11 Surprises are signed so that positive surprises are good news about the economy,

which (via a tighter monetary policy) is likely to imply higher interest rates. For this reason, the

sign of the surprise in the unemployment report is inverted.

The dataset covers nine macroeconomic indicators for which market expectations are available

for most countries in the sample over a long time span. Indicators without a significant asset price

impact in any country during the sample period are excluded.12 The sample consists of business

confidence indices, consumer confidence indices, consumer price indices, GDP growth, industrial

production, non-farm payroll employment (available for the United States only), purchasing man-

ager indices, retail sales, and unemployment rates. Column (1) of Table 2 shows that, on average,

there are about seven indicators per country.

[Table 2 about here.]

11If multiple reference periods are announced simultaneously (e.g. due to delayed reporting after a US government
shutdown), the net surprise is taken over all these reference periods.

12The criterion is the significance of βc,i in the auxiliary regressions yc,it � αc,i � βc,isc,it � εc,it , where yc,it is the
yield change of bonds with a residual maturity of two years. An indicator is excluded if βc,i is not significant at the
5% level for any country. Based on this criterion, the indicators durable goods orders, housing starts and incoming
orders are excluded.
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Euro area sovereign bonds are issued by individual euro area countries. Accordingly, they can

be expected to respond more to domestic macroeconomic news than to euro area aggregates (also

because national statistics are often available first). Two countries are chosen to represent the euro

area, namely Germany and Italy, to reflect the diversity of the euro area and to have a similar

number of news releases for the euro area as for the United States and Japan.

Because of the ELB requirement, the observations for most countries start at or after the year

2009, with the two exceptions Japan (first observation in the year 2000) and United States (first

observation in the year 2003), as shown in columns (3) and (5) of Table 2. The effective sample

is further constrained by the limited availability of data on expectations about macroeconomic

indicators in some countries. For this reason, the sample of macroeconomic news releases covers

the period February 2000 until December 2016. Among all macroeconomic news releases during

ELB periods in the sample, 51% occurred at times when the central bank did not provide FG. Open-

ended FG was in place for 24% of observations, whereas time-contingent FG and state-contingent

FG was in place for to 16% and 9% of observations, respectively.

3.2.2 Bond Yields

The yield changes associated with macroeconomic news releases are calculated from mid quotes

for sovereign bonds, based on indicative bid and ask quotes for benchmark bonds with a residual

maturity of two years from Thomson Reuters Tick History.13 The yield changes are computed

from these minute-by-minute mid-quotes over a two-hour window from 60 minutes before until 60

minutes after the news release.

3.2.3 Forecaster Disagreement

To assess the disagreement among professional forecasters, three-month-ahead forecasts of three-

month interest rates are used, because these are a close proxy for expectations about policy rates.

The data are provided by Consensus Economics. Consensus Economics forecast data are particu-

larly suited for the current analysis, as they are available at a monthly frequency for a sufficiently

long history in a comparable fashion across countries.14

To study disagreement, we follow Ehrmann (2015) and use the interdecile range of forecasts in

a given country and month. The advantage of this measure over the standard deviation is that it

is insensitive to outliers, which can be important in the analysis of survey data.15 The individual

forecaster data for the construction of the disagreement measure covers the same set of countries as

the bond-yield regressions. However, the genuine euro area disagreement measure is used instead

13Two years is the shortest maturity for which homogenous tick data is available for all countries in the sample.
The focus on two-year yields ensures that the FG used in practice relates to a significant fraction of the residual
maturity.

14The data have been used in several other studies, such as Crowe (2010), Dovern et al. (2012), Ehrmann et al.
(2012), Davis and Presno (2014) or Ehrmann (2015).

15Furthermore, using the interdecile range instead of the interquartile range (as in Mankiw et al. (2004) or Dovern
et al. (2012)) potentially incorporates a broader range of views while still being robust to outliers.
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of separate measures for Germany and Italy. The sample period ends in December 2016, in line

with the data for macroeconomic news releases and bond yields. Table 2 shows that this yields a

total of 669 observations.

3.2.4 Methodology

If FG was effective in managing expectations about the future course of monetary policy, fixed-

income markets would generally be less responsive to macroeconomic news. At the same time,

the responsiveness to news might very well depend on the FG specification in place. On the

one hand, some types of FG might be less credible than others, therefore leaving markets relatively

more responsive than under a highly credible FG. On the other hand, state-contingent FG explicitly

conditions the future path of interest rates on economic developments, therefore leaving expectations

about future interest rates responsive to macroeconomic developments. In contrast, under credible

time-contingent FG, bonds maturing during the FG horizon should in principle not respond to

macroeconomic news at all.

To shed light on the effectiveness of the various types of FG, an event-study setup is used,

as applied in similar contexts by Swanson and Williams (2014a), Swanson and Williams (2014b)

and Feroli et al. (2017).16 In the baseline specification, it is examined how the three types of FG

differ in affecting the impact of macroeconomic surprises sc,it on bond yields. The first specification

estimates the overall effect of FG on bond yield changes yc,it :

yc,it � αc,i � αFGFG
c
t � βsc,it � βFGFG

c
t � sc,it � εc,it . (2)

The binary indicator FGct equals unity whenever some form of FG is provided in country c at time

t, and is zero if no FG is provided despite the country being at the ELB. The coefficient β captures

the average impact of a macroeconomic surprise on bond yields outside of FG episodes, while αFG

captures possible bond market trends specific to the FG period. The coefficient of primary interest

is βFG, which captures the differential effect of FG.

Subsequently, this specification is expanded to allow for different types of FG:

yc,it � αc,i �Θc
t � βsc,it � Ξcts

c,i
t � εc,it , (3)

with

Θc
t � αSGSG

c
t � αOGOG

c
t � αTGTG

c
t (4)

and

Ξct � βSGSG
c
t � βOGOG

c
t � βTGTG

c
t . (5)

Here the interest rests on βSG, βOG and βTG in equation (5), which are the coefficients on the

16Swanson and Williams show that interest rates become less responsive to macroeconomic news when rates are
constrained by the ELB. Feroli et al. (2017) apply this methodology to study the Federal Reserves’ FG experience.
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binary indicators for state-contingent, open-ended, and time-contingent FG, denoted by SGct , OG
c
t ,

and TGct , respectively.

In addition, we test whether the horizon of time-contingent FG relative to the maturity of the

bond is important. For bonds with two years to maturity we define the time-to-maturity coverage

ratio as gct � minp g̃ct
365�2 , 1q, where g̃ct is the residual horizon of the time-contingent FG in country

c at time t, measured in calendar days. This leads to our third specification, which replaces the

term for Θc
t in equation (3) by

Θc
t � αSGSG

c
t � αOGOG

c
t � pαTG � ρgct � ρ2pgct q2qTGct (6)

and the term for Ξct by

Ξct � βSGSG
c
t � βOGOG

c
t � pβTG � γgct � γ2pgct q2qTGct . (7)

If the guidance horizon covers the entire time to maturity, then βTG�γ�γ2 measures the reduction

of the asset price impact β.

Finally, two ranges of time-contingent FG horizons are distinguished: a long (residual) horizon

more than 550 days (1.5 years), and a short horizon of up to 550 days, captured by the indicator

variables LTGct and STGct , respectively.17 Using these definitions, equations are replaced (4) and

(5) by

Θc
t � αSGSG

c
t � αOGOG

c
t � αSTGSTG

c
t � αLTGLTG

c
t (8)

and

Ξct � βSGSG
c
t � βOGOG

c
t � βSTGSTG

c
t � βLTGLTG

c
t . (9)

Another way to test the effectiveness of FG in managing expectations is to study its impact on

forecaster disagreement. Andrade et al. (2019) have shown that under FG, forecaster disagreement

about future interest rates is reduced, although disagreement about the future macroeconomic

outlook has increased. Their analysis is extended to see whether these effects differ depending on

the type of FG. For this purpose, the following model is estimated:

Ωct � αc � αt � αFGFG
c
t � εct , (10)

where Ωct is the interdecile range of three-month-ahead forecasts of three-month interest rates in

country c, as provided in the Consensus Economics forecast conducted in month t. αc and αt denote

country and time fixed effects, respectively. As mentioned previously, the sample is restricted to

17This cut-off implies that long-horizon FG covers at least three-quarters of the residual maturity of the bonds.
As evident from Figure 1, Sweden and the United States are the only countries that had long-horizon FG in place
according to our definition, with the bulk of observations coming from the United States. In this sense, βLTG
compares long-horizon time-contingent FG in the United States with FG in other countries. Given the still small
set of countries with FG and the even fewer switches between FG types within a given country, it is not possible to
fully disentangle country from FG-type effects at this time.
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ELB periods. αFG is the parameter of interest, as it informs us how disagreement under FG

compares to periods without FG. One would expect αFG   0.

This regression model is extended in an analogous way to the one for bond yields by i) differ-

entiating the different types of FG, and ii) subsequently differentiating between long-horizon and

short-horizon time-contingent FG, leading to the final specification

Ωct � αc � αt �Θc
t � εct , (11)

with Θc
t given by equations (4) and (8), respectively.

3.3 Endogeneity Concerns

A key assumption underlying the analysis is that the type of FG in place is exogenous to the

economic environment. Table 3 presents results from three different tests to verify the validity of

this assumption.

[Table 3 about here.]

Column (1) compares the average magnitude (absolute values) of macroeconomic surprises across

the different FG regimes. Their magnitudes are similar, but during periods of state-contingent FG

absolute surprises were significantly larger than during periods of open-ended FG. Among the

remaining five regime-pairs only the difference between open-ended FG and short-horizon time-

contingent FG is marginally significant. This suggests that there is no structural difference in

the magnitude of news surprises between open-ended FG, short-horizon time-contingent FG and

long-horizon time-contingent FG.

The regression results in column (2) show how forecaster disagreement about one-year ahead

GDP growth (following equation (11), with disagreement measured by the interdecile range) differs

from a benchmark of no FG, and across the different FG types. Disagreement under state-contingent

FG and under short-horizon time-contingent FG is smaller than in the absence of FG, but the

difference in disagreement across any of the FG types is not statistically significant, again with the

exception of a marginally significant difference between open-ended FG and short-horizon time-

contingent FG.

Finally, column (3) provides tests whether the tone of central bank statements differs across

FG types. In particular, we are interested in whether they refer to the concept of uncertainty

more or less often. To do so, we retrieve the text of all monetary policy press releases of the

central banks in the sample, and count the number of times words with the stem “uncertain” are

mentioned. This number is then put in relation to the total word count of the respective press

release, and the resulting ratio is regressed on country fixed effects and dummy variables for each

FG regime. Uncertainty is mentioned more often under state-dependent FG than in the absence of

FG or under any other type of FG, and somewhat less often under open-ended FG and long-horizon
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time-contingent FG than in the absence of FG. However, there are no differences across open-ended,

long-horizon or short-horizon time-contingent FG.

In sum, we are reasonably confident that the results of this paper, and in particular the core

results which relate to the different effects of long-horizon and short-horizon time-contingent FG,

are not driven by differences in the economic environment.

4 The Effects of Different Forward Guidance Types

This section analyzes how the effects of FG depend on the specification of FG. It first studies

the responsiveness of bond yields to macroeconomic surprises, and then the disagreement among

economic forecasters.

4.1 The News-sensitivity of Bond Yields

Table 4 reports the net surprise impact of macroeconomic announcements based on the coefficient

estimates of the regression models introduced in section 3.2.4. Driscoll and Kraay (1998) standard

errors are reported in parentheses. The first result is the sobering observation that FG overall

did not change the impact of a macroeconomic news surprise. This is documented in column (1),

which reports the estimates for β and βFG in the baseline regression (2). The bold print for βFG

indicates that the coefficient sum β � βFG is statistically significant at the 1% level. The selected

macroeconomic indicators significantly affect bond prices, but the incremental effect of βFG is not

statistically significant.

[Table 4 about here.]

Distinguishing the three different types of FG in a regression based on equations (3)-(5) allows

us to provide a more nuanced perspective in column (2). Open-ended FG has no effect, as βOG

is not statistically different from zero. As expected, state-contingent FG reduces the asset price

response significantly, with the sensitivity decreasing by more than three quarters. As the policy

path is contingent on macroeconomic indicators, bond prices remain somewhat sensitive to news,

but now to a lower (insignificant) degree. Macroeconomic indicators not conditioned on may remain

relevant as predictors of the conditioning variable, too, but their relevance decreases and with it the

market response to innovations in them (see also Detmers, 2016). Time-contingent FG, in contrast,

appears to amplify the response of bond yields to macroeconomic news. This begs the question:

“How can bond prices become more sensitive to news in presence of guidance that should mute this

link?”

As a step towards resolving this puzzle, we allow the effect to vary with the residual FG horizon

following equation (7). The estimates in column (3) for γ and γ2 suggest that responsiveness is non-

linear in the guidance horizon. The responsiveness (of bonds with two years to maturity) increases
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up to a guidance horizon of about 12 months. For longer guidance horizons the responsiveness

declines, until it is fully muted under a guidance of about two years.

Finally, column (4) of Table 4 shows the results when subdividing time-contingent FG into

short- and long-horizon guidance. There is a marked difference. Long-horizon guidance is very

effective in muting the asset price response to macroeconomic news, with the coefficient decreasing

by around three quarters. In contrast, short-horizon guidance is not only ineffective, but even yields

a counterintuitive increase in the bond price reaction.

In summary, the four types of FG differ systematically in their effectiveness. Long-horizon time-

contingent FG largely mutes the market responsiveness to macroeconomic news, while short-horizon

time-contingent FG is not only ineffective, but even amplifies the responsiveness. State-contingent

FG is effective in limiting bond price responses, while open-ended FG essentially has no effect.

Overall, this suggests that time-contingent FG with long horizons has been sufficiently credible to

shift market perceptions about the central bank’s reaction function, a finding that is in line with the

evidence provided by Femia et al. (2013) for the United States. State-dependency appears to have

been similarly effective. Open-ended FG, in contrast, retains the original market responsiveness,

which can be interpreted as markets perceiving this FG to be delphic (i.e., the regular central bank

reaction applies). Finally, the increased market responsiveness under short-horizon time-contingent

FG is puzzling: the central bank announces that it will keep short-term rates stable for a while, yet

interest rates become more responsive to incoming news about the economy. Section 5 presents a

theoretical model that rationalizes this finding.

4.2 Forecaster Disagreement

Next, we study the effects of FG on forecaster disagreement. Column (1) of Table 5 replicates the

results of Andrade et al. (2019): in the presence of FG, there is less disagreement across professional

forecasters about the future path of interest rates. While only marginally significant, the impact

is estimated to be economically important. The bottom row of the table reports the average

disagreement that prevails in the sample in the absence of FG, denoted by Ω�. The estimate of Ω�

of 0.226 is the reference point for the following results. Under FG, this disagreement is reduced by

nearly 30%. While this is sizeable, it also implies that professional forecasters still have different

views about the future path of interest rates.

[Table 5 about here.]

Splitting up the various types of FG in column (2), it is apparent that the statistical significance

does not stem from open-ended FG. Splitting time-contingent FG into short-horizon and long-

horizon guidance (column (3)) as done in the previous analysis for the responsiveness of bond

yields to macroeconomic news, it is found that long-horizon time-contingent FG effectively cuts the

disagreement by half: the average disagreement in the absence of FG of 0.226 is reduced by 0.116.

In line with the earlier results on the responsiveness of bond yields, it is found that state-contingent
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FG has a substantial, but somewhat smaller effect on disagreement across forecasters – it is reduced

by around one third. Finally, open-ended FG and time-contingent FG over a short horizon are found

to be ineffective, in the sense that they do not affect disagreement in any meaningful manner: the

estimated coefficients are not statistically significant.

To summarise, the empirical findings show that FG can reduce the responsiveness of bond yields

to macroeconomic news and the disagreement across forecasters. However, there are certain types

of FG where this is not the case, namely open-ended FG and time-contingent FG over a short

horizon.

5 A Model of Learning from Market Signals

In our empirical analysis, we have provided evidence that FG can be effective in managing expec-

tations about the future path of policy. However, we have also identified cases where FG does

not lead to the intended effect, failing to reduce disagreement across professional forecasters, and

counterintuitively raising the responsiveness of yields to macroeconomic news. In this section, we

develop a model that rationalizes this pattern as the consequence of a market externality in infor-

mation aggregation. The model is stylized. It is not designed for quantitative analysis, but as a

proof-of-concept device meant to organize ideas..

We present a static asset pricing model where agents trade a bond with a payoff that is related

to the state of the economy. While this payoff is unknown to agents at the time of trading, they

receive a noisy private signal as well as a noisy public signal about the state of the economy, and

also imperfectly observe market prices. We assume that the central bank determines the extent to

which the bond payoff co-varies with the state of the economy. More specifically, we interpret FG

as generating a lower pass-through of fundamentals to bond payoffs.

We abstract from issues concerning credibility and time-inconsistency. Instead, our focus is on

how the central bank affects the way agents form expectations through altering the reaction of

returns to fundamentals. Intuitively, FG announcements reduce ex-ante uncertainty because the

asset payoff fluctuates less with the state of the economy. More precisely, it is less likely that rates

will go down in response to news of a bad state as a FG announcement signals that the ELB is

close; it is less likely that rates will go up in response to news of an improved outlook as the FG

announcement indicates that rates will be low for some time.

Thus, in principle, FG announcements should reduce the usefulness of private and public in-

formation for predicting returns and lead to a lower news-sensitivity of asset prices and lower

disagreement. We show that this is indeed always the case when agents do not learn from market

signals. However, this is at odds with the empirical evidence above.

These insights change when adding market signals with endogenous precision. Such signals

introduce an externality which generates a second, countervailing effect. As before, FG announce-

ments decrease ex-ante uncertainty, so that expectations tend to react less to exogenous signals.
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But this implies that the market price aggregates less information and becomes less informative.

This loss of information in turn makes agents re-attribute weight from market signals to exogenous

signals, exacerbating the response to macroeconomic news. This additional effect dominates when

the weight on market signals is sufficiently high to start with.

As a result, a moderate strengthening of FG can lead to an increase, rather than a decrease,

of uncertainty about future rates, which exacerbates the news-sensitivity of bond prices. For a

sufficiently strong implementation of FG, however, the loss of information from market signals

is more than compensated by the decrease in ex-ante uncertainty, so that one always obtains a

decrease in sensitivity to news. We derive an analytical expression for the threshold at which the

marginal effect of strengthening FG changes sign.

5.1 Setup

Financial market. There is a continuum of agents with mass one, indexed by i P p0, 1q. They

can invest in bonds with a stochastic final payoff θ̃ � N
�
θ̄, τ�1

θ

�
, where τθ denotes the precision of

θ̃. Agent i solves the optimization problem

max
Qi

��
E
�
θ̃|Ωi

�
� P

	
Qi � 1

2
Q2
i

�

where E r�|Ωis is the expectations operator conditional on the information set of agent i, Qi is

her investment in the treasury bond, Q2
i {2 represents a quadratic transaction cost, and P denotes

the bond price. We assume a fixed supply of treasury bonds so that market clearing implies³
i
Qidi � κ̄.18 The optimal individual demand is

Qi � E
�
θ̃|Ωi

�
� P,

which, combined with market clearing, gives the equilibrium price

p �
»
E rθ|Ωis di,

where, p � P � θ̄� κ̄ and θ � θ̃� θ̄. As usual, the bond price increases in the expected payoff and

decreases in the net supply. Thus, the market price fully reveals the aggregate expectation.

Central Bank. The macroeconomic state π̃, which is related to the central bank’s mandate,

follows the distribution π̃ � N
�
π̄, τ�1

π

�
. The surprise component is therefore π � π̃ � π̄. We will

refer to the inverse of the precision τπ as the ex-ante uncertainty on the state of the economy. The

central bank observes π and sets the bond payoff (i.e. the policy rate) θ according to the rule

θ � απ, (12)

18The case with stochastic supply is explored in the Online Appendix.
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where α ¥ 0. The parameter α represents the systematic component of monetary policy and is

publicly announced. For instance, the central bank might typically set policy rates according to a

Taylor rule, with a Taylor rule coefficient αTR. Under FG, it sets 0 ¤ α   αTR, i.e. it reduces

its rate response as the state of the economy changes. This diminished reaction can arise as a

consequence of two factors emerging during a liquidity trap. First, the perceived costs of going

below the ELB make rate cuts in response to a further worsening of the outlook less likely. Second,

a desire to create a more accommodative policy stance introduces inertia in the timing of a future

rate lift-off.

Information. By varying α, the central bank also affects the ex-ante uncertainty that agents

have about θ. In fact, the prior distribution of θ is given by

θ � N
�
0, α2τ�1

π

�
. (13)

We interpret announcements of a lower α as stronger forms of FG, as they make rates less dependent

on fundamentals. Note that stronger (weaker) forms of FG imply lower (higher) volatility on policy

rates because τθ � α�2τπ.

In contrast to the central bank, the public only observes a noisy signal of π, which is given by

y � π � ε, (14)

with ε � N
�
0, τ�1

ε

�
. This signal can be viewed as the surprise component of a macroeconomic

news release. Besides this public signal, each agent observes a private signal

si � π � ηi, (15)

where ηi � N
�
0, τ�1

η

�
is i.i.d. across agents. Taken together, (13)-(15) constitute the exogenous

component of agents’ information sets, the precision of which is independent of equilibrium relations.

In addition, agents observe endogenous signals, i.e signals the precision of which depends on

equilibrium relations. More specifically, we assume that agents’ receive market signals of the form

xi � p� ξi �
»
E rθ|Ωis di� ξi, (16)

where ξi � N
�

0, τ�1
ξ

	
is i.i.d. across agents. This signal provides information about the aggregate

expectation, but is subject to an individual-specific noise component. The presence of ξi prevents

market prices from fully revealing θ. Without such a noise, the model would exhibit the well-known

Milgrom and Stokey (1982) no-trade result. It can be interpreted in several ways. For example,

agents may interpret the same market evidence differently because they rely on different market

indexes. Alternatively, they may suffer from cognitive limitations in processing information. This
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second interpretation is in the spirit of a growing body of literature on rational inattention.19

Finally, we assume that all stochastic variables π, ε, ηi and ξi are mutually independent. Their

probability distributions and corresponding moments are public knowledge.

5.2 Equilibrium

To solve for the equilibrium, we analyse how agents form expectations about the policy rate θ.

There are three sources of information, hence agent i forms her expectation according to the linear

rule

E rθ|Ωis � aαsi � bαy � cxi, (17)

where a, b, and c are equilibrium weights. Aggregating across agents and substituting the various

signals yields »
E rθ|Ωis di � a

1� c
απ � b

1� c
α pπ � εq , (18)

which can be substituted into equation (16) to obtain

xi � aα

1� c
π � bα

1� c
ylooooooooomooooooooon

�p

�ξi. (19)

The market price is spanned by the realisation of the fundamental and the public information, and

the market signal is a noisy private observation of the market price. Because y is publicly observed,

the informational content of the market price c can equivalently be represented by x̂i � xi � bα
1�cy.

The precision of this signal about θ, which we denote by τ , is given by

τ � a2

p1� cq2 τξ. (20)

This expression highlights the dependence of the informational content of the market signal on both

a and c. The coefficient a stems from the aggregation of private information in market prices. The

stronger agents’ expectations respond to private signals, the more information gets incorporated

into market signals. In contrast, c captures a complementarity between the reaction to market

signals and their precision. As agents react more to market signals, their informational content gets

amplified. The latter effect represents an externality. As agents move weights from endogenous to

exogenous signals, they do not internalise the weakening of the informativeness of market prices

that can result in a net loss of information.

Before proceeding to the equilibrium analysis let us define the news-sensitivity of bond prices

19For a recent survey see Mackowiak et al. (2018). See also Vives and Yang (2017) for a similar approach based
on a behavioural model of expectation formation.
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to public information. From equation (18), this is given by

φ � bα

1� c
.

Note that this also represents the sensitivity of the average expectation to public information.

The optimal weights a, b and c that characterize the rational expectation equilibrium are such

that agents’ forecast errors are orthogonal to their signals. They are stated in the following propo-

sition, the proof of which is contained in the Appendix.

Proposition 1. In equilibrium, we have

a pcq � τη
1

1�cτη � τε � τπ
, (21)

b pcq � p1� cqτε
1

1�cτη � τε � τπ
, (22)

where c is a real root of the fixed-point equation

1
1�cτη�

1
1�cτη � τε � τπ

	2α
2 � c

τξ
� 0. (23)

Moreover, the news-sensitivity of bond prices is given by

φ � ατε
1

1�cτη � τε � τπ
. (24)

The fixed-point equation (23) pins down the equilibrium value of c. While there is no closed-form

solution, one can prove the following (see the Appendix).

Proposition 2. In equilibrium, c P p0, 1q; in particular cÑ 0� as αÑ 0� or τη Ñ 0�. Moreover,

for
τη

τε � τπ
¡ 1

8
, (25)

the equilibrium is unique for any τξ ¡ 0 and α ¡ 0. Otherwise, there exists a compact set of values

for α for which three equilibria exist.

The intuition for why c approaches zero as α declines towards zero is straightforward. A de-

crease in α reduces the uncertainty on the asset payoff, and thus the usefulness of any information.

In particular, for α � 0, any information is useless. As α marginally increases above zero, the

sensitivity to any signal must increase.

Explaining why c Ñ 0� as τη Ñ 0� is slightly more subtle. Notice that the price signal is

informative about the aggregate expectation, but not about θ directly. Therefore, as the private

signal becomes uninformative, the only informative signal is the public one. Hence, the market
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signal can only be a noisy version of that public signal, and thus becomes redundant. In this case,

a regression of bond payoffs on public information becomes colinear.

5.3 The Case of No Market Signals

In this subsection, we briefly study the case where market signals are absent. This corresponds to

τξ Ñ 0, i.e. to a situation in which agents are cognitively incapable of inferring anything about

bond payoffs from prices. We will show that our two empirical findings established in the previous

section cannot be rationalized in a typical Bayesian model of expectation formation in the absence

of market signals.

Notice that the optimal weights that agents attach to the private and the public exogenous

signals in Proposition 1 are expressed as a function of the weight on the market signal c. This is

particularly convenient because the case τξ Ñ 0 is equivalent to a setting with no market signals,

i.e. c � 0.

From (21) and (22), we deduce that ap0q and bp0q are equal to the precision of public and private

signals, respectively, divided by the total precision (i.e. the sum of the precisions of the prior τπ, of

the public signals τε and of the private signals τη). In particular, note that Erπ|si, ys � ap0qsi�bp0qy
is the conditional expectation about π given si and y and that Erθ|si, ys � αErπ|si, ys. Moreover,

equation (24) directly implies the following.

Corollary 3. In the absence of informative market signals (for τξ Ñ 0 or c � 0), φ is strictly

increasing in α.

This result establishes an important benchmark in which agents do not observe any price signal

and can only access information with exogenous precision. In this case, stronger FG (lower α) always

dampens the sensitivity of prices (and expectations) to public information. We have thus established

that, in the absence of endogenous market signals, a standard model of Bayesian updating cannot

replicate our empirical finding that short-term FG leads to an increase in the news-sensitivity of

bond yields.

5.4 The Case with Market Signals

We now return to the full model with market signals. While it is not possible to obtain a closed-form

solution for the equilibrium coefficients, it is still possible to make additional statements about the

evolution of φ. More specifically, in the Appendix we prove the following result.

Proposition 4. φ is a non-monotonic function of α. In particular, it achieves a maximum at

c � 1{2 which corresponds to

α� �
c
τη
τξ
� 1

2

τε � τπ?
τητξ

,

independently of the number of equilibria.
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The proposition states that the bond price sensitivity to public information is decreasing in α

for α ¡ α�. The range of values of α, for which the sensitivity φpαq counterintuitively decreases,

grows larger as the market signal becomes less distorted by private noise, i.e. as τξ grows large.

Intuitively, a decrease in α implies lower ex-ante uncertainty about the bond payoff θ. This

should normally decrease agents’ reliance on other sources of information, including public ones.

However, when agents react less to private signals, market signals become less informative as less

information is aggregated in prices. It is exactly when market signals are powerful aggregators of

information – i.e. when τξ large – that this second effect can dominate and agents can become

overall more (rather than less) uncertain about θ.

[Figure 2 about here.]

To gain some intuition of the mechanism at work, it is instructive to look at Figure 2, which is

based on a parameter combination that yields a unique equilibrium. In the upper row, we plot a,

the agent’s weight on her normalized private signal αsi, and c, the weight on her endogenous price

signal. In the bottom-left panel, we plot the precision of the market signal τ as a solid line, which

– as shown in equation (20) – depends on the ratio a{p1� cq.
Panel (b) highlights that c is increasing in α, reflecting that agents are increasing the weight

on the price signal. This means that more private information is effectively shared across agents

through prices. In contrast, a is decreasing in α because private signals are becoming more noisy

and thus less useful in making inference. Accordingly, the shape of τ depends on the net effect of

these two forces. Panel (c) reveals that the learning externality always dominates. The precision

of the market signal (solid line) always increases in α.

As α grows large, the weight c converges to one, because then all other sources of information

become useless.20 Panel (c) illustrates this by showing for comparison the precision of the private

signal α�2τη as dashed line and the overall precision of public information, i.e. the prior precision

plus the precision of the public signal α�2pτπ�τεq, as dotted line. Both curves are strictly decreasing

in α and tend to zero as α grows large.21 Thus, the key feature generating non-monotonicity of

φ in our model is the ability of market signals to aggregate information and retain some precision

irrespectively of the level of α.

Panel (d) of Figure 2 plots φ as a function of α. To gain some further intuition, first note that

φ is equal to zero for α � 0. This is intuitive: there is no ex-ante uncertainty about θ, and thus

no further information to be extracted from any signal. Moreover, notice that φ converges to zero

as α grows very large because the public signal becomes less and less informative.22 This second

effect depends exclusively on the presence of the market signal. In fact, as α increases, all sources

of information except the market signal become completely uninformative in the limit. Therefore,

the weights allocated to them when making inference converge to zero. However, for intermediate

20Formally we have limαÑ8 τ � τξ from (21) and the fact that limαÑ8 c � 1.
21Notice that at α� the market signal has exactly the same precision as the private signal.
22This can be seen formally by noting that (23) implies φ2 � cp1 � cq{τξ which goes to zero as c goes to one.
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ranges of α the reaction coefficient φ must be different from zero because away from extreme values

exogenous signals are useful sources of information.

[Figure 3 about here.]

Figure 3 illustrates the role of market signals with endogenous precision for generating our

results. Panel (a) plots the price-sensitivity to public information, φ, as a function of α for four

values of τξ. As the market signal becomes less informative (lower values of τξ), φ converges in the

limit to a linearly increasing function, in line with Corollary 3. It is only in this limiting case that

FG announcements always lead to a lower news-sensitivity of bond prices. The two other panels

plot ex-post uncertainty and disagreement, i.e. the dispersion of individual beliefs. Uncertainty is

defined as the posterior variance

Uncertainty � V arpθ|xi, si, yq � α2

1
1�cτη � τε � τπ

, (26)

where 1
1�cτη � τε captures the joint precision of private signals and price signals. Disagreement is

defined as

Disagreement � V arpErθ|xi, si, ys �
»
Erθ|xi, si, ysdiq � a2α2τ�1

η � c2τ�1
ξ . (27)

The first term of this sum measures the dispersion in beliefs generated by the idiosyncratic noise

in private signals, and the second term captures the one from idiosyncratic noise in price signals.

We see in the middle panel of Figure 3 that the pattern for uncertainty qualitatively follows the

one for φ, which is natural as both are at least in part linked to how agents trade off the weights

they allocate to various signals. In contrast, the bottom panel shows that disagreement is always

monotonically increasing is α. This stems from the different behavior of the two components of

disagreement. The first term a2α2τ�1
η is non-monotonic with a peak at α�, whereas the second term

c2τ�1
ξ is always increasing in α. Although disagreement is monotonic in α, under certain parameter

conditions small changes in FG can lead to large changes in disagreement, which is highlighted by

Figure 3. This is consistent with the findings in Section 4 that disagreement never increases, even

for weak FG, and that only strong FG has a significant effect on forecaster disagreement.

6 Conclusion

Intuitively, one would expect FG to reduce uncertainty about the future path of interest rates.

However, this paper shows that this crucially depends on the type of guidance adopted. It studies

the impact of different types of FG on the responsiveness of bond yields to macroeconomic news,

and on forecaster disagreement about the future path of interest rates. Time-contingent FG over

long horizons eliminates both the asset price response to incoming news and substantially reduces
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disagreement across forecasters. State-contingent FG works in the same direction, but preserves

some responsiveness and disagreement, because future policy continues to depend on a subset of

macroeconomic information. In contrast, time-contingent FG over short horizons counterintuitively

increases the news-sensitivity of bond yields and is ineffective in reducing forecaster disagreement.

Finally, open-ended FG is largely ineffective.

A rational expectations model with noisy market information can explain these findings. In

particular, public information by the central bank can hamper the aggregation of private informa-

tion in prices. Thus, when the market is an important source of information, FG can increase,

instead of decrease, uncertainty and can amplify, instead of reduce, the reaction of expectations to

macroeconomic news.
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Figure 1: Remaining guidance horizon of time-contingent forward guidance
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Figure 2: Optimal weights, precision, and news-sensitivity as function of α
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Notes: This figure illustrates how key elements of the model vary with the strength of forward guidance measured

by α. The parameters are set to τη � 0.4, τε � τπ � τξ � 1. This implies that the sensitivity of bond prices to

public information is highest at α� � 2.2, which is marked by the dashed vertical lines. Panel (a) plots the weight

on the normalized private signal αsi, and panel (b) the weight on the endogenous price signal. Panel (c) shows the

precision of the price signal as solid line, of the private signal as dashed line, and of public information as dotted

line. Panel (d) shows the sensitivity of bond prices to public information.
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Figure 3: The importance of market signals
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Notes: This figure illustrates how the presence of a market signal affects the news-sensitivity of asset prices, uncer-

tainty, and disagreement. Panel (a) shows the news-sensitivity, given by equation (24). Panel (b) shows the ex-post

uncertainty, given by equation (26), and panel (c) disagreement, given by equation (27). All three are plotted as

functions of α for four different precision levels τξ. The other parameters are set to τη � 0.4 and τε � τπ � 1.
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Table 2: Summary statistics

(1) (2) (3) (4) (5)
Dependent variable Bond Yield Disagreement

macro obs. first obs. first
indicators at ELB obs. at ELB obs.
(count) (count) (year) (count) (year)

Canada 6 406 2009 95 2009

Euro area
Germany 8 583 2009

83 2009
Italy 8 654 2009

Japan 8 1023 2000 216 1999
Sweden 8 487 2009 70 2009

UK 7 664 2009 95 2009
USA 9 1102 2003 110 2003

Total 4919 669

Notes: Column (1) reports the number of macroeconomic indicators in each country used in the bond-yield regressions
(2)-(9). Columns (2) and (3) report the number of observations during the effective lower bound (ELB) sample
period and the year of the first observation in these regressions. Analogously, columns (4) and (5) report the number
of observations during the ELB sample period and the year of the first observation underlying the disagreement
regressions (10) and (11). Both samples end on 31 December 2016.
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Table 3: Differences in the economic environment across forward guidance regimes

(1) (2) (3)
Mean Absolute Forecaster Mentions of

Surprise Disagreement “uncertain”

State-contingent FG 0.809��� �0.136�� 0.069���

(SG) (0.034) (0.057) (0.014)
Open-ended FG 0.700��� �0.011 �0.032���

(OG) (0.018) (0.082) (0.007)
Short-horizon time- 0.758��� �0.117� �0.008
contingent FG (STG) (0.023) (0.069) (0.030)
Long-horizon time- 0.713��� �0.068 �0.057��

contingent FG (LTG) (0.048) (0.077) (0.023)

Difference between FG types (p-values)
SG vs. OG 0.00 0.14 0.00
SG vs. STG 0.21 0.81 0.02
SG vs. LTG 0.10 0.49 0.00
OG vs. STG 0.05 0.06 0.42
OG vs. LTG 0.81 0.48 0.22
STG vs. LTG 0.40 0.61 0.18

Notes: The upper part of column (1) of this table reports the mean absolute macroeconomic surprises and their
standard errors (in parentheses) for different FG regimes. Column (2) reports differences in forecaster disagreement
about one-year-ahead GDP growth across Consensus Economics forecasters relative to the no-FG case. Column (3)
reports differences in the frequency with which central bank press releases refer to uncertainty relative to the no-FG
case. For all columns, the lower part tests for differences across FG types. Asterisks indicate the level of significance,
(*) at the 10%, (**) at the 5%, and (***) at the 1% level.
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Table 4: The responsiveness of yields to macroeconomic surprises

(1) (2) (3) (4)

No FG (β) 0.443��� 0.443��� 0.443��� 0.443���

(0.097) (0.097) (0.097) (0.097)
FG (βFG) 0.042

(0.116)

SG (βSG) -0.340��� -0.341��� -0.342���

(0.108) (0.108) (0.108)
OG (βOG) 0.049 0.047 0.047

(0.141) (0.141) (0.141)
TG (βTG) 0.304�� -0.383

(0.153) (0.632)

g (γ) 3.624�

(2.091)
g2 (γ2) -3.607��

(1.556)
STG (βSTG) 0.496���

(0.189)
LTG (βLTG) -0.317��

(0.131)

# observations 4919 4919 4919 4919
within-R2 0.02 0.03 0.03 0.03

Notes: This table shows how the responsiveness of bond yields to macroeconomic surprises depends on the type of
forward guidance (FG) in place. The dependent variable is the 120-minute window change in two-year sovereign
bond yields in basis points. Column (1) reports the results for the fixed effects specification (2). Column (2) uses the
specification given by equations (3), (4) and (5). Column (3) combines (3) with (6) and (7), and column (4) combines
(3) with (8) and (9). Country-indicator fixed effects and FG fixed effects not reported. SG denotes state-contingent
FG, OG open-ended FG, TG time-contingent FG, STG time-contingent FG with a remaining guidance horizon of up
to 1.5 years, and LTG time-contingent FG with a remaining horizon of more than 1.5 years. g measures the horizon
of time-contingent FG relative a two-year benchmark, g2 is the squared value thereof. Driscoll-Kraay standard errors
with business week sampling are given in parentheses. Asterisks indicate the level of significance, (*) at the 10%,
(**) at the 5%, and (***) at the 1% level. Bold coefficients indicate the significance of the response of yields at the
1% level. The sample covers the effective-lower-bound periods from February 2000 until December 2016.
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Table 5: Forward guidance and forecaster disagreement

(1) (2) (3)

FG (αFG) -0.062�

(0.037)

SG (αSG) -0.067� -0.070��

(0.036) (0.033)
OG (αOG) -0.026 -0.029

(0.051) (0.048)
TG (αTG) -0.097��

(0.047)

STG (αSTG) -0.090
(0.056)

LTG (αLTG) -0.116��

(0.049)

# observations 669 669 669
R2 0.63 0.64 0.64
Ω� 0.226 0.226 0.226

Notes: This table shows the effect of forward guidance (FG) on forecaster disagreement regarding three-month-
ahead forecasts for 3-month interest rates, as measured by the interdecile range and as estimated by equations (10)
and (11). Country and time fixed effects not reported. SG denotes state-contingent FG, OG open-ended FG, TG
time-contingent FG, STG time-contingent FG with a remaining guidance horizon of up to 1.5 years, and LTG time-
contingent FG with a remaining horizon of more than 1.5 years. Ω� measures the sample average of the interdecile
range in the absence of FG. Driscoll-Kraay standard errors are given in parentheses. Asterisks indicate the level of
significance, (*) at the 10%, (**) at the 5%, and (***) at the 1% level. The sample covers the effective-lower-bound
periods from January 1999 until December 2016.
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A Proofs

A.1 Proof of Proposition 1

Formally, the weights in equation (17) have to satisfy the following three orthogonality conditions:

E rαsi pθ � E rθ|Ωisqs � 0, (28)

E rαy pθ � E rθ|Ωisqs � 0, (29)

E rxi pθ � E rθ|Ωisqs � 0. (30)

Substituting from equation (17), condition (28) yields

σ2
θ � aα2σ2

η �
a� b

1� c
σ2
θ � 0

and

a pc, bq � p1� cqσ2
θ � bσ2

θ

σ2
θ � p1� cqα2σ2

η

. (31)

Similarly, equation (29) yields

σ2
θ �

a� b

1� c
σ2
θ �

b

1� c
α2σ2

ε � 0

and

b pa, cq � p1� cqσ2
θ � aσ2

θ

σ2
θ � α2σ2

ε

. (32)

Combining (31) and (32), we get

a pcq � τη
1

1�cτη � τε � τπ
, (33)

b pcq � p1� cqτε
1

1�cτη � τε � τπ
. (34)

Substituting (33) and (34) into the endogenous signal xi and the individual expectation E rθ|Ωis
yields

xi �
�

1
1�cτη � τε

1
1�cτη � τε � τπ

απ � τε
1

1�cτη � τε � τπ
αε� ξi

�
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and

E rθ|Ωis �
1

1�cτη � τε
1

1�cτη � τε � τπ
απ � τε

1
1�cτη � τε � τθ

αε

�
1

1�cτη
1

1�cτη � τε � τπ
αηi � cξi.

Using these two expressions, the third orthogonality condition (30) can be written as

1
1�cτη � τε

1
1�cτη � τε � τπ

α2τ�1
π �

�
1

1�cτη � τε
1

1�cτη � τε � τπ

�2

α2τ�1
π

�
�

τε
1

1�cτη � τε � τπ

�2

α2τ�1
ε � cτ�1

ξ � 0.

Simplifying this yields the fixed-point equation stated in Proposition 1.

A.2 Proof of Proposition 2

The first statement of the proposition follows from the fact that, in equilibrium, we have

α2 � p1� cqcτ�1
η

�
1

1� c
τη � τε � τπ


2

τ�1
ξ ,

with τη, τε, τπ, τξ being all positive.

Let us now check the condition for the uniqueness of the equilibrium. The fixed-point equation

(23) implies that, in equilibrium,

α �
�

1

1� c
τη � τε � τπ


d p1� cqc
τητξloooooooooooooooooooomoooooooooooooooooooon

�fpcq

,

where α ¡ 0 and c P p0, 1q. Note that the sign of the derivative of fpcq1,

Bfpcq
Bc � 1

2c p1� cq2
d
p1� cqc
τητξ

pτη � p1� 2cq p1� cq pτε � τπqq

depends on the sign of pτη � p1� 2cq p1� cq pτε � τπqq. It is easy to show that fpcq1 ¡ 0 for any

α ¡ 0 and any c P p0, 1q if and only if
τη

τε � τπ
¡ 1

8
. (35)

If instead (35) does not hold, fpcq1 is negative in a compact interval pc, c̄q � p0, 1q and it is positive
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otherwise. In particular, we have

c � 3

4
�
d

1

2

�
1

8
� τη
τε � τπ



and c̄ � 3

4
�
d

1

2

�
1

8
� τη
τε � τπ




with

lim
τη

τε�τπ
Ñ0
pc, c̄q � p0.5, 1q.

Therefore, we conclude that, whenever condition (35) does not hold, multiple equilibria must exist

in an interval of α.

A.3 Proof of Proposition 4

The fixed-point equation (23) implies that, in equilibrium,

α pcq �
�

1

1� c
τη � τε � τπ


d p1� cqc
τητξ

.

Note that

Bα
Bc �

1

2c p1� cq2
d
p1� cqc
τητξ

pτη � p1� 2cq p1� cq pτε � τπqq

and that Bc{Bα � pBα{Bcq�1
. Therefore we get

Bφ
Bα � α

B
�

τε
1

1�c τη�τε�τπ

	
Bc

Bc
Bα � τε

1
1�cτη � τε � τπ

� τε
1

1�cτη � τε � τπ
� ατετη

pτη � p1� cq pτπ � τεqq2

�
�

1

2c p1� cq2
d
p1� cqc
τητξ

pτη � p1� 2cq p1� cq pτε � τπqq
��1

,

which is weakly negative if and only if

τε
1

1�cτη � τε � τπ

¤ ατετη

pτη � p1� cq pτπ � τεqq2
�

1

2c p1� cq2
d
p1� cqc
τητξ

pτη � p1� 2cq p1� cq pτε � τπqq
��1

.
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By using again the fixed-point equation, we obtain

τε
1

1�cτη � τε � τπ

¤ τη

p1� cq2
ατε�

1
1�cτη � pτπ � τεq

	2

�
1

2c p1� cq2
d
p1� cqc
τητξ

pτη � p1� 2cq p1� cq pτε � τπqq
��1

1 ¤ τη

p1� cq2
α

1
1�cτη � τπ � τε

�
1

2c p1� cq2
d
p1� cqc
τητξ

pτη � p1� 2cq p1� cq pτε � τπqq
��1

1 ¤ τη

p1� cq2
d
p1� cqc
τητξ

�
1

2c p1� cq2
d
p1� cqc
τητξ

pτη � p1� 2cq p1� cq pτε � τπqq
��1

1 ¤ 2cτη
τη � p1� 2cq p1� cq pτε � τπq ,

which requires, first,

τη ¥ �p1� 2cq p1� cq pτε � τπq ,

and second,

τη � p1� 2cq p1� cq pτε � τπq ¤ 2cτη,

p1� 2cq p1� cq pτε � τπq ¤ �p1� 2cqτη.

This is satisfied for
1

2
¤ c ¤ 1� τη

τε � τπ
.

We thus conclude that a maximum for φ obtains for c � 1{2, which corresponds to

α� � α p1{2q �
c
τη
τξ
� 1

2

τε � τπ?
τητξ

.
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