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Abstract

Forward guidance allows the Fed to influence private-sector expectations and thereby
potentially improve macroeconomic outcomes. This tool’s viability depends on the
horizon over which the Fed is able to communicate its intentions and its influence on
expectations over that horizon. We develop a tractable model of imperfect central bank
communications and use it to measure how effectively the Fed has managed private-
sector expectations about the future path of the federal funds rate and how its imperfect
communications have influenced macroeconomic outcomes. Standard models assume
the central bank has perfect control over the private sector’s expectations about the
policy rate up to an arbitrarily long horizon and this is the source of the so-called “for-
ward guidance puzzle.” Our estimated model suggests that the Fed’s ability to affect
expectations at horizons that are sufficiently long to give rise to the forward guidance
puzzle is substantially limited. We also find that imperfect communication has influ-
enced the propagation of forward guidance and is a source of macroeconomic volatility.
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1. Introduction

Since the onset of the financial crisis informing the public about its future intentions has
become central to Fed communications. Even before the crisis post-meeting statements and
speeches by Fed officials included forward looking language intended to clarify its intentions
about policy in the future. Such communications have become known as forward guidance.
The Fed’s forward guidance during the period in which the policy rate was at its effective
lower bound (ELB) is widely viewed to have been explicitly designed to lower expectations
of future short term rates. By doing so far enough into the future such communications may
have had a material effect on the interest rates that govern longer term investment projects
and boosted economic activity more broadly.

In the standard New Keynesian (NK) framework forward guidance allows the central bank
to influence private-sector expectations and thereby to potentially improve macroeconomic
outcomes. However the viability of this policy tool ultimately depends on the horizon over
which the Fed is able to influence expectations and the power of its communications to
influence expectations within that horizon. In this paper we develop an empirically tractable
NK model of central bank communications and use it to measure how effectively the Fed’s
has influenced private sector expectations about the future path of the federal funds rate
and the macroeconomic consequences of their communications over the period 1993-2016.

Standard NK models assume the central bank has perfect control over private sector
expectations about the policy rate up to an arbitrarily long horizon. Eggertsson and Wood-
ford (2003) and Krugman (1998) rely on this assumption to formulate policies to combat the
severe consequences of monetary policy being constrained by the ELB. However such perfect
control gives rise to implausible implications. In particular it is the source of the “forward
guidance puzzle” highlighted in an empirical context by Del Negro, Giannoni, and Patterson
(2015). The forward guidance puzzle arises from a theoretical implication common to all
standard NK models: the near term effects of a commitment to maintain an interest rate
peg for an additional period increases without bound with the horizon of the peg. That
forward guidance would have such an effect is clearly implausible and this has sparked a

large and growing literature exploring modifications to the NK model that dampen the ef-



fects of forward guidance as traditionally conceived. Key contributions include Del Negro
et al. (2015) who emphasize finite lifetimes, Gabaix (2016) and Angeletos and Lian (2018)
who consider bounded rationality, McKay, Nakamura, and Steinsson (2015) and Hagedorn,
Luo, Manovskii, and Mitman (2019) who study incomplete markets, Campbell, Fisher, Jus-
tiniano, and Melosi (2017) who focus on preferences for government bonds, Campbell and
Weber (2019) who study imperfect credibility, Farhi and Werning (2017) who explore the
interaction of bounded rationality and incomplete markets, and Kaplan, Moll, and Violante
(2018) who show study the implications of agent heterogeneity.

The ultimate source of the effects of forward guidance in standard NK models as well as
most of the extensions mentioned above is the assumption that the central bank is able to
communicate to the public clear and credible commitments to particular interest rate paths.
Is it plausible that the central bank has the ability to conduct such communications? If
there are failures to communicate clearly and credibly what are their implications for the
conduct of policy? Our framework allows us to address these questions. Consistent with the
previous literature we conceive of forward guidance as communications about future devia-
tions from the central bank’s policy rule. The central bank cannot perfectly communicate
these deviations in advance but instead is limited to sending noisy signals about them each
period. The public’s expectations are influenced as they learn from the signals about what
the policy deviations actually will be.

We view the noise in the signals as reflecting two key challenges to the communication
of forward guidance. The most obvious challenge is that the words used by central bankers
may confuse the public. One example is the “taper tantrum” episode when bond markets
seemingly over-reacted to remarks by Chairman Bernanke in May 2013 about winding down
the Fed’s bond purchases. This reaction was puzzling to many observers since earlier Fed
communications should had prepared markets for this eventuality. Another challenge is that
the central bank simply does not know how it might want to deviate from its established rule
in the future. For example, the policy rule assumed in standard models does not address risk
management. Even when the policy rate is far from the ELB central banks might want to

deviate from their implicit rules to guard against risks to the economic outlook. The history



of Fed communications is replete with examples of such behavior.!

We reach our conclusions about central bank communications by embedding our proposed
central bank communications technology within a medium scale NK model estimated using
a rich array of macroeconomic data. We force our model to confront both data on aggregate
activity and data on overnight interest rate futures. As a consequence expected future rates
in our model and our estimates of forward guidance reconcile these data. One implication of
this approach is that our estimated model does not exhibit the empirical forward guidance
puzzle highlighted by Del Negro et al. (2015). Another implication of incorporating the
futures rates in our estimation is that while we use linear methods to solve and estimate our
model agents at no time expect future rates to violate the ELB.

Our estimated model suggests that the Fed’s ability to affect expectations at horizons
that are sufficiently long to give rise to the forward guidance puzzle is substantially limited.
The difficulties inherent in communicating complicated decisions about the future path of
interest rates may be too great for forward guidance to be the powerful instrument predicted
by standard NK models. We also find that imperfect communications heavily influence the
propagation of monetary shocks. First, the response of the economy to a shock that changes
the policy rate path is substantially different under imperfect communication. Second, unin-
tended communication that contains no information about future policy deviations leads to
sizable macroeconomic volatility. Finally, forward guidance raises macroeconomic volatility
compared to no communication.

Our analysis exploits the observational equivalence established by Chahrour and Jurado
(2018). In particular there is an observationally equivalent version of our model in which the
central bank perfectly communicates news about future interest rates. The literature thus
far has almost exclusively modeled forward guidance as news. News consists of the central
bank perfectly communicating future deviations from the policy rule which are known to
be subject to revisions at later dates. Why focus on signal extraction rather than a model
with news? The news representation is easier to estimate for sure and we exploit that fact

here. However, if one then wants to use the estimated model to evaluate the effectiveness of

1See Evans, Fisher, Gourio, and Krane (2015) for examples of risk management considerations in state-
ments and minutes of the Federal Open Market Committee.



forward guidance as a policy tool, the model of central bank communications we study seems
more appropriate. The reason is that by focusing on news shocks one abstracts from how
effectively central bank announcements affect private expectations. Our model addresses the
communications challenges inherent in forward guidance directly and therefore allows us to
shed light on the ability of the central bank to exploit the power of forward guidance. Of
course observational equivalence means that the data cannot select one approach over the
other. Nevertheless the signaling approach seems better suited to interpreting the evolution
of expectations and therefore the nature of the communications challenges faced by central
banks.

The importance of communications in the transmission of monetary policy has long been
acknowledged. For example, Woodford (2003) emphasizes that successful monetary policy
is not so much a matter of effective control of overnight interest rates as it is the shaping
of market expectations about how interest rates, inflation, and output evolve over the com-
ing years. One of our objectives is to evaluate the Federal Reserve’s ability to shape these
expectations. There are several papers that study the central bank’s ability to shape expec-
tations. These papers are primarily theoretically oriented and generally eschew quantitative
implications. Two key contributions are Eusepi and Preston (2010) and Andrade, Gaballo,
Mengus, and Mojon (2018). The former develop a model with learning to study the link
between central bank communication and the anchoring of inflation expectations. The lat-
ter study the normative implications of forward guidance in a NK model where agents have
heterogeneous beliefs about the strength of the central bank’s commitment.

There are a few papers that use structural models to study the quantitative implications
of forward guidance. Campbell et al. (2017) use a medium scale NK framework along the
lines of Christiano, Eichenbaum, and Evans (2005) and Smets and Wouters (2007) to quantify
the macroeconomic effects of forward guidance after the onset of the Great Recession. Their
analysis focuses on news about future interest rates and therefore has little to say about the
ability of the central bank to communicate its future intensions. Bianchi and Melosi (2017)
use a NK model to evaluate the welfare implications of forward looking communications.
Their empirical framework is not as rich as ours and in particular does not exploit the

information contained in market expectations of future interest rates which is central to our



analysis. Finally, Nakamura and Steinsson (2018) develop a stylized NK model in which they
estimate the strength of Delphic forward guidance as defined by Campbell, Evans, Fisher,
and Justiniano (2012). They do not pursue likelihood estimation of their model given its
relatively small size. None of the papers in this literature empirically evaluate the central
bank’s ability to steer private sector expectations at different horizons as we do.

Another related line of research aims at drawing normative conclusions about how the
central bank should communicate. Morris and Shin (2002) introduce a class of models with
dispersed information to study the effects of central bank communications. They show that
policy communication may hinder social welfare if private information is sufficiently accurate.
Angeletos and Pavan (2007) show that this result emerges only under particular assumptions
about the kind of externalities assumed in the payoff structure. This literature focuses on
very stylized theoretical models. Furthermore, with the exception of Melosi (2016), it does
not investigate these models empirically.

Our work is also related to the reduced form empirical literature launched by Kuttner
(2001) which uses event studies to identify unexpected FOMC policy actions and their ef-
fects on macroeconomic outcomes and asset prices. Giirkaynak, Sack, and Swanson (2005)
extended that methodology to identify forward guidance shocks which leave the current pol-
icy rate unchanged while impacting current expectations of its future values. They found
substantial impacts of near-term (one to six quarters out) forward guidance shocks on two,
five, and ten year Treasury bond yields, and Campbell, Evans, Fisher, and Justiniano (2012)
verified that this pattern continued while the FOMC set its policy rate at the ELB. The
large and growing event study literature has not settled on an interpretation of these long
horizon effects. Our analysis strongly suggests that they are not due to the ability of the
Fed to shape expectations over such long horizons.

The remainder of the paper proceed as follows. In the next section we describe our
proposed communications technology. We then describe the fully specified model in which
we embed this technology and how we estimate it. The remaining sections focus on two
sets of findings. First we discuss the information flows implied by our estimates. Second
we discuss the propagation of forward guidance shocks under various assumptions about

communications.



2. Central bank communication

This section describes central bank technology for communicating to private agents that in
the following section we embed in a fully specified dynamic general equilibrium model. The
environment consists of identical utility maximizing agents who trade in a market for one-
quarter government bonds that have a risk free rate of return set exogenously by the central
bank. We assume the central bank sets the date ¢ one-quarter interest rate on government
bonds, Ry, according to

Ry = gi(Ry—1, m{"", y{"") + 0, (1)

where g, is the possibly time-varying policy rule which depends on the lagged policy rate and
the central bank’s measures of the deviations of inflation from its objective and a variable
called the output gap, /" and y/*”. Contemporaneous deviations of the policy rate from
the rule, 6;, are exogenous, stationary and zero mean Gaussian random variables which are
serially correlated up to the H-th lag. We allow for serially correlated monetary policy
shocks to be consistent with evidence of serially correlated deviations from estimated policy
rules and evidence that changes in overnight interest rate futures before and after the release
of FOMC statements to the public are correlated across their term structure. The private
sector observes R; and understands that policy is set according to (1). The central bank
perfectly communicates to the private sector the policy rule g; and its measures of the gaps.

At each date t the central bank also communicates forward guidance. Forward guidance
consists of providing information to the private sector about future deviations of the policy
rate from the rule up to H > 0 periods ahead, 6,,,, h = 0,1,2,..., H. These future
deviations from the rule can be interpreted as the central bank implementing a modestly
different policy path than what its policy rule would otherwise stipulate, along the lines
discussed by Leeper and Zha (2003) and Laséen and Svensson (2011).? This notion of
forward guidance is Odyssean in the sense described by Campbell et al. (2012). Since we
have assumed the central bank perfectly communicates both its rule and measures of the

gaps we exclude any role for Campbell et al. (2012)’s notion of Delphic forward guidance.

2We use the modifier “modestly” to indicate that the deviations from the rule are not sufficiently large
to lead agents to change their view that the central bank is committed to the policy rule g;.



The communications technology is as follows. Each period the central bank communicates
to the private sector an (H + 1) x 1 vector of noisy signals s; = [s!'] about the current (h=0)
and up to H-period-ahead future deviations from the rule 8, = [0;,;]. The signals are
specified as:

St = Ot + (o (2)

where the vector v; = [v]'] denotes noise. The noise is Gaussian with mean zero and variance-
covariance matrix =,. Since agents observe current and lagged policy rates as well as the
central bank’s gaps they observe 6; as well so that v{ = 0. The remaining noise should be in-
terpreted as comprising two components. The first component represents the central bank’s
imperfect knowledge about what it will do in the future. For example, unforseen events
such as the near failure of Long-Term Capital Management in September 1998 or the onset
of the First Gulf War in January 2001 led the Fed to reassess risks to the macroeconomic
outlook and lower the federal funds rate seemingly below the level indicated by its contem-
poraneous measures of the output and inflation gaps. The second component represents
miscommunication to the private sector about the central bank’s true intentions.

The private sector observes the signals, knows the stochastic processes governing 6; and
vy, and updates its beliefs about 6; in a Bayesian fashion. The Gaussian structure of the
shocks implies that it is optimal for agents to update expectations using the Kalman Filter
with Kalman gain determined by the known and constant variance-covariance matrices of
policy deviations and noise. Specifically, expectations following the release of date ¢ signals

are updated as follows

Etet = Et—let + K- (St - Et—10t>

= Et,let + K- (Bt + vy — Et,let) . (3)
where
k=122 + EU]_l (4)

and Zy denotes the variance-covariance matrix of current and future deviations from the rule

0, prior to receiving the signals s;. At any date ¢ conditional expectations are formed using



the full structure of the general equilibrium model specified in the next section.

The conditional variance-covariance matrix of future deviations from the policy rule, =y,
does not vary over time because the agents’ signal extraction problem is stationary. To see
this notice that in every period ¢, agents have received one signal about the H-period-ahead
deviation 6, y; two signals about the (H — 1)-period-ahead deviation 6,5 1 (one today and
the other yesterday), and so on. Given that we assume the noise is a stationary random
variable, it follows the horizon of each central bank announcement is a sufficient statistic
for tracking agents’ beliefs about 6, over time.® Therefore the variance-covariance matrix
of the vector of deviations 6, conditional on publicly available information at date t — 1 is

time-invariant.

3. General equilibrium model

We investigate how the communication of forward guidance influences its effects by embed-
ding the communications technology described in the previous section within the medium-
scale dynamic stochastic general equilibrium model described in Campbell et al. (2017).
Since much of the model’s specification is familiar and described in that paper we confine
our discussion to an abbreviated description of the model and emphasize the key features

that are integral to our measurement of forward guidance.

3.1. Households

The economy consists of a large number of identical, infinitely lived households with prefer-

ences described by the lifetime utility function

o0 =~ 1-v¢
¢ | b [(Ot - Qct—l) (1 - ﬂHtlﬂH)} —1 s By
Ey tE_O B | ey e +¢e/L PR

Here C} denotes the household’s date t consumption purchased in the competitive final goods

market at nominal price P, C; denotes aggregate per capita consumption (which is equal to

3The framework being linear and Gaussian is, of course, key for this stationary result to arise since
uncertainty is not affected by the realization of signals.



C; in equilibrium) and H; denotes hours worked.” The parameters ¢ and ~g are both non-
negative, § € (0,1) and p € [0,1). The parameter ¥ is used to normalize hours worked to
one in steady state. The argument of the increasing and concave function L, B, 1/ (P.R;),
is the consumption value of one-period government bonds purchased by the household at
date t and carried into date ¢t + 1 where B;,; denotes the quantity of nominally denominated
bonds.

The discount factor shock €2 has been shown by Justiniano, Primiceri, and Tambalotti
(2010a) and others to be a key driver of consumption fluctuations. It is often used, for
example by Eggertsson and Woodford (2003), as a shock that drives drives the policy rate to
the ELB and so it is particularly relevant for our analysis. We assume &% evolves according

to the stationary process given by
lngi] = Pb lngg—l + 77115]7 77? ~ N(Oa O-g)

Including preferences for government bonds has important implications for our measure-
ment of forward guidance.” First, in standard NK specifications R; equals the return to
installed capital in steady state while including a preference for government bonds allows
them to differ as they do empirically. As such they potentially lead to more plausible esti-
mates of the model’s structural parameters. Second, as discussed by Campbell et al. (2017)
and Fisher (2015), a spread between private and government rates of return introduces
discounting into the household’s linearized inter-temporal Euler equation for consumption.
This discounting mitigates the forward guidance puzzle. Finally, Fisher (2015) shows the
exogenous shock to these preferences, €7, provides a simple micro-foundation for Smets and
Wouters (2007)’s ad hoc shock to the consumption Euler equation. This shock is crucial to
the identification of empirical NK models since it is one of the few sources of co-movement

between consumption, investment and hours.

4Campbell et al. (2017) work with a more general specification of preferences. It turns out that this
generality is not important for our empirical results and so we abstract from it here.

SThese preferences were first introduced into an empirical NK model by Campbell et al. (2017). Krish-
namurthy and Vissing-Jorgensen (2011) used them to study the market for government securities. They are
beginning to get wider attention in the literature. See, for example, Auclert, Rognlie, and Straub (2018)
and Michaillat and Saez (2018).



We assume the liquidity preference shock to the preference for “safe and liquid” govern-

ment bonds evolves according to the stationary process given by

Ine; = (1 — py)es + psIne;_y + 7, m; ~ N(0,02).

The parameter €] determines the steady state spread between the rates of return on govern-
ment and private bonds.

Households own the installed capital stock K; which they accumulate using the technology

, I
KtJrl: [1—(5(Ut)] Kt‘*‘&“i |:1—S( ¢ >:| It,
gl

where [; denotes gross investment purchased from investment good producers described
below and S is an adjustment cost function that has the usual properties. The term ¢,
defined below, corresponds to the growth rate of investment’s stochastic trend. The owners
of installed capital control the intensity with which it is utilized, U;, so that the effective
supply of capital services in period t is K; = U, K;. Increasing capacity utilization entails
a cost in the form of faster depreciation via the function ¢. This function is specified as in
Campbell et al. (2017).

The technology for transforming investment goods into installed capital is subject to
the shock e!. We assume this investment-demand shock evolves according to the stationary
process given by

Ine; = pilney_y +1;,m; ~ N(0,07).
Justiniano, Primiceri, and Tambalotti (2010b) find that this shock explains a substantial
fraction of business cycle fluctuations in investment.
3.2. Goods Markets

Households own all goods producers. Final goods are produced using differentiated interme-
diate inputs with the usual Dixit-Stiglitz technology that is subject to shocks to the elasticity
of substitution. Intermediate goods producers are monopolistic competitors who maximize

profits subject to a standard Calvo pricing scheme with indexing. This and the shocks to
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the elasticity of substitution translate to a price mark-up shock, A, which evolves according

to the stationary process given by
In A = (1= pp) I A2+ pp In Xy — iy + it 1 ~ N(0, 05).

The parameter A2 denotes the steady state mark-up. Notice that we allow for innovations
to price markups to be a first-order moving average process.

Intermediate goods producer ¢ produces its output Y;; using the technology:
e\« 1-
Yi = (K§)" [AY Hy] " = A®, (5)

where H;; is composite labor rented from labor compositors (described below) in a competi-
tive market, o € (0,1), and ® > 0 is the fixed costs of production, paid in final goods.® The
term A} is the level of the neutral technology. This is a non-stationary process with growth

rate v; = In (Af /Af_l) that evolves according to the stationary process given by
ve = (1= po) Ve povior + 0,1y ~ N(0,07),

where v, is the steady state growth rate of the neutral technology. We refer to v; as the neutral
technology shock. The term A, in (5) is the stochastic trend of equilibrium consumption and
output measured in consumption units which equals A} (A] )a/ (1—04)’ where A! is the level
of the investment-specific technology described below with log growth rate denoted w;. The
log growth rate of A; is z; = v, + aw;/ (1 — ).

Perfectly competitive firms supply investment goods to households using a linear tech-
nology that transforms final goods into investment goods at rate Al. The growth rate of Al

evolves according to the stationary process given by
Wt = (1 - pw)w* + PoWi—1 + 772‘177720 ~ N(0> 002.;)

The parameter w, is the mean growth rate of the investment-specific technology. In equilib-

6The parameter ® is chosen so that intermediate good producers’ profits are zero in steady state.
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rium investment has a stochastic trend with log growth rate ¢; = vy + w;/ (1 — «).

3.3. Labor Markets

We adopt Smets and Wouters (2007)’s approach to introducing sticky wages when preferences
are non-separable in consumption and labor. This approach involves a wage mark-up shock

A which follow a stationary process similar to A}

In XY = (1= pu) In XY + py In A2 — duery + 17, my ~ N(0,0%).

3.4. Central Bank and Government

The central bank sets its policy rate, communicates with the public, and the public uses these
communications to make its decisions in the way described in Section 2. Our parametric

specification of the monetary policy rule in (1) is

gt<Rt*17 7.{..;]&17’ yiqap) = PR In Rtfl + (1 - pR) In R?a
where pr € [0, 1] governs the degree of interest rate smoothing and R} is the notional target
interest rate given by

In R} =1Inr, + Inw; + i + oy ™.

The constant r, corresponds to the steady state real interest rate on government bonds
and 7 is an exogenous inflation drift shock that could be interpreted as the central bank’s
intermediate target for inflation. The parameters 1,15 > 0 correspond to the elasticities of
the notional rate with respect to the gaps.

The drift term is included in the rule to address inflation’s low-frequency movements
during our sample.” Since we have assumed the policy rule is perfectly communicated to the
public so is 7. Clearly this is not an innocuous assumption since the drift influences agents’
inflation expectations and the Fed’s communications about its inflation objectives were al-

most surely imperfect over much of the sample period we study. We leave an investigation

"See Smets and Wouters (2003) for an early example of a NK model with an inflation drift term in the
monetary policy rule.
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about inflation target communications to future research. The inflation drift shock evolves

according to the stationary process
Inm; = (1= po)m + prlum_y + +0f 07 ~ N(0,07),

where 7, is steady state inflation.

The gaps in the policy rule are measured as four quarter moving averages of variables
observed by private agents. We assume the central bank measures the inflation gap as the
average of the difference between twice and once lagged, current, and expected one-period-

ahead log inflation and the contemporaneous value of the drift term:

The central bank measures the output gap as the average of the difference between the twice
and once lagged, current, and expected one-period-ahead log level of aggregate output and

its stochastic trend: .

Y = iEt Z (InYiy; —Iny* —InA,;).

j=—2
The constant y, denotes steady state output. It appears in the output gap to ensure that
the gaps are closed in steady state with the steady state nominal interest rate on government
bonds R, = r,m..

The government issues bonds B, 1 and collects lump sum taxes 7} to pay for government
spending G; = A;g; purchased in the final goods market. Therefore its one-period budget
constraint is

Gi+ B, =T, + Bgl.

t

We assume the government balances its budget every period and has no legacy debt, so

13



government bonds are in zero net supply.® The government spending shock g, evolves as
Inge = (1—py)In sl + pyIngiy + /. nf ~ N(0, ),
where s9 is the government’s share of output in steady state.

3.5. Equilibrium

Equilibrium is defined in the usual way and is described in more detail in Campbell et al.
(2017). We study the solution to the log linearized equilibrium conditions of the detrended
economy and apply econometric techniques that rely on linearity to estimate a subset of the
parameters and to conduct our study of central bank communications. One may question how
such an approach can be squared with the ELB. Without forward guidance it is possible that
at some dates agents’ expectations of future policy rates would violate the ELB constraint
even if the contemporaneous rate did not. We use data on expected future funds rates, which
of course do not violate the ELB, in our list of observables when we estimate our model.
Forward guidance gives our model the flexibility to fit these data and thereby respect the
ELB.

4. Estimation

Chahrour and Jurado (2018) show that models like ours can be represented in two obser-
vationally equivalent ways. We refer to our description of the model thus far as the signal
representation.” The model has an observationally equivalent news representation in which
each period the central bank perfectly communicates news about future policy deviations.
The news representation is easier to solve compared to the signal representation. There-
fore, we estimate the news representation and then we use the mapping from the news

representation to the signal representation to identify the parameters of the central bank’s

8 As noted in Campbell et al. (2017) by including preferences for government bonds it is natural to extend
the model to include a positive supply of government bonds. Doing so would be a step toward an environment
where quantitative easing could be studied alongside forward guidance. We leave this avenue of inquiry to
future work.

9Chahrour and Jurado (2018) use the terminology “noise representation.”
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communication technology, =y and =,. This approach is similar to Blanchard, L’Huillier,
and Lorenzoni (2013).

This section begins by describing the mapping from the news representation to the signal
representation. Then we describe how we estimate the news representation. An important
feature of our estimation is that we use a rich array of macroeconomic data and data on
the term structure of overnight interest rate futures. Our approach follows Campbell et al.
(2017) quite closely and so our discussion is brief and emphasizes the key differences. The
most important difference is that unlike in Campbell et al. (2017) we confront evidence that
suggests both economic growth and the steady state interest rate on government bonds have
declined over our sample period. Finally, we discuss briefly the properties of the estimated

model.

4.1. Mapping the communications technology into news

Let 5’}27t denote news about the policy deviation h periods hence revealed to the public
through the policy signals at date ¢, s;. By the definition of news

h
ERt = Eliin — Ei10i4 1.

Collect news about policy deviations up to H periods ahead in the vector er; so that we
have

ERt = Etgt - Et_let. (6)

In the model of central bank communication, the date ¢ revisions of private sector expecta-
tions about future policy deviations are given by equation (3). Combining equations (3) and

(6) leads to the critical link between our model of central bank communications and news:
K <0t + vy — Et_let) = ERt- (7)

We now show how to map the stochastic properties of news to the key parameters of the
communications technology, =y and =,,.

The forecast errors of policy deviations for each h = 0,1,0,..., H periods ahead are

15



related to news as follows:

h
Orrn — B 104, = Z €ﬁ,t+h_j~ (8)

5=0
This equation states that the error in the forecast of 8;,; made in date t — 1 equals the sum
of all news revealed from date ¢ to date t + h. The variance-covariance matrix of the H + 1
random variables 0, — E;_160;,,, corresponds to Zy. Therefore given the stochastic process of
news we can calculate the variance-covariance matrix of the random variables Z?:o eiu thej
and thereby obtain = using the relationship between news and the forecast errors of policy
deviations given by (8).

Using (7) the variance-covariance matrices of the communications technology are related

to the variance-covariance matrix of the vector of news, denoted by ¥, according to
= = =1l @
) [ug + Hv] 2y = W.

With Zy in hand we can use this equation to solve for the variance-covariance matrix of
noise:

=, =[50, — &,

The foregoing demonstrates that if we have the stochastic process of news in hand we can
obtain the parameters of the communications technology. We obtain the stochastic process
for news by estimating the news representation of the model. In the news representation
we suppose that instead of communicating noisy signals about future policy deviations the
central bank communicates news. Specifically, each period ¢ the central bank perfectly
communicates the (H + 1) x 1 vector eg;. At the time this information is communicated
agents believe it represents credible commitments to deviate from the rule up to H periods in
the future with the full knowledge that more news may come along that changes expectations
about future deviations. Any given period’s policy deviation is communicated through news

for up to H periods before the policy deviation is realized. It follows that the policy deviation
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at date t, 6;, is related to news according to
H .
Qt - Z 6‘;%715—]“
§=0

The news representation thus involves replacing 6; in equation (1) with Zf:o 6?#_ -

To complete the description of the news representation we need to specify the stochastic
process for news. For this we adopt the factor structure used in Campbell et al. (2017) and
described in the appendix. This factor structure allows for the possibility of serially correlated
policy deviations and so is consistent with the signal representation. With this specification
the model we estimate is essentially identical to the model estimated in Campbell et al.

(2017).

4.2. Estimating the news representation

Our estimation of the model’s news representation proceeds in two steps. The first step
is to calibrate the parameters that the model has in common with the neoclassical growth
model to match sample averages from the U.S. economy.!” With the exceptions noted below
to address low frequency movements in growth and interest rates these parameters are held
fixed throughout the analysis. The second step takes the calibrated parameters as given
and applies standard Bayesian methods to estimate the remainder of the model plus some
auxiliary parameters which are used to map the model into the data.

Our calibration strategy is essentially the same as in Campbell et al. (2017) and so we
do not elaborate upon it much here. The only difference is that we address the well known
evidence of secular declines in the growth potential of the economy and rates of return on
nominally risk free assets. We address these developments by imposing a change in steady
state in 2008q4 (the choice of this date is motivated below.) The model’s potential GDP
growth is governed by the growth rates of the neutral and investment-specific technologies.
We adjust the growth rate of investment-specific technology down to account for the slower

decline in the relative price of investment since 2008q4. Given this change we then lower the

10This “first-moments-first” approach ensures that any success in replicating second moments does not
come at the cost of counterfactual long-run predictions.
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steady date growth of the neutral technology so that potential growth is reduced to 2%. We
increase the steady state marginal utility of government bonds using ] to match a lower real
risk-free rate of 1%.'' These adjustments leave the other parameters of tastes and technology
unchanged but do change the steady state values of the endogenous variables and therefore
the point at which the economy is log-linearized.'?

Our Bayesian estimation uses the same split-sample strategy as in Campbell et al. (2017)
except that we incorporate the change in steady state described above and one other change
noted below. As in Campbell et al. (2017) our sample begins in 1993q1. This date is based
on the availability and reliability of the overnight interest rate futures data. The sample
period ends in 2016g4 but we impose a sample break in 2008q4. Our choice of this latter
date is motivated by four considerations. First, it seems clear that the horizon over which
forward guidance was communicated by the Fed lengthened substantially during the ELB
period. Second, there is the evidence that points to lower interest rates and productivity
growth later in the sample. Third, during the ELB period there is little information about
the parameters of the policy rule. Finally, the downward trends in inflation and inflation
expectations from the early 1990s appear to come to an end in the mid-2000s. Splitting the
sample in 2008q4 and assuming certain model parameters change at that date is our way of
striking a balance between parsimony and addressing the multiple structural changes that
occur around the same time.

We estimate the full suite of non-calibrated structural parameters in the first sub-sample
under the assumption that forward guidance extends for H = 4 quarters. Starting in 2008q4
we assume the model environment changes in three ways. First we assume the change in
the steady state described above. Second, forward guidance lengthens to H = 10 quarters.
Third, the time-varying inflation target from the first sample becomes a constant equal to
the steady state rate of inflation, 2% at an annual rate. All three changes are assumed to

be unanticipated and permanent.

1 The targets potential growth and the risk-free rate reflect a variety of evidence including the Fed’s
Summary of Economic Projections.

120Qur re-calibration changes the return on private assets by a little. This small change is consistent with
Yi and Zhang (2017) who show that rates of return on private capital stay roughly constant in the face of
declines in risk free rates.

18



The measurement equations for the first sub-sample estimation are as follows:

AIHQObs = f(Ct,Ct 1,Zt7lt 1;gt,wt,7TthbS)
Aln Cfbs = z. +AG+ 2
AInI?® = 2z, +w, + A+ 3 + @
log Ht"bs = lf]t
7r§ 00— 4+ g
R™ = R,+R,
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In these equations the “hatted” variables represent log deviations from steady state, lower
case letters correspond to de-trended counterparts of the upper case variables described in
Section 3, and “A” is the first difference operator. The left hand side variables represent data
(Q denotes chain-weighted GDP). These data are described in Campbell et al. (2017)."® The
function f in the first equation represents the linear approximation to the chain-weighted
GDP formula discussed in Campbell et al. (2017). Two variables are included to complete
the mapping from model to data but are not endogenous to the model. Specifically, the

,0bs

consumption price of government consumption plus net exports, 77", is used to construct

our model-consistent measure of chain-weighted GDP, and inflation in the consumption price

d,obs

of consumer durable goods, 7", is used to complete the mapping from model inflation to

measured inflation.'*

13We use three additional time series, all measures of expected inflation from the Survey of Professional
Forecasters: PCE expected inflation over the next 10 years and both CPI and PCE expected inflation one
quarter out.

14The measurement equations introduce some additional notation: 77°*”* and w;**"* represent the inflation
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These equations indicate we use 21 time series to estimate the model in the first sub-
sample. In addition to the real quantities and federal funds rate that are standard in the
literature our estimation includes multiple measures of wage and consumer price inflation,
two measures each of average inflation expected over the next ten years and over one quarter,
and H = 4 quarters of interest rate futures. Our second sub-sample estimation is restricted to
estimating the parameters of the stochastic process for forward guidance news with H = 10

d,obs

b . . . .
% and 7;"””®. This estimation uses the measurement equations

plus the processes driving
involving the current federal funds rate and 10 quarters of expected future policy rates plus
the last two equations. We take into account the change in steady state but otherwise hold
fixed the parameters at their first sub-sample values.

It is worth reiterating that our estimation respects the ELB. This is because we measure
expected future rates in the model, the Etf%tﬂ-, using the corresponding empirical futures
rates, R‘Z’Obs, and we use futures rates extending out 10 quarters. Because our estimation
forces data on real activity, wages and prices to coexist with the interest rate futures data,

we expect the estimation to mitigate the forward guidance puzzle.

4.3. The estimated model

The differences in the estimation strategy compared to Campbell et al. (2017) do not change
the desirable properties of the estimated model. The vast majority of business cycle variation
in real variables is driven by five shocks: shocks to the two technologies, liquidity preferences,
the discount factor, and investment demand. Markup shocks contribute very little to real
fluctuations and in the first sample monetary policy shocks contribute little as well. The
model also continues to provide a plausible interpretation of the two recessions in our sample.
The 2001 recession is explained by tighter financial conditions, i.e. an increase in demand for
government bonds, and to a lesser extent weaker technology growth. During the recession

the sharp drop in the funds rate is larger than stipulated by the policy rule and this lifts

and wage indicators discussed in Campbell et al. (2017); €}, e,7", el and €] denote classical measurement

errors; ¢ and €/ denote regression residuals; 1 and 747 are constants that account for the average differences
between the observable measures of inflation and inflation expectations and steady state inflation; 5™/ and
~™J denote the factor loadings relating observable inflation to model inflation and observed consumer durable
inflation; 87 are factor loadings relating observable inflation expectations to their model counterparts; and
(i, j denote regression coefficients.
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aggregate activity and inflation. Tighter financial conditions are the main driver of the Great
Recession and the constraint of the ELB led to monetary policy being a substantial drag
on real activity. Finally, the estimated model does not exhibit a forward guidance puzzle.
In particular, when we conduct the experiment in Del Negro et al. (2015) in which the low
interest rate peg anticipated by markets in 2012q3 is extended by one quarter we find small
effects on real activity and inflation. These results bring credibility to the forward guidance

we estimate.

5. The information flows from Fed communications

In this section, we quantify the information content of the estimated signals emitted by the
Fed. We do this in two ways. First, we measure the reduction in the uncertainty about the
future path of monetary policy at a point in time due to the individual entries of the signal
vector. Second, we study the rate at which agents’ uncertainty falls as the time of the policy
implementation approaches. These exercises offer evidence on the limits of forward guidance

when the central bank tries to steer the private sector’s expectations at long horizons.

5.1. Information about the policy path embedded in s;

We measure the information about the policy path embedded in s; staring from a situation
in which agents have received signals up to ¢ — 1 and do not have any time ¢ signals. We then
suppose that at time ¢ the central bank sends signals within the vector s; sequentially starting
with the longest horizon H. For each new signal we measure the reduction in uncertainty
relative to not having received any time ¢ signals. This allows us to quantity the role of the
individual signals in reducing the agents’ uncertainty about the monetary policy path.

In the signal representation, the monetary policy path viewed by the public is a random
vector of unobserved future deviations from the rule so its uncertainty is encoded in its
variance-covariance matrix. The concept of entropy, defined as the average uncertainty of
random vectors, allows us to summarize the uncertainty about the monetary policy path
with a scalar while preserving the estimated correlation structure of the signals. Reduction

in entropy is a widely used metric in the engineering literature to measure information
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flows, e.g. Cover and Thomas (1991). In economics, the rational inattention literature uses
this measure to characterize the information-processing constraint, e.g. Sims (2003) and
Mackowiak and Wiederholt (2009). For a Gaussian distributed random vector, x ~ N (u, %),
the entropy is given by

£(a) = 3 logs 5] + 5 log, 2me)

where n is the dimension of x.

We focus on the future path of monetary policy, 67, the H x 1 vector of future pol-
icy deviations that excludes the perfectly revealing contemporaneous signal s? = ;. The
information gains, or reduction in uncertainty, induced by the revelation of signals can be
measured by taking the difference between the posterior entropy of receiving the signals of
policy deviations H to H — h quarters out, h = 0,1,..., H — 1, minus the prior entropy of
not receiving any new signal at all. Usually, entropy is measured in ‘bits’. We express the
information gains as fractions. Specifically, we define the information gains of receiving the

h + 1 signals for horizon H — h to H as

G(h+1) = 1 —exp [£(0] | 55t s s — (07| 5]

1 — 1 _
=1—exp élog2 E ks 3 log, |Zh] | -

Here s'~! denotes the history of all signals received up to and including period ¢ — 1; =8 and
Egh correspond to the variance-covariance matrices of the posterior and prior distributions
of 8;, respectively, and are derived in the Appendix.

The information gains G(h + 1) induced by signals H — h to H indicate the fraction of
the reduction in the entropy of the monetary policy path 67 that is attributable to these
signals alone. When the difference between the posterior and prior entropy, the argument in
the exponential, is close to zero, the reduction in uncertainty is small and hence so are the
information gains. Conversely, when the reduction in the posterior entropy is sizable, the
argument in the exponential is negative and information gains become large.

Figure 1 reports the information gains in the first and second samples. The information

gains show the accumulated reduction in uncertainty in the monetary policy path as the
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Figure 1: Cumulative information gains
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Note: Each bar represents G(h + 1) where the z-axis indicates the number of signals, h + 1, received.

central bank progressively reveals deviations from the policy rule at different horizons. We
start from the horizon furthest out and progressively add signals at shorter horizons. In the
first sample agents receive the first signal four quarters before its actual implementation in
the policy rule, whereas in the second sample signals about future deviations are emitted as
early as ten quarters in advance.

The first sample plot shows close to zero reduction in uncertainty four quarters out.
This means that uncertainty of the monetary policy path when the central bank announces
only the deviation from the rule one year out hardly changes the agents’ uncertainty about
future policy deviations. Agents barely update their beliefs. The reduction in uncertainty

is still less than 50% when agents have received three signals already. It is only when they
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receive the signal about the next quarter policy rate that we see a substantial reduction in
uncertainty but even then it is only about 60%. So in normal times, it appears the Fed has
a very limited ability to use forward guidance to influence private sector expectations.

The second sample plot shows virtually zero reduction in uncertainty 10 quarters out.
There is a discrete jump 7 quarters out and another 6 quarters out that lifts the information
gain above 50%. By 2 quarters out about 80% of uncertainty is reduced. These results cast
doubt about the power of forward guidance to affect agents’ uncertainty about future devi-
ations at horizons very far from the policy implementation. However the larger information
gains at longer horizons in the second sample compared to the first sample suggest that the
tool of forward guidance may have some bite during periods of extreme economic distress.
Nevertheless there are limits to the power of this tool even then. It seems very difficult
to convince the public that an interest rate peg can be extended for very long. From this
perspective there is no forward guidance puzzle. In particular, Del Negro et al. (2015) frame
the forward guidance puzzle as implausibly large effects on aggregate activity from extending
the 10 quarter low interest rate peg expected by markets in 2012q3 to 11 quarters. Figure 1
suggests it was not possible for the Fed to communicate such an extension.

We hypothesize that the relatively large information gains at longer horizons in the second
sample arise from two factors. First, its possible that the extreme economic conditions during
the second sample may have led agents to pay more attention to the Fed than they did during
more normal times. This should be reflected in the Kalman gain matrix.'® Second, it may
be easier to communicate when policy is constrained by the ELB. Communicating policy
deviations while being constrained by the ELB boils down to explaining how long the policy

rate will remain near zero which seems relatively easy to do.'°

15We have not framed our analysis in terms of the optimal allocation of attention. However there is a
close connection between the Kalman gain and this allocation problem. See for example Mackowiak and
Wiederholt (2009) and Melosi (2014).

16Qur analysis abstracts from the Fed’s large scale asset purchases. To the extent that the macroeconomic
effects of these policies were through signalling or establishing a commitment to keep rates lower for longer
they can be viewed through the lens of forward guidance.
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5.2. Accumulation of knowledge about a future policy deviation

We now examine the rate at which the agents’ uncertainty about the deviation from the
monetary policy rule at a specific date resolves as time goes by. We call this the accumulation
of knowledge about a future policy deviation. We quantify the accumulation of knowledge
by looking at the reduction in entropy of the deviation from the policy rule as we approach
the policy implementation. Specifically, the reduction in entropy after receiving h+ 1 vectors

of signals about the policy deviation at ¢ + H is given by
K(h+1)=1—exp [£(Osnls™™) = € (bynls™")], R=0,1,2,... H.

Here & (0, z|s'™") is the prior entropy of 6;, 5, which measures agents’ uncertainty about
0+ before having received any signals about it, and & (6,4 x[s"™) is the posterior entropy
conditional on receiving h + 1 vectors of signals.!”

Figure 2 reports the accumulation of knowledge, IC(h + 1), in the first and second sub-
samples. The z-axis in the plots indicates the quarters before the policy deviation is imple-
mented. For example in the first sub-sample the left-most bar corresponds to the case h =0
in which only one vector of signals about the policy deviation at ¢ + 4 has been communi-
cated by the central bank. Knowledge flows at a fairly steady pace both in the first and
second sample. In the first sample the reduction in uncertainty is sizable only two periods
away from the policy implementation, while in the second sample the size of uncertainty
is reduced by half more than a year before the policy is implemented. Figure 2 reinforces
the main lessons from Figure 1. In the first sub-sample it was hard to communicate much
more than 1 quarter before a policy decision. In the second sub-sample the communication

horizon was substantially longer, but limited.

6. The dynamic effects of a forward guidance shock

In this section we explore the role of imperfect communication in the propagation of forward

guidance to the economy. To this end we explore the dynamic response of the economy to a

"The variance used in the posterior entropy &4 (614x|s'™") corresponds to the (H+1—h) x (H+1—h)
element of the variance-covariance matrix of the posterior distribution of the entire state 8;|s‘".
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Figure 2: Dynamic accumulation of knowledge
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Note: Dynamic accumulation of knowledge in the first (top panel) and in the second sample (bottom panel).
Horizontal axis reports the time to the implementation of the deviation from the policy rule. Vertical axis
reports the fraction of the reduction in uncertainty about the intercept in the policy rule.

hypothetical forward guidance shock. We define a forward guidance shock as an orthogonal-
ized shock to s; that implies a zero signal about the current deviation and non-zero signals
about all future deviations up to H periods ahead.

The forward guidance shock is constructed by first decomposing the signal equation (2)
as follows:

St = Ot + v = <I>ut (9)

where u; ~ N (0,I) is a (H 4+ 1) x 1 random vector of shocks and the matrix ® is lower

triangular with E (Qu,u,®’) = E;_q (st8,) = Z¢ + =, which is the variance and covariance
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matrix of time ¢ signals that embodies information about the cross-correlations of the devi-
ations 6; and the cross-correlations of noise v;. We then exploit the triangular structure of
the matrix ® to characterize the forward guidance shock. Specifically, we define a forward
guidance shock as a unit innovation to the second element of the vector wu; fixing all other
elements equal to zero. This represents a forward guidance shock since it consists of an
orthogonalized vector of signals that implies no change in the intercept contemporaneously

but a change in the path going forward.'®

6.1. Propagation of forward guidance

To study the effects of a forward guidance shock we consider the following scenario. The
central bank announces a vector of noiseless signals in an arbitrary period ¢ that comprise
its actual policy deviations from period ¢ + 1 through period ¢ + H. The announcement
comes when the economy is initially at steady state and so before it is made agents expect
that all future deviations are zero. However, to be consistent with our learning environment,
we also assume that before the announcement agents have received H — h signals equal to
zero about the A" quarter ahead deviation from the rule and this information is embedded
in their prior uncertainty. Further, we assume that over the period ¢ + 1 to t + H the
central bank continues to send truthful signals about its policy deviations but does not
send signals beyond the horizon of the initial forward guidance. Since the signals are the
only source of information for the private sector to learn about future policy deviations,
agents’ expectations about the deviations from time t + H onward equal zero, which is the
unconditional mean of such deviations. No more deviations will be carried out after period
t + H. These two assumptions imply that agents correctly anticipate the model economy is
not hit by any shock after period ¢ + H and will transition back to the steady state.

Given this setup we consider two ways in which the forward guidance is communicated to
private agents. In the perfect communication case we assume agent’s learn with the Kalman

gain matrix k set equal to the identity matrix. In imperfect communication case agent’s

180ther shocks are potentially interesting to study. The h'" shock in u, is the shock that does not affect
signals concerning deviations that will occur from period ¢ through period ¢ + h — 1. While these shocks
certainly belong to the forward guidance class, they do not affect all the signals concerning future deviations
from the rule. Therefore, the second shock seems like the most natural candidate to study.
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learn with our estimated Kalman gain matrix. These two cases allow us to measure how
imperfect communication influences the response to forward guidance.

Figure 3: Expectations about future policy deviations after a forward guidance shock in the
second sample
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Note: Response of private sector’s expectations about future deviations from the policy rule to a forward
guidance shock. The black solid line denotes the case of imperfect communication and the red stars mark
the case of imperfect communication. The units are percentage points of annualized rates.

We begin by considering the most recent sub-sample. For this we normalize the forward
guidance shock so that it leads the annualized interest rate to deviate from its rule-consistent
value by 100 basis points after 10 quarters.'” The red stars in Figure 3 correspond to the
actual future deviations from the rule looking ahead from each date following the forward
guidance shock. Because the signals are noiseless the stars also correspond to the signals
sent by the central bank. Recall that the signals perfectly reveal the current deviation and
hence the stars associated with horizon 0 on the x-axis of each plot correspond to the actual
deviation in the indicated period following the shock. The black lines of Figure 3 show the
private sector’s expectations about policy deviations over the next 10 quarters, E;0;, at time
t, which is when the first announcement is made, and in the following periods.

At time ¢, the central bank spectacularly fails to communicate its future deviations from
the rule. Expectations about future deviations hardly budge. The second announcement at
time ¢+ 1 does not seem to materially move the private sector’s expectations either. At time
t 4+ 2, the third announcement has some impact and lifts private expectations toward the

truth (the red stars) a bit. From period ¢ + 3 on, agents’ expectations quickly rise, overshoot

19This requires us to re-scale the forward guidance shock by 4.

28



the true deviations in periods ¢ + 6 and ¢ + 7, and finally line up with the truth in period
t 4 8 and in subsequent periods. These patterns seem very much in line with the cumulative
information gains shown in Figure 1, suggesting that it takes the first four or five signals
for agents to have gathered enough information to start adjusting their expectations in line

with what the future deviations will actually be.

Figure 4: Response of hours to a forward guidance shock

Response of Hours

Note: Response of hours to a forward guidance shock that causes the interest rate to deviate from its
rule-consistent value by 25 basis points in 10 quarters. The black solid line denotes the case of imperfect
communication, the red stars mark the case of imperfect communication, and the blue circles refer to the
case where the forward guidance shock does not lead to any actual deviations from the rule (pure beliefs).
The units are percentage deviations from steady state.

The finding in the top left plot is striking and calls for caution in using the news repre-
sentation of a model to study the macroeconomic effects of forward guidance. In the news
representation future deviations are perfectly communicated. This plot shows that the cen-
tral bank’s ability to steer expectations about future monetary policy is extremely limited.
Therefore, using the news representation is likely to lead to inaccurate predictions or to
puzzles (e.g., the forward guidance puzzle) that would not arise if one takes into account the
imperfect ability of the central bank to communicate. But to do this, one needs to consider
the signal representation.

Figure 4 shows the response of hours to the forward guidance shock.?’ We discuss the

20We use the news representation to obtain these impulse response functions. The case of perfect com-
munication is constructed by imposing that the news shocks in the first period are equal to the actual
future deviations and zero in the following periods. The case of imperfect information is constructed by
premultiplying the actual future deviations by the estimated Kalman gain matrix and then by using the
resulting revision of expectations about future deviations as surprise and news shocks to simulate the news
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yellow and blue bars below and focus here on the black line and red stars. The black line
illustrates the case in which the central bank communicates using the imperfect communi-
cation technology. The red stars show the response of hours to a forward guidance shock
in the counterfactual scenario in which the central bank can perfectly communicate with
the private sector. Hence, the difference between these two lines captures the effects of the
central bank not being able to perfectly communicate the future course of policy. Imperfect
communication delays the response of real activity to forward guidance and magnifies it in
the medium term. At the time of the first forward guidance (time t), hours barely adjust
because private sector expectations fail react to the announcement, as shown in Figure 3.
As time goes by and more and more guidance is provided, private sector expectations adjust
and consequently economic activity quickly deteriorates and contracts more than that in the
case of perfect information.

There are two reasons why imperfect communication triggers a deeper recession compared
to perfect communication. First, as shown in Figure 3, the overshooting of expectations
about the path of contractionary monetary shocks in period ¢ 4+ 6 and t + 7 contributes
to deepen the recession. Second, the delayed revisions of agent’s expectations contribute to
lower hours. In the perfect communication case, agents never revise their expectations about
future deviations after period ¢, when the first announcement is made. Under imperfect
communications agents largely fail to anticipate the path of policy in period ¢ and then
revise their expectations slowly over time as shown in Figure 3. Consequently, when agents
finally learn the future policy deviations, they have less time to adjust to the consequences
of them relative to the case of perfect communication. A shorter anticipation time for future
deviations boosts the response of real activity. This is a feature of all standard NK models.?!
When firms anticipate a monetary shock long in advance, the effects of this anticipated shock
will be relatively small because less firms are constrained by the Calvo lottery before the

anticipated policy deviation is realized.?” More flexible prices imply a smaller response of real

representation.

21Here we are not referring to the effects of extending an interest rate peg which grow with the horizon of
the peg.

22This result also holds in presence of Rotemberg-style price adjustment. A long anticipation horizon
allows firms to smooth out the price changes over a longer period and hence lowers the cost for firms to
change their price relative to a surprise monetary shock.
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activity. Thus, by slowing down the information flow from the central bank to the private

sector, imperfect communication magnifies the effects of forward guidance on real activity.

Figure 5: Expectations about future policy deviations after a forward guidance shock in the
first sample
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Note: Response of private sector’s expectations about future deviations from the policy rule to a forward
guidance shock. The black solid line denotes the case of imperfect communication and the red stars mark
the case of imperfect communication. The units are percentage points of annualized rates.

The results in Figure 4 suggest that a typical forward guidance shock takes a while to
fully unravel its effects on real activity. This is mainly due to imperfect communication that
delays the effects of forward guidance. This finding warns about the practical use of forward
guidance away from the ELB as a tool to stabilize the economy in response to changes in the
risk environment which might lead the central bank to want to deviate from its established
rule.

Figure 5 shows the expected deviations from the rule following a forward guidance shock
in the first sub-sample which we construct using the same method as the forward guidance
shock in the second sample. The figure is constructed analogously to Figure 5.%° Recall
that forward guidance in the first sub-sample extends out only H = 4 quarters. The central
bank fails to accurately communicate its future policy deviations in the first three periods.

This is reflected in the black lines being far from the red stars in period ¢, when the first

23The scale of Figure 5 is comparable to the one of Figure 5 meaning that the typical forward guidance
shock in the first sample is not only very small (2 = 8/4 basis points but also only 8% of the typical shock
in the second sample. The extremely small shocks in the first sample indicate two important features of our
estimation. First, because the deviations are small the estimated policy rule is an excellent summary of the
Fed’s behavior then. Second, the Fed did not do much forward guidance in the first sample. These features
are likely influenced by our assumption that the inflation drift shock is perfectly communicated.
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Figure 6: Response of hours to a forward guidance shock in the first sample

Response of Hours

Note: Response of hours to a forward guidance shock that causes the interest rate to deviate from its
rule-consistent value by 25 basis points in 10 quarters. The black solid line denotes the case of imperfect
communication, the red stars mark the case of imperfect communication, and the blue circles refer to the
case where the forward guidance shock does not lead to any actual deviations from the rule (pure beliefs).
The units are percentage deviations from steady state.

announcement is made, and in the following two periods. Consistent with the cumulative
information gains in Figure 1, only when the central bank has sent four signals and has
carried out three deviations from the rule, do private sector expectations become very close
to the true deviations.

The responses of hours to a forward guidance shock in the first sub-sample under perfect
and imperfect communication are shown in Figure 6. The responses of hours are qualitatively
similar to those in the second sub-sample. Imperfect communication seems to initially delay
and later magnify the volatility of hours. Nevertheless, forward guidance shocks have smaller
and less persistent effects on real activity than in the second sub-sample primarily due to

the shorter duration of the guidance.

6.2. The expectation channel of forward guidance

The signal representation allows us to decompose the macroeconomic effects of forward
guidance into two additive components. The first component represents the sole effects of
the change in expectations triggered by forward guidance. The second component captures
the effects of implementing the deviations by taking the private sector by surprise in every

period. We call the first component the expectation channel of forward guidance. A proof
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of this result is in the Appendix.

To evaluate the expectation channel of forward guidance, we construct a policy experi-
ment in which the path of signals implied by the forward guidance shock turns out to be just
noise. We still assume that the central bank has an imperfect communication technology
as in the baseline case of truthful forward guidance. There are two things that should be
noticed about the simulation with noise-driven forward guidance. First, expectations about
the future deviations of monetary policy are the same as those in the baseline case in every
period. This can be seen by inspecting equation (3). Second, when forward guidance is
driven by noise only, the perfectly revealing signal concerning the current deviation must be
always equal to zero. This experiment captures the expectations channel of forward guidance
because there are no actual policy deviations and so the only effects of forward guidance arise
due to expectations that deviations will occur.

In Figure 4, the yellow bars capture the effects of forward guidance on hours in this
experiment. The expectation channel of forward guidance heavily affects the propagation of
forward guidance shocks. It is quite potent in the first year and a half after the shock and its
intensity quickly diminishes thereafter. The response of hours during the first year of forward
guidance is almost entirely explained by expectations. The expectation channel makes the
effects of monetary shocks on hours more front-loaded and generally more effective.

The case of noise-driven forward guidance is not only helpful to evaluate the expecta-
tion channel of forward guidance but it also allows us to study the implications of forward
guidance entirely driven by noise. This interpretation of the counterfactual exercise captures
situations in which either the central bank’s forward guidance is misinterpreted by the pri-
vate sector or the central bank changes its mind about future deviations from the rule after it
has announced them. The magnitude of the yellow bars suggests that such communications
may feed macroeconomic volatility and can challenge the central bank’s ability of stabilizing
real activity and inflation (the latter is not shown).

The blue bars in Figure 4 equal the vertical distance between the response of hours in
the baseline case of truthful forward guidance and the counterfactual case of noise-driven
forward guidance. As shown in the Appendix, the blue bars are the response of hours

when the central bank opts for not providing forward guidance (no communication). To put
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it differently, the central bank knows how it will deviate from the rule in the future but
does not reveal anything about these deviations and keeps surprising the private sector in
every period. Comparing the case of no communication (blue bars) to the case of truthful
forward guidance (the black line) sheds light on how communication alters the propagation
of monetary shocks. From this perspective, our main finding is that communication raises
the volatility of hours and inflation (the latter not shown) during the implementation of the
policy.

The effects on hours of the expectation channel and the absence of forward guidance on
hours for the first sub-sample are shown in Figure 6. They are broadly similar to those in

the second sub-sample.

7. Conclusion

This paper measured the imperfect ability of the Fed to communicate forward guidance and
the influence of its imperfect communications on private sector expectations and macroe-
conomic outcomes. We found that the Fed’s ability to affect expectations at horizons that
are sufficiently long to give rise to the forward guidance puzzle is substantially limited. The
difficulties inherent in communicating complicated decisions about the future path of inter-
est rates may be too great for forward guidance to be the powerful instrument predicted by
standard NK models.

We also found that imperfect communications heavily influences the propagation of mon-
etary shocks. First, the dynamic response of the economy to a shock that changes the policy
rate path is substantially different under imperfect communications compared to the case
of perfect communications. Second, unintended communication that contains no informa-
tion about future policy deviations leads to sizable macroeconomic volatility. This finding
suggests that communication away from the ELB is a fairly delicate instrument to han-
dle. Finally, we show that forward guidance raises macroeconomic volatility compared to no
communication.

While our findings show clearly that the Fed has a limited ability to shape expectations
about the path of the Federal Funds rate it is not so limited as to suggest the Fed should elim-

inate forward guidance from its policy toolbox. We did find the power of forward guidance
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to be extremely limited in the period when the funds rate was far from the ELB. However
we also found that in the period after 2008 the horizon over which the Fed could influence
expectations grew substantially. We conjectured that this may be due to two factors. First,
its possible that the extreme economic conditions during after 2008 may have led the public
to pay more attention to the Fed than they did during more normal times. Second, it just
may be easier to communicate when policy is constrained by the ELB.

Imperfect central bank communications seems ripe for further study. More work can
be done in isolating instances in which the Fed was best able to communicate its future
intentions. This might guide central banks in developing better communications strategies.
Using the methodology of this paper to investigate central bank communications in other
economies would shed further light on this issue. One area not addressed in our analysis
is how well the Fed was able to use its communications to shape inflation and inflation
expectations during their gradual decline over the 1990s and early 2000s. Our methodology
seems straightforward to apply to this question. More generally it is worth exploring other
approaches to understand the ability of the central bank to communicate its future intentions.
Recently Coibion, Gorodnichenko, and Weber (2019) have opened up a new and exciting area
of research which uses an experimental approach to understand the effects of central bank
communication. Finally, we have not taken a stand on the welfare implications of trying to
communicate forward guidance. Are such communications advisable? Some of our findings

hint at an answer to this question but clearly there is much more to be done here as well.
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Appendix

A. Constructing the prior matrix of the signals

As explained in the main text, we can use equations (8) along with the estimated statistical
. H
properties of the news shocks {Eg%t}j:(] to construct the prior matrix =y. Here are some

examples to show how one can construct the matrix =y (with H = 10).

Since the deviations from the rule 8, are assumed to be correlated up to the H-th lag
in our model, we allow news shocks in the observationally equivalent news representation to
be correlated. To capture this, we follow Campbell et al. (2017) and assume that a factor
structure determines the cross-correlation among news shocks. In symbols:

ey = il + Bif ! + i (10)

where the factors f;* and ftﬁ are scalar, 1, are an H x 1 column vector of shocks, and ¢); is
1 x H vector of coefficients that depend on the model’s structural parameters. Let us denote
the diagonal variance and covariance matrix X, = E (n,1,).

Example 1 Characterize Zy (10,9) = E;_1 (0¢1100149)

g
=0 (1079) = [&0,,..7049] . var (ft >+
10

A
ot | 2| vor (17) +

[77007 "'7¢9] ’ [110 ® 277] :

where I,, denotes the n X n identity matrix.

Example 2 Characterize Zy (10,1) = E;_1 (0 1100141)
— (&%) «
2100 = fanaul [ 2 oar 7+

ot - | 0 | var (57) +
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[V, 0] - [Io ® X)) - [ Z? }
1
Example 3 Characterize Zy (1,1) = E;_1 (04410141)
=0 (1,1) = advar () + Bvar () + voSyh

Example 4 Characterize Zy (5,5) = Ey_1 (0y450:15)

Qo
Z9(5,5) = [ag,...,a5]- | ¢ | var(ff)+
Qs
Bo
Bo, B | ¢+ | war (ff) +
Bs
Yo
+ [0, s 5] [Ts @ 3] |
Vs

B. Calculating the information gains

In this section we provide the derivations to compute the first and second moments of 6;,
0,|s,—1 and 6;|s;. To this aim, it is useful to write the vector of signals in matrix notation
as follows

6, eyt s%;_lml + ... +€§’t_1+ 5%7,5—1— 00+ s
O 0+ ERt-H+1 T - TEReat Epyt ERppt - +0
0, = ) = :
0. 0+ . el 1+ eh i+ epint ... 0
(i . 0 el S e
or equivalently
€ E¢i1 € Ei-1 €n
O=Jg | |+ F+ | | F ||+ |+ Ty
et i ef’ ety el

= Jpepyn + -+ Jiew ter+ Jie + -+ Jpein
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where Jy is a ((H + 1) x (H + 1)) matrix of zeros with ones on the k lower diagonal; .J,
coincides with the identity matrix. For example, for when H =4 and k = 2

00 00O
00 00O
Jo=11 00 0 O
01000
00100

Define 3. = E(ete}); we have an estimated 3. from the news representation . We have that
the first moments are

Et_l(et) = J{Et_l + -+ J}{Et_H

Ey(0y) = Ey1(0;) + k(s¢ — Ey—1(6y))
=E,1(0,) + k(0; + v — E,1(6,))

The second moments are respectively

Yo =FE0:0) =JuX.Jy+ -+ ST+ 2+ S8+ -+ TS Ty

g = E(gt - Et,l(Ot))(Ot - Etfl(gt))/ — JHEEJ]/'—I + s + legji + EE

[1]

E(6; — E4(6:))(0: — E4(6,))
0, — E, 1(0;) — (0 + v, — Ey_1(6,))][0; — E;—1(6;) — k(6 + v, — E;_1(6y))]
60 — Er1(6,)][60: — Er—1(6)]' + E[r(0; + ve — Ey—1(6:))][5(0; + ve — Er1(6,))]

0,1

Sl

— 2% E[0, — E_1(0,)][(0; + v, — E,_1(6,))]

==y + k(S + 2y )k — 259K’

=Zp+Z9(E0 +Z,) N B + ) (Bp + Z) B — 259(Be + E,)7IE,
=Ep—Z9(Ep + E,)'E)

where by construction we have E[0; — E;_1(6,)]v; = 0. The derivations of the implied
moments of the path of monetary policy, 87 = [0;,1,...,0; 5], are quite straightforward as
we need to apply the previous calculation to a linear transformation of 8,. In particular, we
have the future path of monetary policy is given by

Gf:PBt
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where P is a H x (H + 1) matrix that removes the first element of the vector 6, i.e.
10 ... 00
01 0 00
P=
00 ... 01
First and second moments of 67 are then easy to derive. In particular,
EZ - E(Pet - Et—l(P0t>)(P0t - Et_l(POt))' - PE@P/

The expected value of 87 conditional of having received the signals about the deviations
from the policy rule from H and until H — h quarters out is given by

E(9f|st_1, stH_h, ey stH) = FE; 1(0Y) + kpSh(sy — Ey1(6Y))
= Et_1(9§1> + K}hSh(of + v — Et_l(ef))

where rj, = 25} (Sh(Zg + Z,)S;,) " and Sy, is a (h+ 1) x H selection matrix that has ones
on the right most diagonal and zeros elsewhere. In other words, we add signals at different
horizon sequentially, starting form the signal at the longest horizon. For example, at the

longest horizon when h =0, Sy = [0,0, ..., 1]. When h =1,
0O ... 10
51 = {0 .0 1]

As before we can compute the covariance matrix of 87 conditional of having received a subset
of signal signals, which is given by

Epn = Var(Os™", s si') = 2 — 2557 (Sn(Eh + Z0)Sh) T ShEp

C. Decomposing Forward Guidance

In the main text, we claim that the signal representation allows us to decompose the macroe-
conomic effects of forward guidance into two additive interesting components. The first
component represents the sole effects of the change in expectations triggered by forward
guidance (the yellow bars in Figures 4 and 6). The second component captures the effects
of implementing the deviations implied by the forward guidance shocks without announcing
them in advance (the blue bars in Figures 4 and 6). In this section we sketch the proof of
this claim.

It is easier to work with the news representation of the model. The surprise and news
monetary shocks that realize from period t — H through period ¢ can be collected along the
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columns of the matrix below

0 .0 0
gtl gtl_l PR gtl_H
€ &1 7 Sm | (11)
H _H H
| ¢ St Sem |

The elements above the diagonal are shocks that are past at time ¢. The diagonal elements
are the shocks that hit the economy at time ¢. Indeed, the actual deviation from the rule at
time ¢ is given by summing all the diagonal elements of the matrix of shocks above; that is,

H .
=>4 (12)
=0

The elements below the diagonal are those shocks that are known at time ¢ and that will hit
the economy in the future.

The news and surprise shocks in this matrix are obtained from the signal representation
by using equation (7). The response of hours in the baseline economy of truthful forward
guidance (i.e., the black line in Figures 4 and 6) is obtained by assuming that the forward
guidance shock is driven by actual future deviations from the rule (zero noise). In the text,
we also study the response of hours in a alternative scenario (the yellow bars) in which
all forward guidance shocks are driven by noise. This alternative scenario is obtained by
simulating the news representation under the restrictions that the surprise shocks are such

that
—ég—ZEt i (13)

for every t. The other shocks, including the news shocks from the second to the H-th row
of the matrix above, are the same in both the baseline case and in the alternative case.
Denote the infinite moving average representation of our model economy:

hy = CIDh(L) & (14)

where h; denotes hours and &; is the column vector containing all the shocks realized at time
t. In the baseline case, the vector & also includes all the surprise and news shocks in the
first column of the matrix above. In the counterfactual case, the vector of shocks & is the
same except that the surprise shocks are modified by equation (13).

The blue bars for hours in Figures 4 and 6 are constructed by taking the difference of
the response of hours to forward guidance shocks in the baseline (h;), the black line, and in
the alternative scenarios of noise-driven forward guidance (fzt), the yellow bars. In symbols,

0

he—he = @ (L)' ] (2 — &) (15)
0
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£ — Zf:l 5?—;‘ (16)

or (17)

where in the first line we use the infinite average representation of hours, the second line
is obtained by plugging equation (13), and the third line stems from equation (12). So the
difference in hours h; — h; between these two cases can be obtained by simulating the news

H

representation using the actual deviations from the rule 85 = S~ =0 ezf ; as surprise monetary
policy shocks (£Y). This scenario is tantamount to the case of no communication, in which
the central bank does not say anything about its future deviations and it just implements

them over time.
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