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1 Introduction

A growing body of evidence supports the view that monetary policy actions communicate
information about the state of the economy to an imperfectly informed public.! Thus, it
is important for policymakers to understand the implications of this signaling channel for
optimal policy as well as for the value of central bank communication. This paper studies,
both theoretically and empirically, a setting where such a monetary policy signaling channel
arises because the policymaker has more information about economic fundamentals than
private agents.> This assumption captures both the central bank’s private information about
its own policy targets and its access to some confidential data.® In this environment, policy
actions taken in response to fundamentals provide a signal to rational private agents about
those fundamentals.

My analysis is conducted using a standard New Keynesian model with a representative
household and firms that have homogeneous, but imperfect information about the economy’s
exogenous state variables. The baseline setup features two shocks: government demand and a
time-varying target for the gap between actual output and the flexible-price level (or "output

4 This combination of shocks maintains parsimony while reflecting a

target," for brevity).
narrative often seen in the media: private agents can interpret an interest rate cut as a
countercyclical response to economic weakness (lower demand) or as a central bank’s desire
to further boost activity (a higher output target).

For a given monetary policy, I show the precise conditions necessary for the signaling
channel to produce positive responses of inflation and output forecasts to interest rate in-
creases found in Romer and Romer (2000), Campbell et al. (2012), and Nakamura and
Steinsson (2013). In particular, the monetary policy response to demand shocks must not be
strong enough to fully offset the effects of those shocks and the interest rate must be a strong
enough signal of demand. In my setup, this latter condition is satisfied when uncertainty

about demand is high relative to uncertainty about the policy target.’

'Romer and Romer (2000), Campbell et al. (2012), and Nakamura and Steinsson (2013) suggest this
signaling channel as an explanation of their findings that interest rate hikes can have expansionary effects
on forecasts. Melosi (2013) finds that adding an interest rate signaling channel to a dispersed information
DSGE model allows it to better fit the data. Ellingsen and Séderstrom (2001), Erceg and Levin (2003),
and Giirkaynak, Sack, and Swanson (2005) use the signaling channel to explain inflation persistence and the
yield curve’s response to monetary policy.

2Cukierman and Meltzer (1986), Faust and Svensson (2001), Geraats (2007), Walsh (2010), Mertens
(2011), and Berkelmans (2011) are a few examples of papers that have also studied this type of signaling.

3 A central bank can also be better informed due to an advantage in processing publicly available data.

4Similar policy target shocks have been used by Faust and Svensson (2001) and Mertens (2011).

>The recent crisis provides a good example of a time when these conditions were satisfied and, indeed,
the press has interpreted many recent policy actions as indicators of economic strength. A particularly
interesting example is C. Flood’s article, "Fed Discount Rate Rise Sends Recovery Signal," in the Financial



Regarding optimal discretionary interest rate policy in this environment, I show precisely
how the signaling channel creates a link between interest rate accommodation and higher
inflation expectations, leading the policymaker to maintain more stable inflation. In the lan-
guage of New Keynesian models, the signaling effect reduces the stabilization bias typically
associated with a lack of policymaker commitment. This disciplining effect on interest rate
policy is one reason for a central bank to withhold information about the output target in
order to allow the interest rate to be a signal about this target.

Another key contribution of the paper is that I show how the type of information that
is private to the central bank can matter crucially for results.® One key distinguishing
factor is the direction of the relationship between policy actions and inflation expectations
that is generated by the signaling effect under the optimal policy. For example, when the
interest rate serves as a signal about a markup shock rather than about an output target,
a marginally lower interest rate leads agents to have lower beliefs about markups, which
lowers inflation expectations. Thus, a policymaker who cannot commit will choose to be
more accommodative toward markup shocks in the presence of a signaling channel, thus
leading to less stable inflation.” This difference in the effect of signaling on optimal interest
rate setting also leads to differences in the tradeoffs regarding communication. Here, I
find that transparency about markup shocks can indeed be welfare-improving under certain
parameterizations because a lack of transparency leads to an interest rate policy that is
overly accommodative toward markup shocks.®

An additional feature concerning the value of information that emerges in the presence of
a signaling channel is that direct communication is no longer synonymous with the informa-
tion that agents have in equilibrium. A novel implication of this fact can be seen in a third
setup where the interest rate now is a signal about a time-varying inflation target. In this
case, I show that it is beneficial for private agents to be fully informed about the inflation
target, unlike the case of an output target. Despite this, the policymaker should not directly
communicate the inflation target when the interest rate is set without commitment, since
allowing the interest rate to be an indirect signal of the inflation target results in greater

inflation stabilization. Therefore, it is best for the central bank to design a communica-

Times, February 22, 2010, following the February 2010 decision to raise the discount rate. This article came
despite the Federal Reserve’s press release explicitly stating that "the modifications [...] do not signal any
change in the outlook for the economy or for monetary policy."

6Existing studies, which are reviewed in greater detail below, have reached seemingly conflicting con-
clusions regarding the effects of the signaling channel on optimal policy. In this paper, I show that these
differences can arise when the interest rate is assumed to be signaling different types of information.

"Walsh (2010) finds a similar effect, which he calls the "opacity bias," in a different setting.

8This differs from the conclusions reached in studies that do not consider the policy instrument to have
a signaling effect, such as Adam (2007), Angeletos, Tovino, and La’O (2011), and Paciello and Wiederholt
(2014), which are discussed in greater detail below.



tion policy that allows agents to perfectly infer the inflation target from the interest rate.
This result provides an argument against the U.S. Federal Open Market Committee’s recent
decision to publicly announce their inflation target.’

In the presence of an interest rate signaling channel, uncertainty plays a role by altering
the degree to which interest rates influence beliefs about different fundamentals. This implies
an interaction between responses to interest rate surprises and uncertainty levels for which
I present evidence in the empirical part of the paper. This analysis focuses on inflation
forecasts from the Survey of Professional Forecasters published by the Federal Reserve Bank
of Philadelphia. I estimate a slightly positive effect of federal funds rate surprises!® on
inflation forecasts, echoing a result from an earlier sample in Romer and Romer (2000). I
then decompose this overall effect and show that the response is more positive in periods
when forecasters had high uncertainty regarding their previous forecast. In contrast to the
overall effect, this interaction with uncertainty is not naturally generated by competing
explanations, such as a cost channel where higher interest rates raise firms’ financing costs.!!

In a related set of empirical results, I estimate time-varying coefficients measuring the
response of inflation forecasts to general news about inflation. I show that there is substan-
tial variation in this coefficient over time and that it is negatively correlated with forecast
dispersion and positively correlated with subjective uncertainty in a way that is consistent
with the noisy information framework. This adds to the evidence found in Coibion and
Gorodnichenko (2012a) and Coibion and Gorodnichenko (2012b) in support of this frame-
work.

The next subsection reviews the related literature. Section 2 sets up the model. I discuss
equilibrium dynamics under a general linear interest rate rule in Section 3 to build intuition
about the interest rate’s signaling effect. I turn to the main question of optimal interest
rate policy in Section 4 with a discussion on the value of information in Section 5. Section 6
highlights the importance of the type of information being signaled for the results on optimal
interest rate and communication policy, while other extensions of the model are included in
Appendix Appendix C. In Section 7, I present empirical results supporting monetary policy’s

signaling role. Section 8 concludes.

9Note that in this setting, it is possible to create a situation in which agents can perfectly infer the
inflation target from the interest rate. If this is not the case, then a tradeoff may arise that could make some
intermiediate degree of communication about the inflation target optimal.

0These are measured using futures prices following Kuttner (2001).

11T show below that forecasters’ subjective uncertainty is not highly correlated with common indicators of
economic activity.



1.1 Relation to the literature

The signaling channel has appeared in other empirical and theoretical work focusing on the
responses of variables to monetary policy shocks. Romer and Romer (2000), Campbell et al.
(2012), and Nakamura and Steinsson (2013) provide reduced-form estimates of the responses
of survey forecasts and asset prices to monetary policy shocks. Their results show that
increases in interest rates tend to result in small increases in inflation and output forecasts
along with decreases in unemployment forecasts. These authors have suggested the signaling
channel as the driver of these results. Additionally, Romer and Romer (2000) and Sims
(2002) show that this signaling channel may plausibly arise from a central bank informational
advantage by showing that Greenbook forecasts produced by the Federal Reserve Board of
Governors outperform some private forecasts. Melosi (2013) provides structural estimates
in favor of the signaling channel by showing that a model with a policy rate signaling effect
fits U.S. data better than a standard New Keynesian dynamic stochastic general equilibrium
(DSGE) model. The simulations in Melosi (2013) also show that an interest rate signaling
channel can dampen the effects of monetary shocks on inflation.'? On the empirical front, this
paper provides new evidence on the signaling channel’s prediction of an interaction between
forecasters’ subjective uncertainty and responses of forecasts to policy shocks. Previous
empirical work does not exploit time-variation in uncertainty. Section 3 also specifies precise
properties of monetary policy and uncertainty levels that are necessary to produce not just
a dampening but actually expansionary effects of positive interest rate surprises.

The literature examining the question of optimal policy in the presence of a signaling
channel dates back to the seminal work of Cukierman and Meltzer (1986), and a number
of more recent examples include Faust and Svensson (2001), Geraats (2007), Walsh (2010),
Baeriswyl and Cornand (2010), Mertens (2011), and Berkelmans (2011).!* Cukierman and
Meltzer (1986), Faust and Svensson (2001), and Geraats (2007) focus on the effect of the
signaling channel on the average inflation bias when the central bank has a positive average
output target. In this paper, I show how the signaling channel can potentially lessen the
stabilization bias present when there is no average inflation bias. Walsh (2010), Baeriswyl
and Cornand (2010), and Berkelmans (2011) study the signaling channel under dispersed

information using predominantly numerical methods. The paper closest to mine is Mertens

2Ellingsen and Soderstrom (2001), Erceg and Levin (2003), and Giirkaynak, Sack, and Swanson (2005)
use an interest rate signaling effect to explain other features of macroeconomic data, including inflation
persistence and the yield curve’s response to monetary policy.

13There is also a vast literature on optimal monetary policy under other deviations from perfect information
rational expectations. Svensson and Woodford (2003) is one example studying optimal monetary policy when
the central bank and private sector are equally imperfectly informed, while Aoki (2003) and Svensson and
Woodford (2004) examine the case where the central bank has less information than private agents. Gaspar,
Smets, and Vestin (2010) reviews studies on optimal policy when private agents have adaptive expectations.



(2011), where monetary policy is a signal only of policy objectives. My closed-form analysis
sharpens the mechanisms at work behind the numerical results in that paper. Additionally,
my analysis reconciles seemingly disparate conclusions reached in the previous literature.
For example, both Cukierman and Meltzer (1986) and Faust and Svensson (2001) find that
a signaling effect of monetary policy leads to a smaller average inflation bias, while Walsh
(2010) argues that intransparency generates an "opacity bias" that results in less stable
inflation. Here, I analyze different sets of shocks within a unified framework to show that
these differences can be attributed to the type of information that is signaled by the interest
rate. Specifically, I show how the type of information signaled affects the direction of the
link between policy accommodation and inflation expectations, and this, in turn, determines
whether the signaling channel enhances or worsens the stabilization bias under discretionary
interest rate policy.

My results on the tradeoffs affecting central bank communication and the potential ben-
efits of central bank intransparency are consistent with the numerical simulations in Faust
and Svensson (2001), Walsh (2010), and Mertens (2011). However, much like the case with
optimal interest rate policy, the previous literature has reached a variety of conclusions re-
garding communication policy. Cukierman and Meltzer (1986) and Walsh (2010) emphasize
that some level of intransparency can be welfare-improving, while Faust and Svensson (2001)
reports that full transparency is best for the vast majority of the parameter space that is
considered. Relative to these studies, I show how the specific type of information considered
can explain these differences in conclusions.

The tradeoffs concerning communication in this paper differ from those in models where
lack of perfect information is the only friction, such as the classic works of Lucas Jr. (1972)
and Barro (1976). Morris and Shin (2002) and Angeletos and Pavan (2007) are examples of
more recent papers that study the value of communication when agents have dispersed infor-
mation. Adam (2007), Lorenzoni (2010), Angeletos, Iovino, and La’O (2011), and Paciello
and Wiederholt (2014) study this question in richer general equilibrium settings, but without
allowing for a signaling role of monetary policy instruments. A general pattern emerging
from these papers is that, conditional on optimal monetary policy, it is always beneficial
for agents to have more information about shocks that do not move the equilibrium under
complete information away from first-best (such as technology or demand shocks). However,
these papers find that more information about markup shocks is welfare-reducing, since they

drive a wedge between the complete information equilibrium and first-best.!* In contrast

M Adam (2007) and Angeletos, Iovino, and La’O (2011) show this result in settings where private agents’
information sets are exogenous while Paciello and Wiederholt (2014) shows that the result still holds when
agents endogenously choose the precision of their information in a costly information acquisition framework.



to this latter result, I show that when interest rate policy is discretionary and the policy
instrument is a signal to private agents about markup shocks, then it is possible for some
transparency about markup shocks to be welfare-improving. This benefit arises because the
signaling effect of interest rates on beliefs about markups tilts the policy tradeoff in a way
that leads the policymaker to implement an equilibrium that is even farther from first-best.
Moreover, when the interest rate serves as a signal about demand and markups, more trans-
parency about demand turns out to be welfare-reducing, since it strengthens the signaling

effect of interest rates on beliefs about markups.

2 Model

2.1 Setup

I study the signaling channel of monetary policy in a standard New Keynesian economy
with monopolistically competitive firms and sticky prices in the style of Calvo (1983). Fluc-
tuations are driven by an exogenous government spending shock and a shock to the policy
target for the output gap. I assume that the monetary authority has perfect information,
while the representative household and firms have homogeneous but imperfect information
regarding these shocks. Private agents observe shocks perfectly with a one-period lag and get
information about current values from observations of a nominal interest rate that responds
linearly to current state variables. I first describe the model structure and then detail the

information structure and belief formation.

2.1.1 Households

The representative household maximizes utility that is additively separable in time, labor,

and consumption of a composite good made up of a continuum of varieties

> 1 e—1 e—1
maxEZBt U (Cy) =V (Ly)], whereCy = {/ C'jfdj] ,e> 1.
=0 0

The economy is cashless. The household gets profits from all firms, pays a lump sum tax,

and can trade in a riskless nominal one-period bond so that the budget constraint is
1 1
/ Py Cudj + By < Ry 1By + WLy — T} + / I1;.dj.
0 0

Household optimization results in a standard intertemporal Euler equation and an intratem-



poral labor supply relation involving the price of the composite good

P,
Ucy = BRE [Uam 5 ! It]
t+1
Vie _ W
Ucr P’

where 7Z; is a time-t information set to be defined below.

The resulting household demand for each variety j is

P\ ¢
Cjt — (ﬁ) Ct

and the price of the composite good becomes

1

1 1—¢
e[ e]
0

2.1.2 Firms

There is a continuum of firms producing differentiated goods that each maximize profits
subject to demand from the household and government. I assume that the government
consumes the same composite good and allocates its demand across varieties in the same

way as the household. Then, firm j faces total demand of

P\ "
}/}t = (F]t) }/;7

where Y} is aggregate real output defined as

1 .
t

Production technologies are identical across firms and linear in each firms’ labor
Y}t - AL]t

The labor market is perfectly competitive, while firms also receive a constant proportional

subsidy 7 on their wage bills so that each firm’s total cost of production is

Wi
Y (Vi) =(1-71) 1 Vit

Each firm faces a 1 — 6 probability of being able to reset its prices in each period. Firms

that cannot reset prices charge their previous price. Each resetter maximizes the net present



value of profits discounted according to the household’s stochastic discount factor 5* )‘f\—t’“,
where A\, is the Lagrange multiplier on the household’s budget constraint, which reflects

the shadow value of wealth in period t + k.

P = arg mgxkzo (08)" E [ ;: [PYj ik — 0 (Yij)]‘It} :

Since firms employ identical technologies and hire workers from a centralized labor mar-

ket, all resetters choose the same optimal price in a given period (that is, Py =Py V7).

Then, the aggregate price level evolves as

Po=[(1-0)(P) " +0P5]

2.2 Equilibrium conditions

Unless otherwise noted, let lower-case letters represent log deviations from steady-state values
(that is, s = In (X;/X)), and let private agents’ expectations be denoted by zy;, = E [zy|Z,].
Then, log-linearizing the above optimality conditions around the deterministic steady state

leads to two equations characterizing aggregate output and inflation dynamics:

1

Ut = Y1)t — p [it — M1t — O (dt — dt+1\t)] (1)
T = BT + K (2)
14 C ~ o
here d; = 1—— =y — Yr d vyl = —d,.
where a; U+g0< Y)Qu Y=Y — Y, and y; gOzt

d; is an aggregate demand shock that originates from government spending. ; represents
the gap between output and its natural (that is, flexible-price) level, which is determined by
the level of this exogenous source of demand. The coefficients in this log-linearized model
are functions of steady-state values and structural parameters.

UC’ 2 7[7 k= 0 (O-_'_(p) (3)

o =

The first equilibrium condition, (1), stems from the resource constraint and the house-
hold’s Euler equation. The New Keynesian Phillips curve, (2), is derived from firms’ pricing
behavior, labor supply, the resource constraint, and the evolution of aggregate prices.

The natural real rate of interest and the real rate gap in this model are

n _— -~ . n
=0 (dt — dt+1|t) and Ty =% — 7.‘-15—i-1|t — Ty



When the real rate gap is kept at zero, output stays at its natural level. In this model, this
also gives zero inflation.

The model is closed with specifications for the nominal interest rate i; = In (R;/R) and
the shocks. For now, I assume that the interest rate responds linearly to the demand shock,

an output target shock 7;, and private agents’ beliefs:

i = fddt + fd,bdt|t + fgﬂt + fg,b@t\t- (4)

7; is the policymaker’s time-varying target for the output gap. The role of this target will be
clarified when I present the optimal policy problem. For now, it should be apparent that this
shock affects equilibrium output and inflation in a way similar to an exogenous interest rate
shock since it enters the equilibrium conditions only through the interest rate. I will first
characterize the equilibrium under general policy coefficients and later show a case where
optimal discretionary monetary policy results in interest rate setting behavior that matches
the form in (4).
I assume that both shocks follow AR(1) processes

di = pgdi—1 +e€qs, €ip~N (an—it—l) (5)

U = pgYi-1+ €, €5~ N (0> 0127,75_1) : (6)
€at and €, are each serially uncorrelated and uncorrelated with each other. I do not restrict
the stochastic properties of 03, ; and 7, , for now. This timing of the variances is chosen so
that the one-period-ahead conditional distributions of the levels remain normal with known

variances. This timing is also used in the uncertainty shock literature by Bloom (2009).

2.3 Information structure and belief formation

I assume that agents know the structure of the model and the true values of all parameters,
including those in the interest rate rule. However, they do not see the true current values
of shocks. This is only possible if they do not see the true current values of 7, and m;
(otherwise, they can infer d;). A possible microfoundation for this setup is an environment in
which individuals face idiosyncratic shocks and are not aware of current aggregate conditions.
Their choices are made without knowledge of current aggregate outcomes, as these depend on
decisions made simultaneously by other individuals. The appendix provides a derivation of
the equilibrium conditions for aggregate variables in this type of environment and shows that
the only differences are extra terms in the aggregate inflation equation, which depend on the
exogenous shocks €;; and €5,. In the main text, I abstract away from this microfoundation,

using idiosyncratic shocks in order to keep the focus on the signaling channel without the

9



added coordination effect involved when the interest rate acts as a piece of public information
when private agents have dispersed information.

I assume that agents observe lagged state variables perfectly (perhaps through obser-
vations of lagged aggregate outcomes), which mimics the information setup used in Lucas
(1973). They also observe i;, which gives an additional piece of information about the current

state. Formally, the information set of private agents in period ¢ is
I, = {it,dtfl,ytfl,az,atg} .

Meanwhile, I assume that the central bank has perfect information about the entire history
of exogenous variables up to time t. Thus, the central bank’s information advantage is
captured by knowledge of the current shocks {€s¢,€;:}. A benefit of assuming that agents
can see lagged true values is that it limits the signaling effect of the interest rate to current
beliefs and allows me to focus on changes to the short-run incentives that are central to the
optimal discretionary policy problem. I discuss the case where lagged true values cannot be
seen as an extension in Appendix C.1.

Since the shocks are AR(1) and past shocks are perfectly observed, beliefs are optimally
formed through a static Gaussian signal extraction problem. There is a slight departure
due to the dependence of the interest rate on current private agent beliefs. This introduces
circularity into the belief formation problem, which I resolve using the method outlined in
Svensson and Woodford (2003). The basic approach is to posit a form of beliefs and then
to re-express the belief formation problem in terms of errors from expectations made absent
the interest rate signal. In this form, there is no circularity issue and beliefs can be found

using standard signal extraction results. Here, I posit that beliefs take the form

dyje = pgdi—1 + Kay (it — Jfapadi—1 — fapdye — fapgUe—1 — qu,bgt\t) (7)
Utje = Pgli—1 + Ky (it — fapadi—1 — fapdye — fapgUe—1 — fg,bgt\t) (8)

for some K, K, that I will later solve for. Then, writing the evolution of the shocks and
the interest rate in terms of expectational errors defined as =" = x; — E [14|Z; \ i) yields a
standard Gaussian signal extraction problem without the signal being a function of current
beliefs:

dfrr = €qy
gtm“T — Eg’t
i " = (14 fapKar + foKye) (fadi™ + f31") - (9)

10



""P, since it corresponds

The expectational error for the nominal interest rate is denoted by i,
to an interest rate surprise defined as the difference between the observed interest rate and
the one expected based on all period ¢ information except for the interest rate itself. This

signal extraction problem gives

2
err __ fdo_dytfl 1 -SUTp
tt — 12 2 2 2
Ji0ar 1+ 150501+ fapKar + frpK
2
—_err __ fgo—y,t 1 1 -SUTP
Y =

i
fioa,a F fFoe 1+ fapKar + foly, !

err
tlt

librium, they depend on lagged true states and current shocks:

Since xy; = xf] + E [|Z; \ 4], beliefs will fit the form assumed above so that, in equi-

dagl,t—l
dyje = padi—1 + Kay (facas + fyege), Kar = R Tt (10)
d,t—1 + f
d o2, y
_ _ f
Yeit = PyYe—1 + Ky (fdﬁd,t + ngg,t) , Kyp=—5—— 5 . (11)

2%dt—1 2
=+

The AR(1) form of d; and g, then implies that dy s = pfjdﬂt and Yyyne = pggjﬂt.

Note the following properties of belief formation.

L. fadwye + [yl = fadi + fyy:  Since the sum on the right can be perfectly inferred
from 7;, the belief formation process can be understood as agents observing a linear
combination of two unknown shocks and assigning a portion of this value to each
shock. The relative fraction assigned to each underlying shock depends on the relative

importance of that shock in the sum.

2 K d,t __ fd Ud t—1,
’ Kﬂ t f go y t—1 )
demand shock when the interest rate rule responds relatively more to demand shocks

(;—Z is high) or when the demand shock is more variable (M is high). When agents
g,t—1

are relatively more unsure about the current demand level versus the central bank’s

This states that relatively more of the observed sum is attributed to a

output target, they find it likely that the policy surprise is due mostly to a change in

demand conditions.

3 Equilibrium dynamics

The model is described by the system of equations summarizing private agent optimization
((1), (2)), policy (equation (4)), shock evolution ((5), (6)), and beliefs ((10) and (11)). This

11



can be solved by conjecturing that 7; and 7; are linear in the true states and current private
agent beliefs {dt,gjt,dﬂt,gjﬂt} with unknown coefficients.!> This allows Uir1pe and mqp to
be expressed in terms of current beliefs. Then, substituting (4) into (1) and (2) gives two
equations in terms of {dt, Uz, dyje, gjﬂt} , which are used to solve for the unknown coefficients.

With this linear solution, the response of a given outcome z; to the two structural shocks

can each be broken down into three parts

dl’t Oa:t 8:17,5 dgjt\t Oa:t ddﬂt

dﬁg,t B a_gt 8?3t|t dﬁg,t adt|t dég,t
dl’t Gmt 8xt ddt|t 4 81’,5 dgt\t

ded,t B adt 8dt|t ded,t a@t\t dﬁd,t.

The first term captures the direct effects of shocks on equilibrium conditions or the interest
rate. The last two terms capture an indirect expectational effect that works through both the
interest rate’s response to private agents’ beliefs and through forward-looking terms in the
equilibrium conditions stemming from consumption smoothing, Calvo pricing mechanisms,
and the autocorrelated nature of the exogenous states. This expectational effect is altered
when information becomes imperfect. In the perfect information case, beliefs are correct,

so Wt — i _ 1 apq e _ dd 1, while Dy Bt (). With a monetary policy

deg,t deg ¢ deq,t Fd,t deg,t deq.
signaling channel, the expectational effects of the two shocks "spill over" into each other.
Thus, one shock can have effects that resemble those of other shock(s).

The marginal responses of forecasts behave similarly:

ATy _ (% n (9%&) Ay N (% n 8xt) ddy
deg Py Oye Oy ) degy 4\ ad, Odyy ) degy
dripae Oxy Oy '\ ddy Or,  Oxy \ dije
deas . <8_dt i adtlt) deay M <8_yt " 8?Jt|t> deqs

In the remainder of this section, I examine the comovement between current outcomes,
forecasts, and interest rate surprises. I build intuition for the general case by first examining

two benchmark cases.

3.1 Benchmark 1: Perfect information

The model above can be made isomorphic to a perfect information model with an exogenous
interest rate shock by allowing agents to perfectly observe the current value of d;. Then,

with f; # 0, the interest rate perfectly reveals y; so that beliefs are correct in equilibrium

15 An interest rate rule of the form given in (4) will not guarantee that this equilibrium is unique. The
latter part of Corollary 1 illustrates how the interest rate rule can be rewritten to guarantee uniqueness while
maintaining the same equilibrium behavior vis-a-vis the state variables.

12



and interest rate behavior simplifies to

it = (fa+ fap) de + (fg + fg0) 2

Then, the interest rate surprise reduces to a scaled output target shock:

it = (fg + fab) €.

Since agents are perfectly informed after observing i;, the resulting responses of outcomes
to the interest rate surprise are the same as those under perfect information. In other
words, this case gives a model that is isomorphic to a perfect information model in which
(f5 + fap) e is an autocorrelated exogenous component of the nominal interest rate. To get
impulse responses with the usual signs, I make the following assumption that the shocks are

not too persistent.'®

Assumption 1 p,, p; € [0,p) where p < 6. (See the appendix for the evact expression for
p-)

Under Assumption 1, the familiar perfect information channels of a positive interest rate
surprise are at work. First, it raises the current real rate gap, which lowers the current
output gap and inflation, holding expectations fixed:

dry (1= pg) (1= Bpy)

Surp — — > 0.
i (1= p;) (1= Bpy) — 5py

Secondly, the persistent nature of the output target shock means that future real interest

rate gaps also increase following a positive interest rate surprise, which lowers expectations

of future output gaps and inflation:

d@tﬂ\t % (1 - ﬁpg)

dig"" Y(L=py) (L= Bpy) = 50y —
d7Tt+1\t p

— sy = — Py 5 — <0
dii™ (= 0,) (1= Bry) — Ery

In sum, both the current real rate gap and future expectations channels lower the current

16This assumption becomes unnecessary if the interest rate is written in a form that guarantees determi-
nacy, as in the latter part of Corollary 1.
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output gap and inflation after a positive interest rate surprise:

dgt _ _ %(1_5pg) <0
dig™™" (L= py) (1= Bpy) = 5py
dm__ _ o <0

di;"™ (1= py) (1= Bpy) — 5py
The properties of this benchmark that contrast with the cases below are that: (1) both

the current and forecasted output gap and inflation respond negatively to an interest rate

9d,t—1

surprise, (2) responses do not vary with —
gi—1

, and (3) responses do not depend on policy

response coefficients.

3.2 Benchmark 2: The policymaker perfectly offsets r}

For this case, recall that fluctuations in the natural real rate affect the equilibrium output
gap and inflation only if they are passed through to fluctuations in the real rate gap. The
policymaker can prevent this by setting f; = o and f;, = —op, so that the nominal interest

rate follows:
i =1y + [yl + fgolie-

This creates an equilibrium where there are no fluctuations directly related to changes in d;
o OB _ O _ Om _ Om : :

or dy; (that is, 5it = Wgﬁt = 55 = W’;ﬁt = 0). Endogenous variables will depend only on

changes in the output target and agents’ belief about its current level. However, demand

shocks still move the nominal interest rate and therefore affect outcomes indirectly through

agents’ belief about the output target.

Here, the responses of a given outcome x; to the shocks become

dl‘t axt axt dgt‘t
= — — and = — s
dﬁg,t oy, 8yt|t dﬁg,t ded,t a?/t\t dEd,t

d..'lﬁ't - afL't dgt\t

while the interest rate surprise is linear in the two shocks

-SUTP

Uy = Lg€dt T Ly€qt-

Since the interest rate surprise is now made up of two independent shocks, there are two
ways to characterize how the output gap or inflation move with interest rate surprises. I

can look at the "response" of some outcome z; to an interest rate surprise conditional on a
dai/des t
dis"P [des ¢

shock to s € {d,y}, using the ratio

.surp
Covt,l(zt,zt )

.surp
Vari_1 (zt )

. Alternatively, I can also look at the statistic

for a given outcome variable x;. This scaled covariance is analogous to the
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statistic estimated by OLS regressions of x; on interest rate surprises, with the exception
that one-period-ahead conditional moments are used, due to the presence of time-varying
uncertainty.

The following three sets of coefficient restrictions help me to sign responses:
Assumption 2 f; <0, f; + f3,, <0
Assumption 3 f; <0, fz5 < —p; (1= Bpy+ 5+ 8) f3, pa € (0,05 (1 — Bpy + £+ 5))

Assumption 4 f; <0, f3, < —p; <1 + ﬁ) I3, pa € <O,pg (1 + ﬁ)) :

The first of these assumptions can be understood as policy responding the "right way"
to output target shocks. Holding beliefs constant, f; < 0 means that the nominal interest
rate is lower when the output target is high. Additionally, f; + f;, < 0 ensures that an
output target shock enters positively into the interest rate surprise. The second and third
assumptions place successively tighter bounds on the nominal rate’s response to agents’
beliefs about the output target and analogous bounds on p,.

Turning first to the responses under each individual shock, I obtain the following:

. di;""? di;""?
1. Under Assumption 2, G =l < 0<tqg= derr
. dmy/deg ¢ dmy/deg ¢ . .
2. Under Assumptions 1 and 3, —wwp—=— < 0 and —=wp =~ < 0; both increase with
7odiy " deg q diy, " [ deg ¢ ’
0_2
d,t—1
U%,tfl
. diji/d diji/deg . .
3. Under Assumptions 1 and 4, —2ddr () and -Z/der () both increase with
Vodiy " deg q diy " deg ¢ )
0.2
dt—1
U?j,tfl

The main departure from the perfect information benchmark is the responses’ dependence
on the relative uncertainty % In this case, interest rate policy ensures that the true level
and agents’ belief about demand have no direct impact on current or future outcomes. Thus,
a positive interest rate surprise (stemming from either shock) is attributed by private agents
partly to an increase in demand, which has no effect in equilibrium, and partly to a decrease
in the output target, which has a persistent contractionary effect. Then, the net effect is
always negative but is weaker when more of the interest rate surprise is attributed to a change
in demand. In this information structure, this occurs when uncertainty about demand is high
relative to uncertainty about the output target.

Turning to the scaled conditional covariance between outcomes and interest rate surprises,

I obtain the following under Assumptions 1 and 2:
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Cov(ms,is""™P o2,
- ( t))—>0asag’t1—>oo.The

g,t—1

Covg_1 (Wt,i:urp) <0 dis i . .o,
T Sy — anda 1S 1mcreasing in : .
Vari_1 (if“rp) o) 01277,5,1 Var(ifurp

same is true for the output gap.

1.

Cov(mppnpei; "™ .. . . ok Cov(mygntriz 7
2. Covlmesny i) Tl ) < 0 and is increasing in -5 (roseis )
Var(zt )

. — 00. The
TGi—1 Var(ifurp
same is true for output gap forecasts.

‘7?1 t—1
) 95,61

This statistic is a weighted average of the conditional responses to individual shocks, so

0'2 .
the above intuition continues to hold. Furthermore, a higher —*= also results in greater

g,t—1

. . . .. o2, Covy—1(me,i;""?)
weight on the responses to €4, in this statistic. As 2= — 00, ——— v’
dt Tgt—1 T Varea (i"7)

, which is zero in this limit. The same logic applies to the output gap.

approaches

dmy/deg 4
difurp/ded,t

3.3 The general case

For the general case, I use the following restrictions on the interest rate’s response to demand

and agents’ belief about the current demand level:
Assumption 5 f; >0, fqo+ fap € (0,0 (1 —py))

Assumption 6 f; >0, fq+ fap € <O70' (% — Pd)) _

The additional feature present under Assumption 5 is that the policy response to demand
shocks is inadequate. Crucially, this allows demand shocks to retain an expansionary effect
in equilibrium. Since the signaling effect of an interest rate surprise is a weighted average
of the effects of each of the underlying shocks, this allows a positive interest rate surprise to
produce an expansionary signaling effect. This can overtake the direct contractionary effect
and result in a net expansion following a positive interest rate surprise when the interest
rate is a strong enough signal of demand shocks. Again, this occurs when uncertainty about

demand is relatively high.

Proposition 1 Given Assumptions 1, 2, and 5

dig"? _ it
I'TZN—L@<O<Ld_dEd7t'
die /deqs drt /deq,s ” Ta
2. T dens d T ey, €O both be positive for large =
2
dgt/dEQ,t dﬂ't/d&:g’t cq e M .
3. T dern d T ey Can both be positive for large = under Assumption 6.
Cov—1(mei]""?) . . - " o2,
. ——————% 18 increasing in —— and can be positive for a large enough . The
p o

Vll?"tfl(lt g1 0127,1:71
same 1is true for the output gap.
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5 A ynje/deas  dGein)e/deg,t d dmyyp|i/deq s dmy i pye/deg,t
AT ey, AP Jdeg. G Jdeq, . AT Jdeg

can all be positive and are increas-

. . ”Zt 1
mg in ——.
Tg,t—1

Cov(Tth‘t,ifqu) .. . . od, ., T3i1
6. ——Fa— 1S increasing in —— and can be positive for a large enough —+—. The
Var(zt ) Og.t—-1 Og,t—1

same 18 true for output gap forecasts.

Proof. See Appendix Appendix D. m

This mechanism has been discussed as one reason behind the expansionary responses
of inflation and unemployment forecasts to positive interest rate surprises found in Romer
and Romer (2000) and Campbell et al. (2012). The results presented here also imply that
this is particularly likely to be the case when (i) the policy response to demand shocks is
inadequate and (ii) private agents are relatively more uncertain about the strength of the
economy than they are about policy objectives. The recent recession was a period of time
when these conditions were plausibly present, since the zero lower bound was reached at
the end of 2008 and there is also evidence of high economic uncertainty prior to and during
the recession, as in the influential work by Bloom (2009). Section 7.3 also presents new
empirical evidence that the response of inflation forecasts to interest rate surprises is indeed

more positive when forecasters’ subjective uncertainty is high.

4 Optimal discretionary interest rate policy

In this section, I turn to the question of optimal discretionary interest rate policy. For
now, I do not allow the central bank to directly communicate its additional information to
the public aside from the information embodied in the interest rate. To retain tractability, I
limit attention to the case where variances are constant parameters and consider comparative
statics with respect to the relative variance Z—% I discuss the implications of time-varying
uncertainty for the optimal policy problem in Appendix C.2. I also assume that a constant
wage bill subsidy 7 offsets the average monopolist pricing inefficiency and that there is
no inherited initial price dispersion so that the nonstochastic steady state is undistorted.
Then, a second-order log approximation around this steady state gives the result that the

household’s lifetime utility from date t, onwards is proportional to

> 1/ €
Usy oo = — Z@t t0§ <y§ + wa) + h.o.t.,

t=to

where I've omitted constants and terms independent of policy.
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I then consider a monetary authority that maximizes welfare derived from household
utility but with an exogenous time-varying target for the output gap. A similar time-varying
target has been used in other papers studying optimal policy in an imperfect information
context such as Mertens (2011) and Faust and Svensson (2001). My preferred interpretation
of this shock is that it summarizes exogenous variation in the wedge between the efficient
and flexible-price levels of output coming from real imperfections not otherwise captured by
the model. Then, 7, — 7; represents the deviation of actual output from the efficient level.!”

The policymaker’s objective is to minimize the following loss:

Ly = E,° tzztoﬁt_toé ((??t — )" + %77?) ; (12)
where the expectation is evaluated according to his own information set.'® In the imperfect
information case, a policymaker who cannot commit chooses the interest rate level in each
period to minimize this loss, subject to equilibrium conditions (1) and (2), while taking as
given private agents’ beliefs regarding future policy and the form of current policy.

Beliefs regarding future policy affect the expectations {gjtﬂ‘t,mﬂu}. Since the equi-
librium of this model is linear in {dt,dt|t,yt,yt|t}, while beliefs satisfy dy 1, = pyd;; and

Y1t = PyYtits these expectations can be written in matrix form as

J d
Yerrpe | _ M _t+1|t ' (13)
Te+1)t Y1)t
In equilibrium, the coefficients in the matrix M are determined by the behavior of future nom-
inal interest rates. Then, taking private agents’ beliefs about future policy as given amounts

to the policymaker’s recognizing that his current choice does not have an effect on this M

matrix. However, the policymaker does recognize that his choice impacts {dtﬂ‘t, gm”} and

17Tt can also represent exogenous variation in a politically motivated output target that differs from the
socially efficient level. In this case, the results below still reflect the central bank’s preferred policies, which
may no longer maximize social welfare.

18The model equations can be rearranged into the canonical form studied in Clarida, Gali, and Gertler
(1999), where the output target shock shows up as both a positive markup shock and a negative component
of the demand shock:

1 N 2 €
ECBZBt t0§ ( thB) +EW§)
t=to
- - 1.
thB = yfﬁ“ pu [Zt — 41|t — T?B]

~CB
T = B + KGy © + v,

where 572 =g, — g1, r{P =0 [(de — §2) = (des1t — Tes1ye)] and vy = K.
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therefore has a marginal effect on current outcomes through {gtﬂ‘t, 7Tt+1|t}. This is in con-
trast to the discretionary policy problem under perfect information where the interest rate
level chosen today has zero impact on these expectations.

Unlike the perfect information case, private agents’ beliefs about the form of current
policy are now relevant since they determine private agents’ belief formation process. When

private agents suppose that the current equilibrium interest rate is set according to

iy = fady + fapdye + fy¥e + fobe, (14)

then beliefs follow the forms in (7) and (8) with constant K, and K. This can be solved
to yield the following expressions of beliefs as functions of the nominal interest rate 7, and

lagged states:

Jo+ Jap _ Ky :
dye = ’ Kypgdi—1 — Kap;Ge—1) + i 15
T+ Kyfyn + Kafap (Kpadios = Kapytis) L+ Ky fyo + Kafay ' (13
~ Ja+ fap _ K; .
- : Kap- i1 — Kopydi1) + i, 16
bee = 7 YKo fon+ Kafus ( dPyYt-1 gPa% 1) 1+ Ky fop + Kafas t (16)
as shown above, where K; and K take the forms given in (10) and (11), with Z—é now being

constant. Then, a policymaker who takes private agents’ beliefs about current policy as

given faces the following effects on beliefs d;; and

ddy, Ky _ %

div T Kofyot Kafav gy (fa+ fan) B+ Fy (fy+ o)
dYs Ky _ [

diy L+ Kylyp+ Kafap f, (fd+fd,b)%§+fy (F5 + fan)

To summarize, a policymaker who can only choose the interest rate level today and cannot
make credible commitments about policy does not internalize the effect of equilibrium interest
rate behavior on the following: (i) the M matrix, which captures the relationship between
beliefs about state variables and expectations {gjt+1|t, 7Tt+1‘t} , as well as (ii) the coefficients
governing belief formation. This is consistent with the notion that the policymaker chooses
the current level of the nominal interest rate but cannot commit to implementing a particular
interest rate rule. The main difference from the perfect information discretionary policy
problem is that the policymaker recognizes that the current interest rate choice can influence
expectations of future outcomes through the beliefs in the vector [dt|t gtﬂ, in (13).

Because the policymaker minimizes a quadratic loss function subject to linear constraints

of the same form in each period, the optimal interest rate ends up having the same form as
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(14). Solving for an equilibrium under optimal policy then consists of finding a solution to
the set of linear stochastic difference equations given by (1), (2), (5), (6), (15), (16), and the

policymaker’s optimality condition.

Proposition 2 The policymaker’s optimality condition is

- €
Y — Y =—-—R-m (17)
K
dry  Omy Om G
__ dig it Yt|t At . .7 .
where R = - = —————— _ in equilibrium.
gt e 85 et q
dig iy aﬂtu dit

R is itself a function of interest rate response coefficients and is therefore determined in
equilibrium. There may be multiple equilibrium values for R, but those that are real and

nonnegative exhibit the following properties when Bp; > 0:
1. R e [/‘i, 1_—%:| .

2
2. R s decreasing in —%.
%y

) _
o As j—g — 00, ng‘ — 0 and R — k. In this limit, the interest rate has no effect on
7]

Yy and the optimality condition for policy becomes equivalent to that in the case

of perfect information.

) _
o As Z—%‘ — 0, d;/;lt — fg-:fg,b and R — 1_’;&7. In this limit, the interest rate has
its largest possible effect on ¥y, and the optimality condition for policy becomes

equivalent to that in the case of commitment to a rule of the form
i =1+ f5Ye + S5 o
where the policymaker chooses { I gb}
3. When =0 or p; =0, R = in equilibrium for any value of Z—%

This optimality condition is the one obtained under any initial supposed private sector
belief about current policy that results in beliefs dy, and i, that are linear ini,. One particular
implication of this is that the same condition is obtained if the private sector initially supposed

that the interest rate also responds linearly to the entire history of past fundamentals.

Proof. See Appendix Appendix D. m
The optimal policy results in this environment can be understood by noting that R is the

slope of the policymaker’s short-run tradeoff between inflation and deviations of the output
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gap from its target. Note that since there is a one-to-one mapping between the nominal
interest rate and g, through (1), the policymaker’s problem can be recast as one in which he
chooses ¢, directly subject to (2), which I rewrite here in terms of the output gap deviation

from its target:

T = BTy + K (Jr — Ue) + Ke.
In the perfect information setting, the discretionary policymaker has no impact on ).
Therefore, the inflation-output tradeoff given by the slope of this constraint is

o 87&/32}

PI _
R = 05:)0i;

When the policymaker has an information advantage, any change in 7, now requires a
change in 4;, which impacts the expectation 7., through beliefs. This changes the slope of

the policymaker’s constraint to

omy Omy ddyje Ay st
it Bdt‘t dit th‘t dit
ey 7y ddye A eyt
it 8dt\t dig 6gt\t dit

R:

Thus, the policymaker’s optimality condition retains the same form as the perfect information
setting. The key difference is that the slope R governing this ratio now depends crucially
on the interest rate’s signaling effects.

Under the optimal policy, R depends only on the interest rate’s signal about the output
target and not about demand. This is because the demand level directly impacts only the
natural real rate, which the policymaker is able to perfectly neutralize so that in equilibrium,
it will be the case that <9ad_7;tt = ‘%Tt = 0. The interest rate still affects dy;, but this does not
translate into an effect on inflation expectations. On the other hand, changes in the true

level and belief about the output target will affect inflation expectations under the optimal
policy because they cannot be perfectly offset by interest rate policy. Thus, what ultimately
matters for optimal policy is how much influence policy actions have on this belief.

Solving for the equilibrium value of R reveals that R > R’!, meaning that it is optimal to
maintain smaller inflation deviations relative to output deviations when policy has a signaling
effect on 7,;. This reduces the usual stabilization bias that occurs in perfect information
New Keynesian models where short-run inflation fluctuations are inefficiently large when a
policymaker is not able to commit. As uncertainty about the output target grows relative
to uncertainty about demand shocks, policy’s signaling effect on #;; becomes larger and this
stabilization bias is further reduced.

At the limits of the interest rate’s influence on beliefs, the optimal discretionary policy
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in this imperfect information model corresponds with some familiar benchmarks. When
Z%f — 00, the interest rate has no effect on beliefs about the output target shock, and the
optimal discretionary policy under imperfect information coincides with that under perfect
information. When Z—§ — 0, the interest rate has its largest possible effect on beliefs about
the output target sho?ék, and the optimal discretionary policy coincides with the one chosen
by a policymaker who can commit to an interest rate rule of the form given above. In
other words, there is no benefit to this particular type of commitment at this limit. In this
example, the optimal discretionary policy at this limit also coincides with the optimal policy
under perfect information when the policymaker can commit to a rule of the form considered

in section 4.2.1 of Clarida, Gali, and Gertler (1999), which is
iw=r1; + [0

Lastly, the equilibrium ratio R does not depend on relative variance levels in the special

cases where Bp; = 0.

1. When p; = 0, future output target levels become unforecastable. The interest rate’s
signaling effect is then only on agents’ belief about the current output target, which

has no impact on inflation expectations.

2. When g = 0, inflation expectations no longer affect the current policy tradeoff since
prices are set by firms that only consider current profits. Note that the key discount
factor that [ is capturing in this special case is the one used by firms in their price-

setting decision.

The stationary equilibrium under this optimality condition features an output gap and

inflation, which are linear in g; and 7,

. Re _ ReBpy ~ (18)
ST TR T (1= Bpy + Re) (1 + Re)
K KBpy _
Tt Y yt|t' (19)

= Js +
1+ RN (1—Bp; + Re) (1+ Re)
The next result characterizes the interest rate that implements this equilibrium.

Corollary 1 A nominal interest rate that can implement this policy is given by
it =1y + fy (R)Jr + f75 (R) Gege-

The interest rate moves one-for-one with the natural rate of interest, while f; and f7, are

2
functions of % through R. This interest rate behavior matches that assumed in the second
Yy
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benchmark case above with coefficients on 4, and iy, that satisfy Assumption 3. The exact
expressions for the functions fy () and fr, (-) are given in Appendiz Appendiz D.
This can be compared to the nominal interest rate under optimal discretionary policy in

the perfect information case, which can be written as
-+, PT n * * —
i =i+ (fy (k) + £55 () B

To ensure unique implementation, the interest rate specification can be augmented by a

term that reacts more than one-for-one to deviations of inflation from its intended path:
iy =17+ (fy (R) = 6:Ly) G + (f34 (R) — 6:Lyp) Gaps + bt

where I'y, 'y, are the coefficients on 3, and iy, in the equilibrium solution for . Choosing
o, > 1 ensures that the intended equilibrium is the unique solution in the system of equations
defined by this expression along with (1), (2), (5), (6), (15), and (16).

Proof. See Appendix Appendix D. m
A necessary element in these results is that the policymaker has an information advantage
regarding a state variable that has some persistence and creates an inflation-output tradeoff
for the policymaker. Without these features, the current interest rate level cannot affect
expectations {gjtﬂ‘t, 7rt+1‘t} and optimal policy becomes invariant to the signaling channel.
To be precise, consider a model with a more general set of shocks. I denote the set of
exogenous state variables with a vector z; that evolves as a VAR(1) process with independent

shocks:
7z = Yz, 1+ e, e ~iid N (0,X), where X is diagonal.

I partition this vector into two subvectors z ¢, 2+, where z ; is perfectly observed by private
agents while they can only see the true value of z,; with a lag. I impose T;2 = 0 so that
forecasts z; 44 do not depend on zy,,. I also assume that the eigenvalues of Y are less
than one in absolute value.

Again, the central bank’s information advantage is that it can observe the current z,,
while private agents cannot. I then let private agents suppose that the interest rate i; is
linear in {Zl,t7 Zot, z2,t|t}, which is the case under the optimal discretionary policy. Let the

equilibrium conditions in this model be

1
OB _ ~CB - = _
Y = Y — P (Zt - 7Tt+1|t) + 252 + Sy pZo )t

o ~CB p— —
Ty = By + K87 7 + Bz + ExpZogem,
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where I now use 7“7 to denote the welfare-relevant output gap under this alternate config-

uration of shocks. Then, I obtain the following;:

Proposition 3 Suppose that changes in zy; and zyy, do not impose an output-inflation
tradeoff. That is, suppose that E;, = 0 and E;z; = B 121, so that only z,, enters into the

inflation equilibrium condition. Then, the equilibrium under the discretionary optimal policy

dgcP _ dm __ dge'B _ _dm
dzo ¢ dzo dzg 14 dzg 1|¢

same as the perfect information case:

features = 0, while the policymaker’s optimality condition is the

§oP = —em,.

Proof. See Appendix Appendix D. =

In the language of New Keynesian models, this result shows that if the policymaker only
has an information advantage regarding shocks to demand or to the natural real rate while
not having superior knowledge regarding markup shocks, then the policymaker optimally
maintains the same ratio between output gap and inflation deviations as in the perfect infor-
mation case. While changes in the interest rate still have a signaling effect on private agents’
beliefs z,;, the optimal policy is such that these beliefs do not factor into inflation expec-

tations and, thus, the policymaker’s inflation-output tradeoff is unchanged in equilibrium.

5 The value of information

In this section, I consider whether it would be beneficial for the policymaker to directly
communicate information to private agents. I will first compare the welfare losses under the
two extremes of no communication and full communication. Later in this section, I examine
the case of partial communication.

The no communication case is the one analyzed above, where the policymaker can only
choose the interest rate under the given asymmetric information structure. Under full com-
munication, the central bank costlessly and noiselessly discloses the true values of both
current exogenous states {d;,7;} to all private agents so that they are perfectly informed.
In each case, I presume that the central bank is implementing the optimal discretionary
interest rate policy. Thus, the loss under no communication can be evaluated using the
equilibrium shown in the previous section. Meanwhile, optimal discretionary policy under

full communication is equivalent to the perfect information case, which is characterized by

“pr PI
Yy — Y= —€T, .
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Substituting this into (2) and solving forward gives the equilibrium solutions

~PI - —ER - PI _ K

= and T = ———7;.
Y Yt 1— Bp, —f-f:liyt ¢ 1 Bp, _’_a{yt

The period t welfare loss consists of a current-period loss and an expected future loss

1r,. € > sl /. _ €
Ly = 5 (G —50)° + Eﬂf] +E;P Z s t§ ((?/s — )" + E”?)
< —~ - s=t+1
l N ~~ J/
t BEFBLi11

Proposition 4 Under an equilibrium where R > 0,

1. The expected future loss is always higher under full communication

B B pPI
EfPLi < EY L

2. The current-period loss under no communication may be higher or lower than the

full communication case. The difference depends on the current realizations of shocks

{Ed,ta Egj,t}-

Proof. See Appendix Appendix D. m

It is important to note here that the gains from no communication relative to full com-
munication come from two distinct sources. The first is the reduction in the stabilization
bias discussed in the previous section. However, even absent an effect on interest rate policy,
there is a second channel through which imperfect information results in smaller inflation
and output fluctuations. To understand this better, first note that the policymaker is always
able to fully offset the effects of changes in demand. Now, consider a positive shock to the
output target that leads the policymaker to boost output by lowering the interest rate. The
inflation fluctuations created by this action depend on both its impact on current marginal
costs and firms’ forecasts of future marginal costs. In the perfect information setting, these
components move in tandem. When firms are imperfectly informed, their forecasts of future
marginal costs depend on beliefs about the output target, which now move less than one-
for-one with true output target shocks while also responding to demand shocks. Thus, for
a given deviation of output away from its efficient level, the resulting inflation fluctuation is
spread across both shocks and ends up being smaller on average. As an extreme example,
suppose that after setting the interest rate, the central bank can directly manipulate beliefs
by choosing any value of 7;. Then, it is clear from the equilibrium in (18) and (19) that it

will choose #;; in a way that offsets ;. Maintaining imperfect information helps the policy-
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maker to get closer to this ideal. These two benefits of not communicating are summarized

in the following corollary.

Corollary 2 To isolate the benefit from a smaller stabilization bias, I exogenously impose

that §ss = ys for s >t in evaluating the welfare losses. In this case,

EFBL 0 <EFPLEL forR e |:K,, L] .
1 — Bpy
To isolate the benefit of beliefs that do not correlate perfectly with true states, I exogenously

mmpose R = k. In this case,

CB CB pPI
By "L S EyULy,

when VartCB (§S|S) < VaTtCB (Js) and C’orrtCB (ys‘s,yjs) <1 fors>t,
which is satisfied in this model.

Proof. See Appendix Appendix D. =

As a second exercise, I now consider partial communication where the central bank per-
fectly communicates the true value of one of the current exogenous states to private agents.
The true value of the remaining exogenous state is then perfectly inferred from the interest
rate so that all agents are perfectly informed in equilibrium. However, the interest rate
retains a signaling effect on private agents’ beliefs, since it is used to infer the remaining
exogenous state, which was not directly communicated.

I first consider the case of the central bank communicating the true level of demand to

agents. With d; known, private agents infer the output target from the interest rate as

it — (fa+ fap) di
Jg+ fob '

Yejt =

dygye 1
dic "~ fg+fge
the interest rate, although beliefs will be correct in equilibrium. This maximizes the mar-

Thus, a discretionary policymaker still faces a signaling effect of when choosing

ginal effect of the discretionary policymaker’s interest rate choice on inflation expectations

and results in an inflation-output tradeoff characterized by R = 1_’;%. This achieves the
largest possible reduction in the stabilization bias through the signaling channel and raises
welfare compared to both the no communication and full communication cases. However,
because agents are perfectly informed in equilibrium, beliefs about the output target will now
move in sync with true shocks, which lowers welfare compared with the no communication
case. On net, partial communication of only the demand shock is always preferable to full

communication but is not unambiguously preferable to no communication.
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Proposition 5 In an equilibrium where R > 0 and with partial communication of only the

demand shock denoted by a ¢ superscript,

1. Both the current and expected future welfare losses are higher under full communication

than under partial communication of only the demand shock:

EFBLE < EZPLPL and 18 <1 for any realization of shocks {eqy, egs} -

2. The expected future welfare loss under no communication may be higher or lower than
under partial communication of only the demand shock. The difference cannot be un-

ambiguously signed and depends on parameter values.

3. The current-period loss under no commaunication may be higher or lower than under
partial communication of only the demand shock. The difference depends on the current

realizations of shocks {€qs, €5} even for a fived set of parameter values.

Proof. See Appendix Appendix D. m

The second case of communication of only the true current output target results in the
same optimal discretionary interest rate policy and welfare loss as full communication. In this
case, the interest rate’s signaling effect is only on agents’ beliefs about demand, which makes
agents perfectly informed in equilibrium and leaves optimal interest rate policy unaffected,
as discussed in Section 4.

The fact that the current period loss is not unambiguously lower under no communication
or communication of only d; for a fixed set of parameters implies that this choice features
time inconsistency. For a fixed set of parameter values, the central bank always wants to
commit to one of these communication policies for future periods. However, there are possible
realizations of shocks that make the alternate communication policy preferable after taking
into account current welfare, which would go against the policymaker’s commitment. This
property also suggests that a full analysis of optimal discretionary communication policy in
this setting would involve private agents’ beliefs that are formed by a non-Gaussian signal
extraction problem. When it is optimal for the policymaker to communicate only in certain

states, then a decision to withhold information is itself informative.

6 Alternate setups

In this section, I consider a central bank that has private information about an inflation

target or a markup shock rather than an output target. This distinction turns out to be
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quite important for assessing the value of information. In the case of a markup shock, the

results about the optimal interest rate policy are also altered.

6.1 Signaling about an inflation target

In this subsection, I now suppose that the policy objective in (12) is replaced with

SN V- _
Ly = EtCoBZﬁt t0§ (yt2+ E(Wt —Wt)Q)

t=to

where T, = pTi1 + €r4, €xe~ N (0,02, 1) m, (20)

with ez, being serially uncorrelated and uncorrelated with €;,. All other aspects of the
setup remain parallel with the baseline case of an output target. In particular, the central
bank continues to have perfect information, while the information set of private agents is
T, = {it,d" 7t b, ot )

For equ1hbr1um dynamics under a general linear interest rate rule, suppose that the
interest rate in (4) is replaced with the following expression, which is now linear in the

inflation target along with beliefs about the inflation target:

i = fads + fapdee + [2Te + frpToe-

Then, belief formation mirrors the baseline case with

Udt 1
dyz
dt\t = pgdi—1 + % (fa€dt + frert)
fd d,t—1 + fﬂ'
K
_ I=
Tyt = PzTt—1 + T (fa€ar + frent) -
fd d,t—1 + fﬂ'
Kx ¢

The equilibrium is now characterized by the system of equations given by (1), (2), (5),
and (20) along with the above policy rule and belief formation equations. Since 7; and 7y,
enter into this system of equations in the exact same way as 7, and 7, in the baseline model,
the results related to the output target in Section 3 continue to hold here with the inflation
target.

For the optimal discretionary policy problem, assuming that the variances of shocks

are constant and following the same steps as in Section 4 yields the following optimality
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condition:

dm,  Om 4 Omy Iy
~ € _ iy Oi U Omy, dir e
= —Rs—(m; — 7 where R- = =L = — in equilibrium.
Yt 7r,£ ( t t) ) T % % e dﬂ’t\t q
diy Oty 8ﬁt‘t dit

2
It can again be shown that R~ € |:l<d, #] , where Rz approaches its lower bound as ¢ — oo,

so that private agents attribute any change in the interest rate to a demand shocka.ﬂ When
% — 0, interest rate changes have their largest possible effect on inflation target beliefs and
R approaches its largest possible equilibrium value. In fact, since this optimality condition
is identical to (17) with Rz =7, in place of g, the implied equilibrium interest rate behavior
will also mirror the case of an output target shock with this change of variable.

This optimal interest rate policy result still relies on the signaling effect tilting the
inflation-output tradeoff in favor of smaller inflation deviations, but the logic differs slightly
from the output target case. Here, maintaining a marginally smaller output gap requires a
smaller interest rate reaction to an inflation target shock. The implied signaling effect is a
smaller revision of agents’ inflation target beliefs, which results in inflation being closer to
zero (unlike the case of an output target). However, less inflation in this case translates into
a larger inflation deviation from its target for a given reduction in the output gap.

The stationary equilibrium under this optimality condition is given by

- Rﬁ% _ % (Rﬁg)z Bpx _

M R (1= Bps + Rae) (1 + Rac) 1t

_ 1 _ Rﬁfﬁpﬁ _
T T R U By + Roe) (L4 Ra)

The results so far have coincided with the output target case. The main difference in
these two cases comes when I consider the value of communication. In the case of an inflation
target, partial communication of only demand now becomes unambiguously optimal for the
expected future loss. The best communication strategy for the current-period loss will still
depend on the realizations of shocks. The following proposition states these results, where I

again denote the case of partial communication of only the demand shock by a superscript
d

Proposition 6 In an equilibrium where Rz > 0,

1. The expected future loss is always lowest under communication of only d;, that is

CB pd CB pPI CB pd CB
EyPLr < Ef7Lin and EpULE < BT L
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2. For the current period loss, communication of only d; is always preferable to full com-

munication:
14 < P! lizati hock:
< I;" for any realization of shocks {€4t,€x1} -

The comparison with no communication depends on current shock realizations.

Proof. See Appendix Appendix D. =

The intuition for this difference is that, in contrast with the output target case, it is
easier for the central bank to bring inflation closer to its target when the target is known
by private agents in equilibrium. To better understand the contrast, consider first the case
of a positive shock to an output target. If firms are aware of this higher target, they will
raise prices more today in anticipation of equilibrium output being higher for some time.
This increased inflation will have a negative effect on demand, thus undermining the central
bank’s effort to boost output toward the higher target. In the case of a positive shock to an
inflation target, firms that are aware of this elevated target will raise prices more today for a
given level of current output, which is now beneficial to the central bank’s goal of achieving
a higher inflation target. Additionally, a discretionary interest rate setter’s stabilization bias
is also smaller when the interest rate is a stronger signal of the inflation target. Thus, it
becomes best to create a situation where the inflation target is perfectly revealed indirectly
through the interest rate.

In summary, when interest rate changes have an effect on private agents’ beliefs about
either an output target and/or inflation target, it remains possible to observe increases in
inflation and output following interest rate surprises. In addition, signaling effects about
either type of shock will lead a discretionary policymaker to maintain smaller inflation devi-
ations from target than he would under perfect information, thus resulting in a reduction in
the stabilization bias arising from a lack of commitment. However, the implications differ for
communication policy in that the central bank is better able to achieve its stabilization goals
when private agents know the true inflation target in equilibrium but not the true output
target. In this setting, a central bank that allows private agents to infer the inflation target
from the interest rate will fully capture both the disciplining effect of the signaling channel
on discretionary interest rate policy and the benefit of private agents knowing the inflation

target in equilibrium.

6.2 Signaling about a markup shock

In this section, I show how results can differ when the interest rate conveys information

about markup shocks rather than about policy targets. That is, suppose that the inflation
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equation is now augmented by a shock (which can be microfounded as time-variation in the

elasticity of substitution between varieties):

Ty = BT + K0 +

where v, = p,v1_1 + €, With €,; ~iid N (0, 072)) and p, € [0,p).

The policy objective is now the standard one, which can be derived using a second-order

approximation to the representative household’s lifetime utility:

> 1 €
CB - -
Ly, = By Zﬁt t°§ (%2 + EW?) :
t=to
There continues to be a demand shock, and the information setup also mirrors the baseline
case. In this setting, it is possible to show that the signaling effect actually tilts the inflation-
output tradeoff in the opposite direction from the baseline case and results in larger inflation

fluctuations.

Proposition 7 When the interest rate is a signal about a demand and markup shock, then

the optimal discretionary interest rate choice is characterized by

3

gt = _Rv_’frh
K
dry  Omoy Om Do
di (3 Ut 1t . .- .
where R, = S+ = e ) equilibrium.
d_yt iy dijs Wyt
diy it 8'Ut|t diy

R, is itself a function of interest rate response coefficients and is therefore determined in
equilibrium. There may be multiple equilibrium values for R.,, but nonnegative real solutions

satisfy the following properties when [(p, > 0:

1. R, <k.

2 v C g .
2. As % — 00, dditt‘t — 0 and R, — k. In this limit, the interest rate has no effect on vy,

and the optimality condition for policy becomes equivalent to that in the case of perfect

information.

o2 dv 1
. il — LN
3. As o3 0, fotfon

possible effect on vy, and the optimality condition for policy allows larger inflation

and R, < k. In this limit, the interest rate has its largest

fluctuations relative to output fluctuations when compared with the perfect information

case.
4. When =0 or p, =0, R, = K in equilibrium for any value of Z—§
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Proof. See Appendix Appendix D. =

This result is similar to the "opacity bias" found by Walsh (2010). The intuition behind
this result can again be understood through the signaling effect’s impact on the inflation
cost of keeping output gap fluctuations marginally smaller. As in the time-varying inflation
target case, this requires the central bank to respond less to the markup shock. The signaling
effect of this action is a smaller revision to agents’ belief about the markup shock, which
results in a smaller impact of the shock on inflation expectations. Therefore, the inflation
cost of achieving a smaller output gap is lower in the presence of a signaling effect.

Because the signaling effect is associated with an "opacity bias," it is clear that the value
of communication will also differ when the interest rate is a signal about markup shocks.
More specifically, intransparency essentially worsens the stabilization bias. However, there is
still some benefit of intransparency because fluctuations are smaller on average when agents’
beliefs about v; do not correlate perfectly with the true state.'” Whether full communication
is better than no communication then depends on the parameterization. However, it will
be the case that partial communication of only d; gives the largest welfare loss since it
leads to an opacity bias, while agents still become perfectly informed in equilibrium. Partial
communication of only v; combined with the optimal discretionary interest rate policy will
again result in an equilibrium equivalent to full communication.

An important lesson of the results under the previous two alternative setups is that,
in the presence of a signaling effect, understanding the implications for interest rate and
communication policy requires a finer grouping of shocks beyond the basic division into
those that the central bank can perfectly offset by changing nominal interest rates and those

that prevent the central bank from always achieving its first-best allocation.

6.3 Adding more structural shocks

In this section, I explore how the above results may change in environments with additional
shocks. The optimal discretionary policy is affected by the existence of a signaling channel
only through a change in the slope of the short-run inflation-output tradeoff, which, in turn,
determines the optimal ratio maintained between output gap and inflation deviations. An
immediate consequence of this property is that the interest rate should still perfectly offset
shocks that affect only the natural real rate of interest regardless of whether the policymaker
possesses an information advantage on these shocks.

On the other hand, the presence of additional markup shocks, which the policymaker

9The argument is similar to the one presented in Angeletos, Iovino, and La’O (2011), which finds that
communication about markup shocks is detrimental in a model where there is no interest rate signaling
channel.
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cannot perfectly offset, produces more interesting results. Consider the case of adding a

shock v; to the firms’ price-setting equation so that it becomes

Tt = BTeqye + K7 + Ut

where vy = p,vi—1 + €44, €y ~iid N (O, 012]) and p, € [0,p) .

I first assume that both private agents and the policymaker can see the entire history v! at
time t so that the policymaker has no information advantage regarding this shock. Then, I

obtain the following;:

Proposition 8 The optimal interest rate under discretionary policy with an additional markup

shock for which the policymaker does not have an information advantage is
iy =1t + I3 (R) G+ [ (R) G + 7 (R) vem,

where R depends on underlying parameters in the same way as in the baseline model.

This can be compared to the optimal interest rate under perfect information:

iy =t (fr () + foy (8) G+ fr (K) vy

fx(-) is an increasing function and the exact expression is in Appendix Appendix D.

2
Furthermore, in the limit % — 0, where R — the optimal interest rate policy no

K
7 1=Bpz’
longer corresponds to the optimal commitment to a rule of the form

i =1+ fiY+ g e + fove

In this limit, the response coefficients for i, and ¥, coincide with those under commitment

to the above rule, but the response to v, differs. That is,

=5 () = ()

Py
b= (1 —Kﬁp ) 7 (1 —Hﬂp) '

Proof. See Appendix Appendix D. m

Despite the policymaker’s not having an information advantage about the markup shock
v, the optimal response to this shock is still influenced by the signaling effect that the interest
rate has on private agents’ belief about the output target. The presence of that signaling
effect tilts the short-run inflation-output tradeoff in a way that leads the policymaker to

enforce smaller inflation deviations conditional on any shock to the economy. Since f; (-)
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is increasing in its argument, then, when p, < p; and the interest rate is a signal about
the output target, a discretionary policymaker could actually choose an interest rate that
overreacts to the markup shock v, relative to a policymaker who can commit to a rule of
the form given above. Due to this overreaction, full communication may become welfare-
improving, depending on the relative importance of the different shocks.

I can also consider the case where the policymaker has an information advantage about
vy in addition to {d;, §;}. Moreover, beliefs are formed under the following supposed current

interest rate behavior, which replaces (14):

1 = fddt + fd,bdt\t + fz}gt + fg,bgt\t + fU'Ut + fv,bvt|t-

Now, there are three private agent beliefs {dt|t, Utts vt‘t}, all of which will again be linear in

1;. Then, the optimal discretionary policy can be shown to be equivalent to the one derived

. . . . o1 dv
above in the baseline model with the exception that the equilibrium R now depends on d;‘t
as follows:

dmy % or d?t\t o dvt\t
R _ d_Zf o it 8gt‘t dit 8vt\t dit
T di o Agt B Wt iy vy’
dit it 8gt\t dit avt‘i dit

Ay dugy . 0% o2 cyeq e . .

where - and = will now depend on _¢, 7 and the equilibrium interest rate coefficients.
g g g g

7 Empirical evidence

7.1 Empirical model

The regressions below are motivated using a simplified model that assumes an AR(1) re-
duced form for inflation along with a Taylor-style interest rate rule that responds directly
to inflation.?® Coibion and Gorodnichenko (2012a) and Coibion and Gorodnichenko (2012b)
show that this type of reduced-form framework characterizes inflation forecast data well.

Suppose that inflation is described by the following AR(1) process:
Ty = PrTi—1 + Ety Ex N (O, Ug,t—l) .

Agents observe m; with a one-period lag and also receive two signals about current inflation:

one from the observed interest rate, which responds to true inflation and another composite

20T show in Appendix Appendix E that the New Keynesian structural model above can be modified slightly

to give empirical relationships similar to the ones tested below.
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signal that contains idiosyncratic noise:

i = QT+

Sjt = 7rt+6jt-

I assume that ¢ > 0 and that the two signal noise terms {u,,e;;} are uncorrelated across
time, with each other, and with ;. They are normally distributed with variances that are
identical across agents and possibly time-varying. This departs from empirical models used
in previous studies in two ways. First, most other models generally assume that agents
cannot see true inflation at any lag. Another difference is the explicit inclusion of an interest
rate signal containing additional information about inflation. The interest rate’s response
to true inflation is key. If the interest rate responds only to private agents’ beliefs about 7,
then it will not convey any additional information.

Each agent j has the information set Z;; = {Wtfl,z't, st 0’2} and forms his conditional
expectation of current inflation via a static Gaussian signal extraction problem that yields

Tojt = puTi1 + Ki (i — E [ig|m1]) + K (sj0 — E [sje|mi-1])

where K} € (O, gbfl) and K7 € (0, 1) are increasing in ait_l, which captures prior uncertainty.
This expression can be transformed into two different testable relationships.

First, the model makes predictions about the effect of interest rate surprises on inflation
forecast revisions. With data on aggregate interest rate surprises, one can test the following

relationship for aggregate forecast revisions:

Ttthlt — Tt+hlt—1 = pZKZ (it - E [it’Wt—lD + PZKf (Wt - thtfl) (21)

+ pZ“ (1-K) (Wt,l — 7Tt_1|t_1) + errorp,

where the error term is a function of the average noise in s; and is not correlated with the
other right-hand-side terms. My focus will be on the implication that the response of forecast
revisions to interest rate surprises will be increasing in prior uncertainty. Note also that this
regression equation is nearly identical to equation (5) in Romer and Romer (2000). The
main difference is that while they use the Federal Reserve’s forecasts to control for other
inflation-related news, all relevant news in this model is captured by the lagged forecast and
nowcast errors.

The second implication of this model can be seen by combining the news from both the

interest rate and sj; into a current nowcast error term that reflects all current-period news.
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This gives the following equation for forecast revisions for different horizons h > 0:

Tt4n|jt — Ti4+hljt—1 — Ktp?r(Wt_ﬂt\j,t71)+(1_Kt>pZ+l(ﬂ-t—l_ﬂ-tfl\j,tfl)+err0rjht7 (22)

where K;, = oK/ +K;€(0,1).

K, is decreasing in signal noise and increasing in prior uncertainty U?,tq- The error term
may be correlated across individuals and horizons but is uncorrelated across time and with
the other RHS variables. This expression says that higher prior uncertainty should result in
a greater effect of current nowcast errors on inflation forecast revisions and a smaller effect

of lagged forecast errors.

7.1.1 Extensions of the empirical model

I can allow for a standard direct negative effect of i; on m; of the following form:
Ty = PpMi—1 — 0ty + €4,

where 0 > 0 and the expressions for i; and sj; continue to be those given above. This yields

a solution for 7, that is similar to the above model

1 €4 — 0 u; where p_ = P
110" 110" Pr =11 60

Ty = Ibﬂ'T‘-t—l +

Now, forecast revisions are given by

Ti+hlt — Tithlt—1 = K] (it - F [it|7rt—1]> + LK (7Tt - 7Tt|t71)

+ 0 (1 a f(tS) (”tfl - m) + errory,

where K| may now take on negative values, but both Kj and K are still increasing in 2,_,.
If T do not allow agents to observe lagged inflation, then agents’ forecasts are described

by a Kalman filter.?! In this case, aggregate forecast revisions evolve as

A .

hi-i (- - h s RS
Tt4+n|t — Ti4hjt—1 = PnKt (Zt - Zt|t71) + pﬂKt (7Tt - 7Tt|t71) + errorp,

where Ki € (0, ¢*1) and K¢ € (0,1) are now increasing in prior uncertainty, Var,_ (m,),
which itself is increasing in ait_l. The lagged nowcast term drops out of the regression
equation. However, this term enters significantly in the regressions below, suggesting that

the assumption that agents can see lagged inflation is a reasonable approximation of the

21 This is the linear least-squares forecast, which is also optimal if I additionally assume that agents’ prior
beliefs about the initial state 7y are normally distributed.
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data.

7.2 Data

For aggregate inflation forecasts, I use median quarterly forecasts of the GNP /GDP deflator
(GDP starting in 1992) from the Survey of Professional Forecasters (SPF) provided by the
Federal Reserve Bank of Philadelphia. The survey starts in 1968:Q4 and is quarterly with
about 40 respondents in each quarter. A unique feature of the SPF is that, in addition
to point forecasts, it also asks respondents to report forecasted probability distributions for
annual inflation. This allows me to impute a measure of subjective uncertainty over inflation.

For actual data, I use real-time data from the Federal Reserve Bank of Philadelphia,
taking values from a two-quarters-ahead vintage (for example, the 2001:Q1 observation for
inflation is taken from the 2001:Q3 vintage). This timing is chosen to correspond to the final
published National Income and Product Accounts estimates prior to annual or benchmark
revisions.

To measure policy surprises, I use prices for 30-day federal funds futures obtained from
Bloomberg, which start in December 1988. I use the method described in Kuttner (2001) to
construct surprises on policy news days. I define these as days when the target rate changed
or scheduled Federal Open Market Committee (FOMC) meeting days starting in 1994 (some
dating adjustments were made following Kuttner (2003)). As described in Swanson (2006),
the FOMC only began issuing post-meeting press releases in 1994. Additionally, rate changes
were not strongly associated with meeting days prior to 1994. For instance, only 31 percent
of actual target changes from the start of 1989 to the end of 1993 occurred within one day
before or after a scheduled meeting, compared with 86 percent starting in 1994, until the
target effectively hit zero in late 2008. Thus, pre-1994 meeting days when no change was
made are not categorized as news days, but the results are not sensitive to this choice. To get
a measure of policy surprises that corresponds to the quarterly SPF timing, I sum one-day
policy surprises between SPF deadlines.??:?

Finally, in the regressions estimating the effect of news from interest rate surprises, I
exclude dates after 2011:Q1 due to the Fed’s decision to begin regularly releasing economic
projections of Federal Reserve Board members and Bank presidents in conjunction with

post-meeting press releases. The results are not sensitive to this choice.

22Deadline dates are available starting in 1990:Q2. Prior to that, I use the 15th of the middle month of
each quarter.

23 Gorodnichenko and Weber (2013) also sums policy surprises calculated from high-frequency futures data
to make the data compatible for use with lower frequency data.
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7.2.1 Imputing subjective uncertainty

I proxy subjective uncertainty using the SPF’s probability forecasts for the GNP/GDP de-
flator, where agents report probabilities of inflation being in pre-defined ranges. Starting in
1981:Q3, the survey consistently contains these reports for both the current and the following
years’ inflation as measured by the percentage change in the annual averages of the price
index. To impute the variance associated with these forecasts, I minimize the sum of squared
differences between the reports and probabilities for the same ranges implied by a normal

distribution following Giordani and Soderlind (2003) and Lahiri and Liu (2006). More for-

N

mally, for a given set of reported probabilities {qn}i\f:1 corresponding to ranges {[a,, b,)}, _;,

o [o(455) o (=]}

I remove individual-level post-1991 means from these variances to account for a switch

I solve

from GNP to GDP measures and a change in the number of ranges provided in the survey
from 6 to 10. In the analysis below, I use the median of the adjusted variances of forecasts
for the next year’s inflation as a proxy of subjective forecast uncertainty, denoted as Stdr.
The following table shows that this measure is not highly correlated with macroeconomic

variables or other measures of uncertainty commonly used in the literature on uncertainty

shocks.?*

Table 1: Correlations between Std] and macro variables

T Ti—1 Ty Tit1

Macro Variables
Inflation —0.02 0.12 —-0.09
Real GNP/GDP growth —0.08 0.02 0.10

Uncertainty Measures
Google econ uncertainty index — 0.24** (.13 0.12
Stock volatility 0.02 -0.11 -0.10
Policy uncertainty index 0.07  —0.05 —0.05

Notes: These correlations are computed with the longest samples available for each individual
series. The sample sizes vary between 110 and 124 quarters. *** /** /* Statistically significant
at 1, 5, and 10 percent, respectively.

2 Uncertainty measures are from the dataset accompanying Bachmann, Elstner, and Sims (2013) as well
as the policy-related economic uncertainty described in Baker, Bloom, and Davis (2013) and available at
www.policyuncertainty.com.
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This low correlation with other uncertainty measures is not surprising, since these mea-
sures capture many aspects of economic uncertainty and not just those related to inflation.
The low correlation with macroeconomic variables indicates that regressions containing inter-
actions with this measure of subjective uncertainty are unlikely to be picking up nonlinearities

or state-dependence related to the business cycle.

7.3 Effect of interest rate surprises on inflation forecasts

In this section, I estimate the impact of interest rate news on inflation forecasts and present
the main empirical result in support of the interest rate’s signaling effect.

My first set of baseline estimates echoes the findings in Table 8 of Romer and Romer
(2000), which shows that monetary policy tightening seems to have a mildly positive (though
not statistically significant) effect on inflation forecasts. This can be seen as estimating a
version of (21) with constant coefficients. My analysis differs from theirs in several ways.
First, my sample period is 1989:Q1 to 2011:QQ1, which has little overlap with their sample
of 1974:Q3 to 1991:Q4 with the Volcker years removed. Secondly, I use lagged forecast and
nowcast errors as my summary measures of "other news" as implied by the above empirical
model, while they used changes in the Federal Reserve’s Greenbook forecast. Lastly, they
used federal funds rate changes or a dummy variable based on articles in the Wall Street
Journal following Cook and Hahn (1989a) and Cook and Hahn (1989b) to measure monetary
policy actions. For my regressions, I instead use interest rate surprises measured using daily
federal funds futures prices, which arguably has less of an endogeneity problem.

Despite these differences, the main results are remarkably similar. In fact, the estimates
in Table 2 show a positive effect of surprise interest rate tightening on inflation forecast
revisions that is actually significant at a 10 percent or better level for all forecast horizons.
The coefficients are larger than those estimated by Romer and Romer (2000), since the
average magnitude of interest rate surprises is only about one-third the average size of target
changes.

To test the main prediction that K7 is higher when agents have more uncertainty over
the last forecast they made, I interact the news variables in this regression with the measure
of subjective prior uncertainty described above. Table 3 shows the results of interacting each

news variable with a dummy indicating whether Std]_; is below or above its median.
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Table 2: Baseline effect of federal funds rate surprises on inflation forecasts

Dependent variable: T, 7,1y — T ni—1

h = 0 1 2 3
I — Tgft—1 0.304* 0.267** 0.332%%*  (.181*

[1.81] 2.14] [2.76] [1.79]
T — Tj—1 0.101***  0.020 0.028 0.030
2.69] [0.89] [1.27] [1.32]

M1 — Tgqg—1  0.191%%F  0.143*%*  0.067***  0.095%**
[3.79] [4.30] 2.94] [3.55]
Adjusted R?  0.325 0.278 0.204 0.216
N 88 88 88 88

Notes: The sample is quarterly data from 1989:Q1 to 2011:Q1, with 1992:Q1 and 1996:Q1
dropped due to switches in the SPF from the GNP to GDP deflator and then subsequently
to the GDP price index making the lagged forecast unavailable in those periods. ***/**/*
Statistically significant at 1, 5, and 10 percent, respectively. Heteroskedasticity-consistent
t-statistics are given in brackets.

Table 3: Effect of federal funds rate surprises on inflation forecasts with a high vs low prior
uncertainty interaction

Dependent variable: T, 1y — Ty nji—1

h = 0 1 2 3
Uy — Tgfg—1 X Stdy_, low 0.081 0.110 0.114 0.144
[0.45] [0.85] [1.20] [1.49]
it — Tyg_1 X Std7, high  0.666%* 0.428%** 0.756%*%*  (0.212
[2.37] [2.05] [4.52] [0.84]
Ty — Ty X Stdf_, low  0.064 —0.023 —0.007 0.026
[1.01] [—0.61] [—0.21] [0.73]
Ty — g1 X Stdj_; high  0.116** 0.043 0.039 0.029
[2.35] [1.52] [1.54] [1.11]

i1 — Ty—1p—1 X Stdf_; low  0.0.230%**  (.199%** 0.097***  (.112%**
[3.13] [4.45] [3.21] [3.11]
M1 — Ty—1e—1 X Std]_; high  0.141** 0.071* 0.042 0.066
[2.60] [1.93] [1.49] [1.65]
Stdr_, high 0.113* 0.068 0.082** 0.022
1.82] [1.64] [2.26] [0.57]
Adjusted R?  0.335 0.313 0.276 0.189
N 88 88 88 88

) P-value of F-test of

difference in i; — 4,1 coef  0.083 0.199 0.001 0.801

Notes: The sample is quarterly data from 1989:Q1 to 2011:Q1, with 1992:Q1 and 1996:Q1 dropped due to switches in
the SPF from the GNP to GDP deflator and then subsequently to the GDP price index making the lagged forecast
unavailable in those periods. *** /** /* Statistically significant at 1, 5, and 10 percent, respectively. Heteroskedasticity-
consistent ¢-statistics are given in brackets.
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Compared with the baseline results, the coefficient on interest rates surprises in periods
of low prior uncertainty are smaller and not statistically significant, while the coefficients
in periods of high uncertainty are higher and statistically significant (save for the farthest
horizon). F-tests also show some statistical significance of the differences in these coefficients.
In addition, the interactions on the news captured by the lagged forecast and nowcast errors
also go in the predicted directions.

Table 4 shows that estimating a continuous interaction with prior uncertainty produces
the same qualitative results. Here, the prior uncertainty measure is standardized to have zero
mean and standard deviation of one. Thus, the coefficients on the main effects of each news
term can be interpreted as the average effect when prior uncertainty is at its mean value.
In this set of results, it is evident that the interaction effect is stronger at shorter horizons.
One candidate explanation of this is that the Federal Reserve’s information advantage in
forecasting inflation is stronger at lower horizons. Some evidence supporting this possibility
is presented in Table 4 of Sims (2003), which shows results of a test of whether the Federal
Reserve’s inflation forecast has a lower root mean squared error than the SPF’s average
forecast. The evidence presented there is stronger for one-quarter-ahead forecasts than for
four-quarter-ahead forecasts. Lastly, comparing the adjusted R? values to the baseline case
indicates that allowing for this interaction improves the model’s ability to explain forecast

revisions.

41



Table 4: Effect of federal funds rate surprises on inflation forecasts with a continuous prior
uncertainty interaction

Dependent variable: T p,; — Tyt

h = 0 1 2 3
i — g1 0452%FF 0254 0.352%% 0.147
2.92] [1.63] [2.19] [1.07)
i —Tgrq X StdT_,  0.422%* 0.235* 0.187 —0.098
[2.07] [1.70] [1.64] [—0.77]
mo—T1 0.091%* 0.022 0.028 0.034
[2.60] [0.99] [1.31] [1.48]
T — T X StdE, 0.070% 0.062%* 0.038%* 0.005
[1.73] [2.38] [2.15] [0.20]
T — s 0.215%FF  0.144%F%  0.065%FF  (.090%**
[3.99] [4.30] [2.84] 3.07]
M1 — T a1 X Stdf_,  —0.048 —0.071%  —0.027 0.023
[—0.79] [—1.73] [—0.93] [0.63]
Stdr ,  0.015 0.019 0.046%%*  0.004
[0.41] [0.88] [2.69)] [0.22]
Adjusted RZ  0.347 0.296 0.239 0.193
N 88 88 88 88

Notes: Std]_; is standardized to have zero mean and standard deviation of one. The sample is quarterly data from
1989:Q1 to 2011:Q1, with 1992:Q1 and 1996:Q1 dropped due to switches in the SPF from the GNP to GDP deflator
and then subsequently to the GDP price index making the lagged forecast unavailable in those periods. ***/**/*
Statistically significant at 1, 5, and 10 percent, respectively. Heteroskedasticity-consistent t-statistics are given in
brackets.

In summary, the results of this section show that surprise federal funds rate increases are
associated with positive revisions in median inflation forecasts and that the effect is especially
positive when the median reported subjective uncertainty in last quarter’s inflation forecasts
was high. A signaling effect of interest rate surprises naturally leads to this interactive effect
while alternative explanations such as a cost channel do not. More evidence consistent with
a signaling effect of interest rates can be found in Ozdagli (2013). In particular, he finds that
a surprise increase in the federal funds rate has a larger contractionary effect on the S&P
500 Index on days when the market has received news about the macroeconomy prior to
the FOMC announcement. The signaling story presented here can explain this result, since
agents will place less weight on the federal funds rate surprise as an indicator of the strength
of the economy if economic news earlier in the day has reduced their uncertainty. Thus, the
possibly expansionary signaling effect will play a smaller role on those days and the overall
effect will be driven predominantly by the direct contractionary effect of an interest rate

increase.
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7.3.1 Robustness checks

One might be concerned that forecasters take into account other variables when making
inflation forecasts. To address this issue, I also run specifications with added measures
of news about either real GNP/GDP growth or unemployment. These news terms are
proxied analogously with lagged forecast and nowcast errors. The tables given in Appendix
Appendix F show that the results remain unchanged. In fact, with these additional controls,
the interaction effect of prior uncertainty on the response to interest rate surprises becomes
stronger.

I get similar results using revisions of the Federal Reserve’s Greenbook GNP/GDP de-
flator forecasts as the proxy for other news (following Romer and Romer (2000)), although I
lose some observations due to the Greenbook’s five-year publication lag.?® The estimates are
also almost identical with the lagged SPF forecast on the right-hand side, with a coefficient
that is not constrained to one.

Appendix Appendix G presents the same estimation for real GNP/GDP growth rather

than inflation. The results are qualitatively similar, although the estimates are less precise.

7.4 Time-variation in sensitivity of inflation forecasts to news

In this final section, I examine the overall effect of all inflation news on forecasts given in
(22). Using 17,716 observations of individual level quarterly data over the period 1971-2012,
I obtain annual estimates using a nonlinear least squares estimation of the following equation

with standard errors clustered within quarters:°

_ FE h NE _h+1
Tthljt — Mtthljt—1 = Ot T Kyem«tﬂﬁ (7Tt — 7Tt|j,t—1) + Kyem«tﬂﬁ (7Tt71 — 7Tt—1|j,t—1) + errorpg.

Figure 1 shows estimates of my main coefficients of interest, which are the time-varying

responses of inflation forecasts to current news.

2 The Greenbook switches to forecasting the GDP deflator measure five months after the SPF switched,
so these observations are excluded.

26 Coibion and Gorodnichenko (2012a) also estimates time-varying sensivity of forecasts to news, using
a different empirical approach. They discuss low frequency changes in this parameter associated with the
Great Moderation.
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Figure 1: Annual estimates of K.

There is substantial time-variation in this coefficient. Table 5 shows that the estimates

correlate negatively with forecast dispersion (an imperfect proxy for idiosyncratic signal

noise?’) and positively with my measure of prior uncertainty, as predicted by the model.

Table 5: Correlations between KZE  and signal noise or prior uncertainty

yeary

Variable Correlation
Dispersion: h =0 —0.39%*
Dispersion: h =1 —0.30*
Dispersion: h = 2 —0.36%*
Dispersion: h = 3 —0.15
Dispersion: h = 4 —0.13
Lagged current year uncertainty 0.40%*
Lagged next year uncertainty 0.38%*

Notes: Correlations are calculated between annual coefficient estimates and an-
nual means of the variables. ***/**/* Statistically significant at 1, 5, and 10
percent, respectively.

Meanwhile, time-variation in these estimates does not seem to be associated with macro-
economic variables or other common measures of uncertainty, as shown in Table 6. The

fact that these correlations are lower than the ones in Table 5 suggests that the variation in

2TThe proxy is imperfect due to a nonmonotonic relationship between idiosyncratic signal noise and forecast
dispersion. If variation in s;; is dominated by noise, agents optimally ignore these signals and forecast
dispersion approaches zero.
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inflation forecast sensitivity to news is more related to an information story than to other

explanations.

Table 6: Correlations between f(?fef” and macro variables

xr Iyeart—l xyeart Iyean—i—l

Macro Variables
Inflation —-0.03 —-0.07 —0.09
Real GNP/GDP growth —0.05 0.28* 0.21

Uncertainty Measures
Google econ uncertainty index —0.18 —0.07 —0.14
Stock volatility 0.20 0.00 —0.05
Policy uncertainty index -0.02 -0.22 —-0.18

Notes: Correlations are calculated between annual coefficient estimates and annual means of the
variables. ***/** /* Statistically significant at 1, 5, and 10 percent, respectively.

8 Conclusion

In this paper, I explore the impact of a signaling channel on the conduct of optimal interest
rate policy as well as equilibrium responses to policy surprises. I find that a discretionary pol-
icymaker who is better informed about an output target can influence inflation expectations
in a way that tilts the short-run inflation-output tradeoff toward a policy that maintains
smaller inflation fluctuations. This effect is stronger when the policymaker has a larger
impact on inflation expectations. As this influence grows, the optimal discretionary policy
approaches the optimal policy under commitment to a forward-looking interest rate rule.
Compared with the perfect information case, the signaling effect reduces the stabilization
bias that typically exists when the policymaker is unable to commit. This contributes to
the finding that it is optimal for the policymaker to maintain an information advantage
when it comes to output target fluctuations. Considering the signaling effect in alternate
setups reveals some additional nuances. A particularly interesting implication is that when
it comes to an inflation target, it is beneficial for private agents to be informed in equilib-
rium. However, rather than full transparency, it is best to allow agents to infer the inflation
target through the interest rate, since this will lead to a smaller stabilization bias under a
discretionary interest rate policy.

For a general interest rate rule, I show that when the policymaker is better informed

about demand shocks and the policy response to these shocks is inadequate, it is possible
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to see positive responses of current economic activity and forecasts to positive interest rate
surprises. This matches the empirical patterns found in the present paper as well as previous
work on this topic. Furthermore, I present evidence of a previously untested prediction of
this information setup, which is that responses of inflation forecasts to positive interest rate

surprises are more positive when prior uncertainty about inflation is high.
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Appendix A Aggregate equilibrium conditions with idiosyncratic
government spending shocks

In this section, I derive equilibrium conditions for an economy where firms face idiosyncratic government spending
shocks so that it is consistent for households and firms not to have information about current aggregate outcomes.
This yields a condition for the aggregate output gap that is identical to (1) in the model in the main text. The

inflation condition differs from (2) in a few ways, which I outline at the end of the section.

A.1 Setup

The setup shares many features with Lorenzoni (2010). There is a continuum of yeoman farmer households with
identical preferences and technology that produce differentiated goods and face a Calvo friction.

Each period contains three stages. In stage 1, the policymaker sees the entire history of aggregate government
spending and output target levels { gt,gjt} and sets the nominal interest rate i; conditional on these aggregate
states. In the private sector, all households have the same beginning-of-period information, which contains true
realizations of past state variables and the current nominal interest rate so that their Stage 1 information set is
I} = {z’t, g1, gt—l}. In this stage, pre-commitments are made regarding aggregate nominal consumption.

In Stage 2, each worker-firm j now realizes its firm-specific government demand shock, g;;, where the idiosyn-
cratic component of gj; is iid. Firms who are able to reset prices then choose prices based their updated Stage 2
information sets Ijzt = gjt U 7}. 1 do not include past observations of g;t in these information sets, since they are
irrelevant for current and future payoffs once ¢! is known. All prices are set simultaneously without knowledge
of the resulting aggregate price. The household receives no further information about g;.

In Stage 3, all prices are revealed and households optimally allocate the pre-committed amount of nominal
spending across varieties j. The revelation of prices in this stage also reveals the true aggregate states and
households carry this knowledge into Stage 1 of the next period.

Prior to the realizations of {g;;}, ex ante risks are the same across households. I assume that households
perfectly risk-share by trading in a complete set of contingent claims in Stage 1. These claims pay out at the
beginning of Stage 1 of the next period, so that the beginning-of-period wealth is the same across households.

I assume that the idiosyncratic component of government spending is such that the resulting log-linearized

total demand faced by each firm j is given by
c C
Yjt = ?Ct'i- 1- v gjt — € (pjt — pt)
C
=Y+ (1 - Y) Wit _5(pjt _pt):

C C
since y; = v + (1 — Y> g+ by market clearing,

where gj; = g; +wjt, wj ~ild N (0, 0'2)) .
Meanwhile, I continue to assume AR(1) forms for the aggregate shocks:
_ . 2
gt = pggt—l + 6g,t7 6g,t ~ lld N (07 Ug)

Ut = pyYt—1 + €5, €gr ~id N (0,05) . (23)
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A.2 Consumption

Preferences are identical across households and the same as the model in the main text:
maxEZBt V (Ly)], where C; = [/ C : dj:| . ,e> 1

All households have access to the same full basket of goods in Stage 3, so there is only one relevant aggregate
inflation rate. Then, since all households pre-commit nominal spending in Stage 1 based on the same information
set, beginning-of-period wealth, and idiosyncratic risks, they all choose the same aggregate nominal consumption,

which yields the following Euler equation in log-linearized form:

¢ =F [CH_l‘Itl] + (Zt - F [7Tt+1‘1-tl]) .

Ue
U.C
Note that combining this consumption Euler equation with the resource constraint yields the same condition

for the aggregate output gap as in (1), since I can write

1

Gt =B [jen|T] — = (it — B [7en1|T)]) + di — B [d4a | T3] (24)

~ C C
Where%z%—yfzy%%fs@(“y)g’f a“ddtzw<1‘y>g“

as in the main text and importantly, the information set Z} is also the same as the one used in the main text.

Q|

This definition of the aggregate demand shock d; also gives

C
di = . i " (1 — Y) gt = pgdi—1 + €q¢, where pg = p, and eq; = ﬁ <1 — Y) €g,t- (25)

Purchases of individual varieties are made in Stage 3 after prices are revealed, so that
cjt = ¢t — € (pjt — pt) -

A.3 Production and price-setting

In Stage 2, a worker-firm j learns the government portion of its demand gj;, so its information set is Ijgt =

{it, "1, 41, gje }. It faces the demand function

C C
v 1- y ) it —e(pjt — pt) -
However, it does not see aggregate prices and so it does not know how much it will ultimately sell for a given price
Djt-
Technology is again linear for each worker-firm

}/jt = Ath7

where the nominal cost of labor is given by the marginal rate of substitution multiplied by the aggregate price
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index, which has the following log-linear form (where ¢, o retain the definitions in (3)):

C
Wit = U?Ct + QOljt + Dt

The log-linearized pricing condition for a firm is then the following:

o0

pi=0=08)>_ (08) E [w;esilT3)

k=0

C N .
= (1-0pB) (O'th +E [‘Pyjt +pt|1?t]> +0BE [pj7t+1|I]2t] ;

where I use a star on yj, to highlight the fact that, at reset, prices depend on output-dependent labor costs
among price resetters, which will differ from that of nonresetters. Using the firms’ demand function, this can be

transformed to
* C C * 2 * 2
pir=1-08)((0c+¢) v +e|l- y ) 9it — PePjt +(1+¢e) E [pt‘l-jt] +608E [pj,t-l-l’Ijt] .

I assume that the Calvo shock is independent of the idiosyncratic component of government spending, such
that the average government spending shock among price resetters is equal to the average among all the firms.

That is, I assume the following, where I order firms so that the set of price resetters are those indexed by j € [, 1]:

1 1
—_— d: .
1—(9/9thj gt

* . . . . . 2
Then, as long as P is linear in the variables in Ijt,

1 1 1
— p*djzp*z/p*dj-
5 ), pei =i = [

Secondly, I note that the iid nature of the idiosyncratic component of government spending shocks along with

this gives:

the posited linearity of p7, implies that
* 2 * 2
E[pj41|T5) = B [pialZ7] -
Then, the aggregate price index implies the usual log-linearized first-order dynamics
1
pr = Opr1 + / Pjdj = Ope—1 + (1 —0) pj, (26)
0
so that expectations must satisfy
E [pT5] = 0pe—1 + (1= 0) E [p}|Z3] .
The aggregate price relation also gives the following property:

(1=6)E [pi1|T5] = E [ma|T5] + (1 - 0) E [pi| T3] -
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Aggregating the individual reset prices over resetters j € [0, 1] and using these properties then gives

-0y = SR g O Bmal ) -0 B @]

where, with a slight abuse of notation, I denote aggregate expectations with
2 ! 2
E [z|T}] = /0 E [z|T3] dj.

Some further manipulation delivers the Phillips curve in this setting:

B
1+ (1—-6B)ep

b P (Bmalm] - Efram]) + SO (2 i) - ) (8)
11 (1-608)ep t+114¢ t+114¢ 0 Delde] —Pt) -

R -
E [ﬂtﬂ‘zﬂ + 1+ (1-6p) f:(pyt

T =

This aggregate inflation condition, along with (23), (24), (25), (26), (27), and an interest rate that is linear in
{ q, yt} , gives a set of linear stochastic difference equations that define the equilibrium. Thus, it will be the case
that agents’ choices will be linear in the variables in their information sets, as I conjectured earlier.?8

In particular, behavior of the aggregate output gap and inflation are given by (24) and (28), which are the
counterparts to the key equilibrium conditions (1) and (2) from the main text. The only differences in the
equilibrium behavior of aggregate variables comes from the differences in the inflation equation. Looking at (28),
it is clear that explicitly accounting for idiosyncratic shocks yields a Phillips curve that differs from (2) in the

main text in two ways:

1. The coefficients are scaled down by a multiplicative factor W < 1, due to the yeoman farmer

ep
decentralized labor market setup.

2. There are two new terms due specifically to the idiosyncratic shocks and information sets.

o F |:7Tt+1 |It2] —F [7Tt+1|Itl] reflects the difference in aggregate beliefs that comes from individual agents’
having the idiosyncratic signals {gjt}je[o,l]' E |:7Tt+]_ ]Itl] will be a prior, based on the histories {gt_l, gjt_l}
plus a term reflecting news from ;. E [Wt+1|It2] will be the same prior plus a term incorporating the
same news from ¢; as well as another term capturing news from the idiosyncratic signals whose noise
averages out to zero in aggregate. Hence, the difference between these beliefs will be linear in the

news terms with coefficients that are related to the informativeness of the extra signals {g;:} In

jelo.1)
equilibrium, these news terms, and hence E [m¢41|Z2] — E [m41|Z}], are linear in {eg¢, €54}
o I [p;f ]If] — p; will be linear in the aggregate belief errors E [gﬂl?] —grand I [gt\If] — ¥, which are

themselves linear in {eq¢, €5 }.

In summary, the inflation condition differs from the one used in the main text due to a change of coefficients
and extra direct effects of the shocks {eg,€5+}. In particular, both shocks now enter into the New Keynesian
Phillips curve, thus giving them additional properties akin to a markup shock. The intuitions behind the main

results should remain unaffected.

28 Lorenzoni (2010) proves this in a model that has a similar structure.
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Appendix B Solution under arbitrary policy coefficients
Rearranging equilibrium conditions (1) and (2) gives the following system:

T 1 L j 1 ,
Ye | _ v Yer1pt | dysap + dy — i
Uy’ kK o+ Tt K

Conjecturing that the output gap and inflation are both linear in {dt, dy\t, Ut gt‘t} leads to the following implied

Ytr1)t M Cft+1|t M| P 0 Cfﬂt .
Te1)t Yera)t 0 Py Yet

Combining the previous two expressions along with (4) then gives
~ 1
ge | _ |1 EIREY pa 0 Cft|t B
ur’ kK o+p 0 py Yt

] (fade + fz0: + Japdys + fg,bﬂt\t) .
Using this to evaluate the one-period-ahead expectation and matching coefficients gives the solution for M:

+

K

Qlx Q|

form for expectations:

1

K

] pddt|t

X =
| E—
&
|
| — |
Qlx Q|

M= _ 2Q4 (1= Bpg) (fa+ fap— 0 (1= pa) 2 (1= Bpy) (fz + fgs)
5Qa (fa+ fap — o (1= pg)) 5y (fy + fyp)
with Qg = ! and Q5 = 1

(1= pq) (1 = Bpg) — ?Pd (1 - /)g) (1 - 5&7) - %pg‘

This immediately gives the solution for one-period-ahead expectations, and substituting this back into the above

expression gives the solution for current outcomes, both as functions of current beliefs and true states:

! Gt ] _ [ 204 (1= Bpg) (fa+ fap — o (L= pa)) pa 2 (1= Boy) (f5+ f50) 0y ] [ i ]

Te1)e 2Q4 (fa+ fap — 0 (1= pg)) pa o (fg + fyp) Py

—1Q4 (1= Bpg) (fa+ fap— 0 (1 —pg)) — (1 — L f4) ]
—25Qq (fa+ fap —0 (1= pa)) — 5 (1 = 3 fa)

| 5 (1= Beg) Uyt fan) + 3y Gu + (1i£f;) %y”‘ft], (29)
k(l=2fa) —5ly Yt

—oQ5 (fg+ fap) + 51y

Longer horizon forecasts then evolve as

Yornle | _
Teth|t

2Q4 (1= Bpa) (fa+ fap —o (L= pa)) ol 295 (1 = Bpy) (fg + fgb) Pl dije |
5Qq (fa+ fap — o (1= pa)) ph 5Q5 (fg + fg.0) Pl et
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Setting dy; = d; and y;; = y: leads to the perfect information responses in Section 3.1:

[ ! ] _ [ 292 (1= Bpa) (fa+ fap — o (L—pa)) 7 (1= Bpy) (f5 + fyp) ] [ dy ]

! EQq (fa+ fap— 0 (1= pg)) Qg (f5 + fr0) it
gtljr[h\t _ 204 (1= Bpag) (fa+ fap — o (L= pa) ol 2 (1 = Boy) (fz + fgs) P d .
71-zii-lhlt de (fd"i_fd,b_a(l _Pd))P]Z{ gQg (fg‘f‘fg,b) P’f, Ut

Responses for 74 can be obtained using these solutions and the definition 7, = &y — T — 0 (dt — dt+1|t).

The signs of responses depend crucially on the signs of {23 and €. In particular, these coefficients need to
be positive to ensure that responses go the intuitive way (that is, the perfect information responses of the output
gap and inflation to a positive interest rate surprise are negative). Assumption 1 achieves this, since for a given

pE {pd, pg}, the corresponding €) has the same sign as

(1—0)(1—Bp)—§p=ﬂp2—(1+B+§)p+1-

This is an upward-facing parabola with two real roots. The larger root is greater than one:

145 E+y/(+B+5)° 48
26 25

Then, since pg, p; < 1 must hold in order for the exogenous states to be stationary, p; and p; must be below the

>1for g <1.

smaller root of the parabola for €4, Q5 to be positive. Thus, I impose

L+B+5—/(1+B+5)—48

where r_ (1-0)(1-6p) <1+£>.
o 0 o

Rearranging this shows that p = 6 for ¢ = 0. Combining this with the fact that

op 1 1+8+Z

=== |1— <0
% W \Ja+B+5)?-48

shows that p < 6 for ¢ > 0.

Appendix C Extensions

C.1 Lagged states not observed

When agents cannot see the true lagged states, beliefs are formed through a Kalman filter rather than a static signal
extraction problem. This is the information structure that is more commonly found in the recent literature studying
imperfect information in New Keynesian models such as Lorenzoni (2009), Mertens (2011), and Berkelmans (2011).
The same technique from Svensson and Woodford (2003) used above to deal with the circularity issue present in

the belief formation problem can also be applied here. With py, p; < 1 and constant variances, this Kalman filter
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converges to a steady state where beliefs are given by

dye | _ | dge—
Y|t Yejt—1

where d;1); = pqdy; and Gy 1 = pyYse- In this steady state, Ky, R’g are functions of {pd, Py fa, [, 0(21, a%}. Again,

+I:(d

] (it — fapdye — foubee — fadue—1 — fgbee—1) »
]

beliefs can be expressed as a function of prior beliefs and the current interest rate:

f‘ + f’,b ° L Kd .
dt|t = e - (szdﬂtﬂ - Kdyt|t71> 23
14+ Ky fyp + Kafap 1+ Kyfgp + Kafap
A ~ K_
Yee = fat fap (Kd§t|t—1 - Kgdt|t—1> + - £ it
1+ Kyfyp + Kafap

1+ Kyfgp + Kafap

The main difference now is that agents’ prior beliefs are no longer based on observations of the true lagged values in
each period. Rather, beliefs from period t form the prior belief for t 4+ 1. In essence, this change in the information
structure turns private agents’ beliefs into additional endogenous state variables that policy influences.

This adds another dimension to the interest rate’s signaling effect. When agents can see lagged true funda-
mentals, the interest rate’s signaling effect is limited to private agents’ current expectations. When agents cannot
see lagged fundamentals, the policymaker’s choice of the current interest rate now also affects future beliefs and,

thereby, future outcomes. This additional effect adds a set of new terms to the policymaker’s optimality condition:

REL dyq1/diy

~ < ,6 d?TtJrl/dZt&
e dgi/di

dyii1/diy K

<EtCB [Jt1 — Y1) + —Ef [Wt+1]> :

In equilibrium, this optimality condition still implies a forward-looking optimal interest rate level that is linear
in {dt, di|ts Yt gt‘t}. When expressed in this form, the optimal interest rate no longer moves one-for-one with the
natural real rate and a part that is linear in {gt, gt‘t}. To be precise, I denote the optimal interest rate and policy

coeflicients under this altered information structure by a superscript ** and show that

Proposition 9 In general, when agents cannot see lagged true states
CFETE S U Sy Jor any f7T, [

Proof. See Appendix Appendix D. m

To understand the intuition behind this property, suppose instead that the interest rate continues to respond
one-for-one to ri’ = o (dt — pddﬂt). This offsets the contemporaneous effects of the natural real rate on outcomes so
that ultimately, ¢; and m; move only with variations in the true level and belief about the output target. However,
now that agents cannot see lagged true states, the current forecast error made about demand carries through to
the next period and affects future outcomes through ;1;41. Thus, d; and d;; have a new intertemporal effect on
future outcomes through the forecast error d; —dy;. A policymaker with an information advantage can detect this
forecast error and foresee this effect. This introduces a new element to the tradeoff he faces when deciding how
to respond to d; and d;;, which alters the resulting optimal response. The following corollary gives special cases
where this new consideration does not apply and the policymaker again finds it optimal to set a nominal interest

rate that moves one-for-one with the natural real rate.
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Corollary 3 (i) Under Ky = 0, Kg = 0, or py = pg, the interest rate does not affect future beliefs, and the
optimal interest rate behavior from the case where agents could see true states with a lag is again optimal here.
(ii) When py =0, future output target levels become unforecastable and the policymaker’s optimality condition
becomes equivalent to the perfect information case, as it also does when agents see true states with a lag.
(iii) When p; = 0, the optimal interest rate responds one-for-one to the natural real rate, but responses to the

output target and private agents’ belief about it differ. That is,

it =y [0+ fr vty where f3F # f (R) and fiy # fay (R).

Proof. See Appendix Appendix D. =

In the first set of special cases, beliefs become a function only of the current interest rate in equilibrium, so there
is no effect of a marginal change in the interest rate on future outcomes. In the second special case with p; = 0,
although the current interest rate still affects future outcomes through prior beliefs that agents carry into the next
period, the current forecast error for the demand shock has no intertemporal effect on future beliefs. Then, the
tradeoff with respect to d; and dy; becomes equivalent to the case above where they have only contemporaneous

effects.

C.2 Optimal policy under dynamic time-varying uncertainty

Here, I consider optimal policy under time-varying uncertainty of the kind assumed in Section 2. To review, the

exogenous states are AR(1) processes with serially uncorrelated shocks that have time-varying variances:

di = pgdi—1 + €ay, €ar ~ N (0, Uz,t_l)
Yt = pg¥t—1 T €5ty Egit ~ N (Oaag,tq) .

Private agents’ information sets are Z; = {it, a1 g1, al), a%, ft} , where f; denotes the vector of time ¢ interest

rate responses to the state variables {dt, dy|ts Yty gjt‘t}.
€4, and €5, are serially uncorrelated and uncorrelated with each other. With static variances, I showed that

the optimal f7 and f;b depend on the relative variance Because of this, I conjecture an equilibrium where

SN

policy coeflicients are now time-varying via a dependence on the time-varying relative variance. I assume that
private agents know the entire history of variances including the current values, so they know the current policy
coefficients. Then, their beliefs can be derived in the same way as in Section 2.3, with the only difference being
time subscripts on policy coefficients. Due to this time dependence, I conjecture that equilibrium ¢; and 7, are
linear in {dt,gjt,dt‘t,gjﬂt} with time-varying coefficients. Then, agents’ expectations of future outcomes will be

linear in beliefs that depend on future policy coefficients that the policymaker takes as given:

Ytt1)t _ M, dit1t
Tttt Yyt
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Beliefs are then given by

Jot + Japt _ Kgy
dyy = - — Kgipgdi—1 — KgpzGi—1
=15 Kyifgpt + Kaifape ( vird g ) 1+ Kyifgpe + Kdtfdbt
_ Jat + fapt _ Ky
Upp = ; = Kiipzyi—1 — Kyipgdi—1
T T+ Kyafgon + Kaifaps (Kasy ptbiho) + 1+Kytfybt+Kdtfdbt
fd,tgi’t*1
where Kd,t = ﬁ and Kgﬂg %
fdtU,t 1+f fdto:t : y,t

and the policymaker also takes Ky and Ky, as given. Longer horizon forecasts continue to be d;p; = pgdﬂt and
Ytthlt = P;—L?jﬂt-
In this setting, the policymaker’s optimality condition has the same form as before:

Yt — Yt = —Rt*Wu

2
. . . . . . . . . g _
where R; is now characterized by a nonlinear stochastic difference equation whose forcing variable is 05” !
g.t—1

Furthermore, the optimal interest rate is
iy =1+ [0+ Fy it
where f7; is a function of R, alone and f7,, can be written as
foot = E[F (R, Risa, ) | 1] -

To see this, note that ¢ — g and 7; can again be written in terms of exogenous states, and ¢; with time-varying

coefficients:
o, Kyt (fge+ fgnt)  —Kar (foe+ fant) ]
U= | —Kyi (far + fape)  Kat (far+ far) padi—1 . 1 -1 d; . Hyit i
N ty
™ 14 Kyt fgpe + Katfap | oyl k0 Tt Hyis
K
1 r v, [ Kd’t ] .
1 - 0 0 H; , 1
where ¥; = L M, Pd _| Pd and gt | it |
FooTh 0 ry fipa 0 | Hrig | L+ Kgifgps + Kafape | 5

In this form, it is again true that the discretionary policymaker has no control over time ¢+ 1 or later outcomes
and the problem simplifies to

1 €

min 3 ((g}t - gt)Q + 771'%) subject to the preceding equation.
1t K

Thus, the FOC is analogous to the constant variances case, but with a time-varying R;:

77'7t

Yy — 77?,1/771',5, where Ry = ——.
Hg iz
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Using this FOC and the structural equations to back out the optimal equilibrium ¢;, gives

_ K "‘fﬁpg 1 /Bpg ] _
T = pm — Riems + Ky = + FE + + .| T,
t=p t+1)t tETL Yt 1 —l—Rté‘yt 1+ Ree [1 F Rinie (1 +Rt+15) (1 +Rt+2€) t| Y|t
. 5 1 RieBp; 1 Bpy
= — Ri—m, = U — Ly ) + Y + | Ly | Yy
Yt Yt tlﬁ',ﬂ't 1+ RtEyt 1+ RtE 1+ Rt+15 (1 + Rt+1€) (1 + RH_QE) t yt‘t

when limp_, o (ngo ﬁ) Tt = 0. Then, expectations are

1 n By
1+ Rt+1€ (1 + Rt+1€) (1 + Rt+28

7Tt+1‘t = K)E |: ) =+ ...

It] Pyt

1 By
i ={1—F | Ripie + Y +.. 17 Ry
Yl { [ i <1 +Rivie (1 +Repie) (14 Rigoe) ) t] } Pyt

By taking g, out of the expectations, I am assuming (and later show) that R; will be a function of current and
past relative variances that are not informative about future levels of the output target.

Then, this implies that the interest rate can be written in terms of {dt, it Y, gﬂt}:

it =1 + T + 0 (G — Ge)

r
== O'dt — Opddt|t — O'myt
K Rte’fﬁ 1 Bpg > :| _
+oE |1+ (= —Rip1e+ + 4+ o ) 22| paUse-
[ <U b+l 1+ Rt€> (1 + Riq1e (1 -+ Rt+1€) (1 + Rt+2€) ‘ t| Pa¥ile
Tine

In addition, the above expressions for m; s, Js+1) give an expression for the equilibrium Mj:

1 Bpy
0 1-F |:Rt+1€ (1+Rt+15 + (14+Ri+18)(1+Ri426) + ) ‘ It:|

M= 0 kE l_ 4 i +...1Z
1+Rit1e (I4+Ri416)(1+Ri426) B Il

*
Zj,b,t

a nonlinear stochastic difference equation implicitly relating R; to future {R; x} k>1, where the driving variable

Using this in the expression for [Hy ;¢ H, ;] and combining this with the expressions for and Ky, gives

2
. . . o5,
is the relative variance level —&t=L:

gt—1

O e B B 2 Koo |
K oo+8 0 py 0 Efr,, Ky,

K Rtgﬁ 1 Bp,
' e =] o R : o _
where f7,; =0 + <a + 1+ Ree t+16> (1  Rie + 0 Rmd) (L Read) i ) | t} on

1 Brg
0 1—-F [Rt+15 <1+Rt+16 + I+ Rey18)(1+Res26) + > ‘ It]
1 Bry

0 rE |:1+Rt+18 + (I+Ri116)(1+R i 126) + ‘It:|
1 1+ Rt€
Kyp=—— = ,
71+ Ree)" = +1

Q= Ql~
| E—
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If the relative variance Z;” is Markov, then it may be possible to show that the key variable R; should depend

y,t

. Likewise, f* ¢ would also have this property.

2
OG-
only on —= and _;
g,t—1 Y.t

0.2
3

Appendix D Proofs

D.1 Proposition 1

To arrive at the results under imperfect information, I first express the interest rate surprise as a function of the

policy coefficients and the relative variance:

i'P =iy — EladZy \ie) = (1 + fapKar + f50Kpe) (facar + fyegt)

fa(fa+ fap) 2 Zgat -+ fy (fg + fgb) fa(fa+ fap) 03”’_1 =+ fy (fy + fas)
— — fdedﬂg + p fz76377t'
ffadiiijy fgadifrfy

Then, under Assumptions 2 and 5, it is clear that

disvrP disvrP
=13 >0>15 =

d€d,t

From here, impulse responses for j; and 7; can be obtained from the equilibrium given above and belief formation,

which gives

ddy ddy Ay dyy)s
de!t = fd d,ts ?g[t = Jyfdg, ?dlt =/ Kg,h dei‘ = fy y,t
daé” . f:
where K4, = ——Tnmt and Kyji——2t—.
Ag=rn " Vageen

Putting this all together gives the following relative responses to the exogenous shocks:

dje/degs [ayt n Oy Ay N Oy ddtt]
Oy Oy degr  Odyy degy

W B Lg
Qg (1= Bpy) (fg + fgs) f5 + Qal(fa+ fap) (1 = Bpg) — Kpd) fd%
7 Ja(fa+ fap) d”+fy(fy+fy’)

dmi/degy 1 [Gm n Oy dYye . oy ddtt}
difurp/dﬁg,t g ayt 8gt|t dEg,t 3dt‘t d€g7t

Qg(ngrf@’b)f?Jer[fdJrfdb_Uﬂpd(l—Pd)—Hﬂd]fd%
7 fa(fa+ fap) 55 T =2+ fy (fg + fi)
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dye/deqsr 1 [8& . OYr diue | OU ddtﬂ
dipr/dedyt Ld od; 8gt|t d€d7t 8dt|t d€d7t

11~ (1= Brg) Uy + fy0) foda+ 0 F = Qu (L= Bp) a+ fan = o (1 = p0)) S
7 fa Ja(fa+ fap) B2+ g (g + fr)

dmi/deqs 1 [é)wt N Oy dYye n omy ddt|t:|
di;""" [deqr  tq | Ody OYyje deqe — Odyyy deqy

k1= s+ fuu) Sobact of = Qulfat fan =0 (1= p0) S35

o fa fa(fa+ fap) Z%:i + f3 (fg + fap)

Assumption 1 gives 24,5 > 0, as discussed in the previous section. For the relative responses to €5, Assumption
2 ensures that the sign is opposite of the sign of the numerators. For the numerators, the same assumption ensures

that the first term is positive while the second terms are negative as long as Assumption 6 holds, since

(fa+ fap) (L= Bpg) — kpg <0 and  fq+ fap —oBpy (1 — pg) — kpg <0

& Jat Jap < min{l fpgpdypd(aﬂ(l—ﬂd)Jrﬂ)} = 1fp5dpd7

where the last equality comes from the fact that {2; > 0. Meanwhile, this same fact gives

KpPq RPd__ .14 KpPq <o

= pa) A= Bpg) P4 T= By ™ U= p0) (L= Bpa) =

Thus, Assumption 6 is sufficient to guarantee that these second terms in the numerators of dﬁ%ﬁé%if - and diﬁé%@f -
t Yyt t y,t

are negative, while the last fact shows that this assumption places a tighter condition than the one in Assumption

5. Then, it is clear that d;f%ié%@éf - and dfﬁ‘ré%@i‘f - can be positive if the second terms in the numerator are large
t Yt t Y,t

2
(that is, when % is large). For the relative responses to €q¢, the first terms are negative, while the last two

Y,t—1
terms are positive under Assumption 5. Then, it is clear that they can be positive if the last two terms in the
Uczi,t—l

numerator are large (that is, when —3*=* is large).
g, t—1

The scaled covariance between an outcome x; and the interest rate surprise is given by

2
dz, | 2 de, | 2 7o 2
.sur t —t
Cove 1 (x4,5""")  Geaytd%d4—1 T Ge,, 10%54-1  day/deqy Jast dzy/deg, Ty
“SUTp = 7 5 5 o — .SuTrp o2 -SUTp _ o2 )
Varg—y (i;"") o PR S Tof O di; """ /deqy 2 Ug,z—i + /2 dig " /deg Ve ng—i +f2
g, t— Yt—

so that

CO’Ut_l (ﬂ't, i§UTp)

Vari_ (i;"7)

Q?J (f? + fg,b) fﬂ + Qq (fd + fd,b — 0 (1 _ pd)) fd%
fa(fa+ fap) Zg”‘i + f5 (fg + fan)

g.t—

Covir (G i) 1% (1= Bpy) (fg + fgp) f5 + Qa1 = Bpg) (fa+ fap — o (1 = pg)) fdzgt’l

t—1

K
g

-Surp = 2.,
Vari_1 (’Lt ) g fd (fd + fd,b) U%:t—l + fg (fgj + fg,b)
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Then, Assumptions 2 and 5 are sufficient to show that

Aty (fat fan) — Q4 (fat fap— o (1—p
Vara ) _ Ky (fa+ fap) = Qa (fa+ fap — o ( 2d))fdfg(fg+fg,b)>0

aZhe 7 [Falat £a) B2 Sy G+ f)]

g Cove=1(Gesi, ") 19, (1= Bp- — — - -
Vere (i P (fd+fd,b) Qu (1= Bpg) (fa+ fap— o (1= py))
Gy 18 ) : d 5 L fafy (fy + f30) > 0

dgg=r O [Fa(at fan) B2+ £ (Fy + F)]

These two assumptions are also sufficient to ensure that these scaled covariances are positive for large enough
U?i,t—l
U;,t—l ’

The responses of forecasts of horizons h > 1 and the real interest rate gap can be signed in a similar manner:

d€g7t ayt‘t dégt adﬂt dEgyt
1 Qo (1= Bpy) (f5 + fap) fg + Qapl (1 — Bpa) (fa+ fap — o (1= pg)) de%':

- Y

dYiinie  OUsn)e Ayt n Oty n|e ddy

o f2 Udt 1 + fy
dﬂ-t—l—h|t . 87rt+h|t d?jﬂt 87Tt+h|t ddﬂt . K ypy (fy + fy b) fy + ded (fd + fdb — 0 (1 - pd)) fdo-dj 1
dég’t N Bgﬂt dﬁg’t 6dt|t dﬁg’t N o Y fd2 Zdz 1 + fg

dxyiple  fa Aot
dédﬂg fg dEgﬂg

for zypjt € {Gesnjts Tenje }

dry  diy _ dmypq)e o dd; y ddy,
deqr  deqy deg ¢ deqy Pd deg+

Qy (1= py) (1= Brg) (fg + fap) fyfa—ofz + Qa1 = pg) (1 = Bpg) (fa+ fap — o (1 - Pd))fzar“ -

—1
20dt 1
fdat1+fy

dry  diy AT ddy ddyy
dega  degs  degy  Cdegs | OP1d
€yt gt €g,t €g,t €t
Qg (L= py) (1= Bpg) (f5 + f30) f7 + [0+ Qa1 = pa) (1= Bpg) (fa+ fap — o (1= pg))] fyfdgdi .

20t1
fio +fy

Since the responses of forecasts under the individual shocks are proportional to one another, the scaled covariance
between forecasts and the interest rate surprise can be found by looking just at the relative response to the output

target shock:

. 27 dt 1 2
Covi 1 (wpye, 3" dwyppp/deay  Fao?,, dzypj/degy 3 _ dayyppe/deg,s
surp - -SUTp -SUTp 2 - -SUTP 9
Vari—y (3,") di; " /deqy szzdi:_i‘f‘fg% diy " /deg ¢ fﬁf;”i:‘ﬁrfg diy " /deg ¢
Y,t— Y,t—
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so that

Covp—1 (Tyynpe ") v ok (fg + fab) [+ Qaply (fa+ fap — o (1= pg)) fdzg’jj

Vare (i;"") o fa(fa+ fap) Zg: + [y (fy + fyp)
Coviy (Gesneis™™) 1%y (1= Bpy) (g + f30) f5 + Qap (1= Bpa) (fa+ fap — o (1= pa)) fag:
Var,1 (57 o fa(fa+ fan) = + fy (fg + fro)

2
Assumptions 2 and 5 are again sufficient to ensure that these scaled covariances are positive for large enough Z;‘ =2
g,t—1
and that

dCovt 1(7Ti+’\272t ) 0l _ h — —
Vare (i} k Qg (fa+ fap) — Qapg (fa+ fap — 0o (1= pg))

O_dt(i1 ") - 9Py d 5 L Fafy (f5+ f0) > 0

dyz = [fd (fa+ fap) 52 Zhuzs =+ fy (fy+fyb)]
dCovt 1(yf+h\;ﬂt ") QO h 1 ﬁ ~ + ) 1— 5 + —0o(1—

Var; G _ ey (1= Bpy) (fa fd,b) d2pd( pa) (fa fd,2b ( Pd))fdfg o+ fyp) >0

= - o [fd (fa+ fap) G + [y (fy+fg,b)}
Looking back at the equilibrium solution, it is clear that setting f; = o and f35, = —op, results in the
) d

coefficients on dy; and d; being zero. Using these parameter values in the responses immediately gives the properties
presented in Section 3.2.

D.2 Proposition 2
Here, I repeat the equations summarizing the policymaker’s problem described in Section 4:
EOB t—to + ( N2, € 2)
nin Ej Z B — )"+ - )

t=to

. - 1, -
subject t0 g1 = Yyy1)t — = (it = Tpsap) +de — dyqp and = By + K

Qt+1|t - M pa 0 dt|t
i1t 0 py Yt

where

fo + fop _ Ky :
dyy = : Kgpgdi—1 — Kgpz9i—1) + )
T T+ Kyfgo+ Kafap (Kypas pifi-1) L+ Ky fgo+ Kafap '
_ fa+ fap _ Ky
= : Kapzyi—1 — Kgpyde—
e 1+Kgfg,b+ded,b( apyih-1 = Kypadioa) + 1+Kyfyb+dedb

with {M, Kq, Ky, fa, fap, f5, fg»} taken as given. Although the coefficients in {Kq, Ky, f4, fap, fy, f5p} must be
consistent with the resulting interest rate behavior in equilibrium, they appear in the above equations as agents’
beliefs regarding current policy, which the policymaker takes as given.

Then, I can write the output gap deviation and inflation in matrix form as the following function of current
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beliefs and 4;:

| —— |
LoQ
o~ ~+
| E—
|
| — |
QIx Ql—
| IS
.
o~
—
w
(e}
S~—

By plugging in beliefs, this can be transformed into the following function of exogenous states and i;:

Padi—1 n I -1 dy Hy,;
PyYt—1 k0 Ut

Hﬂ',i

—Ky(fa+ fap) Ka(fa+ fap)

Yo = | _ n
Tt 1+ Kyfyp + Kafap

o [ Ky (fg+ fap) —Ka(fy+ fyp) ]

1 L 0 0
Where\IlE[ R" M[pd ]—[pd ]
K o+p 0 py kpg O
K
g ]
Ky | % T ad @ T oy @

oy Om, ddi: Om, dYi)t
9, T Ody, diy " Oges diy

] [ O 0y, ddys 0G: APt ]

Qlx Q=

and L = -
[ Hy; ] 1+ Kyfgp + Kafap [
In this form, it is clear that the discretionary policymaker has no control over time ¢+ 1 or later outcomes and

that the problem and accompanying optimality condition are:

1
min B ((gjt — )+ ET(?) subject to (31)
it K

- _ g - _ g
= (B = 90) Hyi + —meHri = 0= §; — o = =R,

omy y omy it | omy MUrt
. . . o . _ H.,; _ 9ig | 0dy, diy | 0wy, dig
matching the form given in the proposition with R = o = By ou i o5,
diy | 0dyy diy 8Ty dit

Solving for g; using this optimality condition and substituting this into the inflation condition gives

T = Brip1 — Reme + K.

By restricting attention to nonnegative values of R, I can iterate this forward while using the fact that g, = pé—}gjﬂt
to get the stable solution for the path of 7; in terms of {gt, gjt‘t}. Substituting that expression for m; back into the

optimality condition gives the solution for g; in terms of the same state variables:

Kk _ n BP@KJ
1+ R (1—Bpy + Re) (1+Re)
- 1 _ Rgﬁpg
Yt = Yt —

14+ Re (1—Bpy+Re) (1+Re)

Y|t

T =

Y|t

Then, this gives expressions for expectations g1, and 7,11, which immediately reveals the equilibrium value
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of M as a function of R:

~ l_ﬁpg

Y41t | 0 1-Bp,+Re pa 0 dt|t

s [ I QT 0 o U '
t+1|t 1-Bp,+Re Py Y|t

M

These can be used along with (1) to back out the implied nominal interest rate in terms of {dt, dy\t, Ut gt‘t} :

’it = O (dt — dt+1‘t) + 7rt+1|t + o (gt+1|t - gt)

| 1 1 1
— ody — opydyy—0——3 _ L . 32
gt — TPal U1+R5yt+"<1+7zg le—ﬁpg—i-'Rs)ytt (32)
r —
I (R) 1, (R)

Substituting these optimal response coefficients along with M into the equilibrium condition for R and rearranging

gives
TR e
1-Bp,+Re)(1+Re) " Y @ 1 1+ Re
R=k B e where Ky = —— (33)

2 a'd :
(1—59@4-725)(1—}-725) ¥y o ( + Rg) o2 +1

Here, it is clear that when fp; = 0, the terms involving Kj drop out of this expression and it gives R = k.
To focus on equilibrium values for R which give finite policy response coefficients, I impose 1 + Re # 0 and
1 — Bpy + Re # 0, which allows me to write (33) as this third-order polynomial:

2
OzR(l—ﬁpg)—m—l—(R—/i)(1—Bpg+72€)(1+735)% (34)
v
2 ) , .
:52%R3+5(2—B/}g—€ﬁ)%7€2+ |:(1—,8Py) (14—;3(1—8/{)) _ER}R_“<1+(1—5P1/)Z§[>-
v 2 2 ;

For Z—% > 0, 82%‘2? > 0 while —x (1 + (1 — Bpg) j—%) < 0, so there must be at least one positive root for any values
of the other parameters according to Descartes’ rule of signs.
Again, attention is limited to real nonnegative solutions for R. To see that R € [n, ﬁ} , note that (34) says

that R must satisfy

R(1-ppy) —k=(k—R)(1—-PBp;+Re) (1 —i—Rg)

el
QLIN|QUN

R € [0, k) violates this condition, since the LHS would be negative while the RHS is positive. R > 7 ﬁ would
give a positive LHS and negative RHS.
Implicitly differentiating (34) gives

dR:_ (R—n)(l—ﬁpg—i-Ra)(l—i-Rs) <0
A% 1= Py + [(R=r) [(1- By +Re) + (1 +Re)] e + (1 — Bpy + Re) (1 + Re)] 24

Now, I look at the cases given by the limits of g—é

Y
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e When Z—z‘ — oo: In this case, referring back to (33), it is clear that K — 0, and R = & is the unique solution
in this limit. To see that this is the solution of the perfect information case, note that the policymaker’s
problem in that setting is

L N2, € 9o
min — — —T
[N 2 <(yt yt) + K t) !
subject to (31), but with d;; = d¢ and %, = 7. Then, it is clear that the optimality condition is the same
as the one given in the proposition with R = k.

e When Z—g — 0: (33) shows that

Y

K . 14+ Re
— , since Ky — — .
1 — Bpy o

Now, I show that this is equivalent to the case of a commitment to a rule of the form
it =1y + [0+ f5 o

First, I substitute these coefficients into the solution under a given rule derived earlier in the appendix and

given in (29)):

_ 1 1
g7 | | —o%% (1-Bry) (f§+f§,b) +5fy — —L1re—1 ;
- t|t ty
m 20y (o + o)) + 555 Lo
where equilibrium beliefs in this limit are given by
Yejt = Yt + JTde it
Then, the policymaker who can commit to this rule solves
min BEPY 5L (o) + ).
t=to
_ /5,
g-n] | -0 6py) (fyf i) -1 [ o=y (14 52) +1
where = Yt + fe €dt-

Then, the two optimality conditions are given by

afy Ef Zﬁt fo— (~ gt)2+%7ﬁ%)

t=to

=0= EgB Z Bt ((?jt —Tt) (1 - ﬁpg) + E7Tt) [—iyt + (J;yc’;z Gd,t]
t=to Y
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a o0
0= 507 S 4 (G £5)

:»O—EgBZW Y (G — ) (1— Bpy) +emr) [—1%—10 dt].

t=tg Y

Both conditions are satisfied by a policy that maintains

Y — Y = —
which is equivalent to the optimality condition of the discretionary policy with R — 1_7% in this limit.
Y

Lastly, I show that the same discretionary optimal policy condition is obtained if I start with agents who
suppose that current policy responds linearly to the entire history of shocks {dt,yt}.gg That is, I replace the

supposed behavior of current policy in (14) with

i =Y fi" (k) i + Zf’“st k- (35)
k=0 k=0

Then, beliefs are given by a static Gaussian signal extraction problem, where
d dy— Khist | , .
o] <[ ][ 222 s .

PyYt—1 K;} ist

where E[Zt’It\Zt] — [ hzst( )p + fhzst( ):| di_q + [f:gnst( )py + fh'Lst ] Uro1+ Z {fhzst dtfk + f;iSt (k) Tk
2

k=
14 (0) o hist _ 7 (0)oF
+

(Fe @) b+ () of " () o (5 ) o

To proceed, I now conjecture that the equilibrium solutions for the endogenous outcomes ; and 7y are linear in

and K5t =

the full history of shocks, thus resulting in expectations of the form

Yt+1)t — Mphist pa 0 dt|t
41|t 0 Py Yt
Again, this allows me to write the output gap deviation and inflation as

_ 0 ‘ [e's) A hist
[ ytﬂ- Yt ] _ Z Hénst (k‘) dy_p + Z Hénst (]{) Uik + Y5t ] i, (37)
t k=0

k=0 He'!
where H?%St = ! % Pa 0| pa O K“}lu:St —
Hy! koS58 0 py kpa 0 Kyt
and {HJ™ (k) B! (k) }

are functions of M, Kist, K, { fIt (i), (150 (k) MG (k) , M (k) }

+ZM’”“ k) dy k+ZM’”St (k) G-t
k=1 k=1

Mh’ist

Qlx Q|

oo

k=0

29Tn equilibrium, a rule that also includes current and lagged private agent beliefs can be written in this form, since private
agent beliefs would be a function of lagged and current state variables.
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Then, the discretionary policy problem and accompanying optimality condition are

1 €
min 5 ((ﬂt — )% + —7rt2) subject to (37)
1t KR
e ' hist
?jt — @t = —Rhwt;ﬂ't where Rhmt = HZ’ZSt .
5t

This is equivalent to the solution above as long as the equilibrium condition for R"**? is the same. The rest of this
section proves this.

Using the equilibrium conditions gives the following expression for expectations:

~ 1fﬁpg

Yev1pt _ 0 1-Bp, +RFte pa 0O dt|t

Tet1t 0 W 0 py Ytt
Mhist

and an interest rate that responds only to current true states and beliefs:

+_ g p L 1 1 1 i}
it = o = opadye = 0 gm0\ Toma: QT g + e ) e

Combining (35) and (36) shows that equilibrium beliefs are a function only of time ¢ and ¢ — 1 fundamentals:

dye padi-1 Kt 17 ohist hist () (- -
= _ + i | 112" (0) (de — padi—1) + f5*° (0) (Gt — pgi—1) | -
[ Y|t ] [ PyYt—1 Kpist { Y ( Y )}

Then, comparing (35) to the optimal interest rate proves that fcllmt (k) = f;is’f (k) = 0 for k > 2. Using these equi-

librium beliefs in the expression for 4; allows me to obtain the remaining coefficients { f7%* (0) , fhis (1), émt 0), ;“t (1)}

Pk 1S 1S is _ _ 1 _
iy = 0di —0opg {pddt—l + K(? ! [f(? (0) (de = padi—1) + f;? '(0) (yt - ngt—l)H - Uw%

o ( L1 ! ) (g1 + KL [ £ 0) (ds — pad—1) + F2 (0) (5 — pgii1)]

1+ Rhste Qg1 — Bp; + Rhiste
1 1 1 hist chist
1+ RhiStE B 97@_1 1— ﬁpg + Rhist€> Kgls des (O) dt

N 1 1 1 N
h h h h
- {p o (1K 0) - <1+Rhte Q1 Bpy+ Rhist5> Kyt (0)] pudi-t
1 + Khistfhist (0) _ 1 _ i 1 Khistfhist (0) =
o " Patd Ty 1+ Rbste — Qy1— Bp, + Ristz ) 0 70 Y
1 1 1
14 Rhiste  Qy 1 — fBpy + Rhiste

— o (1 parcti e 00+

+o[parcti sl o)+ ( ) [1- we s o e

which gives

hist
hist (v _ o nist (o Ja (0)
4" (0) and  f;""(0) = 1 Rt

- hist 1 1 1 hist
1 + O'ded o (1+Rhista Qg 1—BPQ+RM“8> Kg
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Substituting this into the expression for K?’jmt gives p K15t as a function of KZ’/-”St:

1 (1+R")

. - 1 1 1 ;
Kfnst — _ = 1 Khzst o - = A hist
v o1+ Rhist8>2 Zé +1 [ T opalia T\ 1L Rhiste Qy 1 — Bp, + Rhiste )

; 1 1 . 0'2 . 1
= Khzst - (= ' <1 hast ) “d KI}zst R
Patrq (Qy 1= Bp, + TRhist, + |1+ € 0227 7 5

Then, using the expression for R"*** and the equilibrium expression for Mt gives

Py (1=Bpy+E+B) 1 hist hist _ 1 1 hist .\ 93

phist _ 1P RIS Ky = palq™ =5 T rRre t (1+RMe) 04
- © - )

Py (1=BPs+%5) 1ohist hist _ 1 _17Pes y (q  Rhbistg) %

l—ﬁpg—&-'R’”“sKﬂ — ,Ode ~- 5 1_Bpg+hast8 + ( + ) o2

where T again restrict attention to finite interest rate coefficients by looking only for solutions where 14+ R"ste £ 0
and 1 — Bp; + RMste £ 0. Rearranging this gives

0= R (1= Bpy) — w-+ (R ) (1= B, + RIIE) (14 R Zg |

which indeed matches equilibrium condition (34) derived above for R, thus showing that the equilibrium is the

same when I generalize private agents’ belief about current policy to the form in (35).

D.2.1 Corollary 1

The proof above of Proposition 2 gave the forms of f7 (R) and f;, (R) in (32). There, it was also shown that the

perfect information discretionary policy optimality condition is

. PI
Ye & — Y= —€my .

Again, using this condition along with the NKPC in (2) gives

PI _ K

1 - Bp;
= —~ 3 and §/' = Y
t 1 —ﬁpg+5nyt “

T 1—Bp, +er’
Then, this gives expressions for expectations:

~PI Py (1- 5/717) _

PI kPy gPL = \
e Bpy +ex”’

=———7; and
Tt 1—ﬁpg+5l€yt

which can again be used along with (1) to back out the implied optimal nominal interest rate in terms of {d;, g }:

+,PI 1 1 _ _
1’ =0o(l— d — 00— :Tn+ * K)+ * K .
t ( pd) t Qg 1 _Bpg —|—€K/yt t (fy ( ) fyyb( )) Yt

n
Tt

Returning to the imperfect information case, I next show how the interest rate behavior can be altered to

ensure determinacy so that the equilibrium in equations (18) and (19) is the unique path in this model. To do
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this, I add a term to the interest rate that reacts to deviations of 7; from its intended equilibrium path:

iy =i+ f5 (R) U+ f5 (R) Yy + ¢ (7 — 1)
= T? + (fg}< (R) - ¢7rrg) Yt + (f;b (R) - ¢7'r]-_‘17,b) gt\t + ¢7r7rt7

" K Bpg"’f . . er s
where 7; = + is the intended equilibrium.
tT1r R T (1 Bpy + Re) (14 Re) Mt d
N——
1—\’7 w
Y Ty

Clearly, along the intended stationary equilibrium path, m; = 7} so that the response of i; to state variables is the
same as without this extra term. What this term does change are the dynamics of [§; 7] , since the system of

equilibrium conditions now becomes

- 1 1-B¢, - 1
Yt 1+¢,. = +¢,. Y1)t * _ _

[ ] - 5 US%BK [ | ] - [ Uif’rﬁ ] ((fa (R) = 0.Tg) Gt + ([ (R) — 6:Lg0) Gt) -
T I+, 2 T+¢,% Te+1ft R

Then, determinacy of [§; ;)" is guaranteed by the largest eigenvalue of A being less than one:

145+ 145+ ) 2 3
per s \/<1+¢w§> — 4=

max {eig (A)} = 5 <l&s ¢, >1.
D.3 Proposition 3
Here, the equilibrium conditions in matrix form are
~CB 1 ~CB 1 -
Yy L5 Y | Ey =
! = o L i+ | 2 |m+ Z5,0Z2, t|ts (38)
Tt Kk 5 + B 7Tt+1\t - =
where the shocks are given by
T 0 _
Z1t = H Z1t-1 + e, e~ iid N (0, 2) ;
Zo Tor Yoo Z2i—1

with ¥ diagonal and the eigenvalues of Y being less than one in absolute value.

In the perfect information case, z;; = z; and the discretionary policy problem is

N s 2 € ) - .
min 5 ((thB) + —W?) subject to (38) where yf_ﬁn and ;4 1|, are taken as given
(23 K

= :lthB = —E&Ty.
Private agents suppose that the interest rate i; is
it = F1z14 + Fozoy + Fopzo 44,

while their information set is {it, A zéﬁl}. The same process described in Section 2.3 shows that beliefs are the
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following function of i; and exogenous lagged variables:

Zogy = Yrow2zi—1 + K, (it —Fi1z1: — Fs { To1 Too } Zi1 — F2,bZ2,t|t)

= (I+K.,Fs) ' (I-K.Fy) [ Yor Yoo } 21+ (L+K.Fap) 'K, (is — Frz1,).

Then, conjecturing a linear solution for §¢'” and 7; again leads to a linear conjecture for expectations:

~CB
[ Yiprpe

] =Mz 1 + Mazoy g = (M1 11 + MaTar) 21 + Ma Y207z ),
T410t

The current outcomes can then be written in terms of exogenous states and 4;:

~C'B 1 1 =-
5 = o (M1 Y11+ MoYo) — O (1T+ K, Fop) 'K.Fy |z 4 | 7 |z (39a)
T kK o+p =,
-1 Hgﬂ' .
+ ¥+ K Fop) (I-K:Fy) [ Tor T } Zt | | (39b)
)

1

K

where ¥ = [ MY 92 +

H...
Ejp and [ vt

0

+ Q-

g

K
o

=0 (I+K,Fop) 'K, — [

qx Q=
| I

Then, the discretionary policy problem and resulting optimality condition are
1 5
min 5 ((gthB)Q + —77?) subject to (39)
¢ K

I again limit attention to equilibrium solutions where HL > 0. Then, substituting this into the inflation equation
g Hy. g

and solving forward for m; gives

-1
T — Eﬂ',l 6
T = B — . cTt + Er1Z1 = 7 [I- i 111 Z1,¢
gy 1+ € 1+ T, €
Then, the optimality condition gives
_ -1
~CB H7r,7, € Sr1 IS T
T I-———F—Tu| 2z
g f 1+ e L+ e

This shows that fluctuations in the welfare-relevant outcomes g]tc B and 7, are only caused by z1,, and changes

in zz; and zy 4, do not affect these outcomes in equilibrium, so

dgf®  dmy  dgfP dmy

dzoy  dzoy  dzgyy  dzgyy
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These expressions also reveal that My = 0 and give the equilibrium expression for Mj:

-1

~CB Hqice —
Y “H..r =l
[ H'l‘t = h;y,ln 7;17 - I- é_[ - TH Tnzl’t.
s 1 ~te 14 F*t¢
t+1]t + H;.: + H; .
M,

Then, the discretionary policy optimality condition is equivalent to the perfect information case, since

ngi 1 ~1 1 Hﬂi
il = =01+ K,F K ——) =22 =

)

D.4 Proposition 4
I repeat the equilibrium conditions here for convenience:

L 1.
Yo = Y1 — o (it — Tpspe) + de — dypa

T = Byyaye + K-

The optimal discretionary interest rate policy under perfect information implements gf) I g = —Eﬂf I which

jjf]—gt _ —ER 1 :Ij
71'1{3] K 1—5,054—85 t

The optimal discretionary interest rate policy under imperfect information implements ; — 9y = —R £y, which

yields the solution

yields the following solution (as shown in the proof of Proposition 2):

Uo—9e | _ | —Re 1 By e +3
Tt K l—ﬁpg+R5 1+ Re Ytit — Yt Yt | -

The equilibrium belief error is

NS

(1+Re)* 2

2 14+ Re
e — e = (Kgfs (R) — 1) €5t + Kyoeqr = — €t — 5 €d.t
| (Kl s ! (1+Re)?%+1 " (1+Re)*G+1
which gives
1+ Re)? o2
ECB (gss__s)2 = ( + 6) 2Ud for s >t
t | 20
(1+Re)" 4 +1
_ N (1+R€202
EtCB [<y5|s - ys) ys] = - ) d for s > t.

2 02
(1+RE) Ufg—i-l
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Thus, in equilibrium,

Pl _\2 €, pn2 1 ex(l+er)
- +— (7 S
|:(yt yt) f{( t ) ] 2 (1_6pg+5/€)2yt
1 (R +n) < LB _)2
2 - +
2 (]' - B,Og + R6)2 1 —+ Re (ytlt yt) Yt

b= % {@t — ) + %W?] =

s _ 1/, 2 € 2 1 erx(l+ek) > B
ECBpPI — pCB 3 (t+1) + ((yPI —g ) + £ (WPI) ) _ 2t B (t+1) pCB [@72}
P t s;rl 2\ ’ RS 2(1-Bpy + 5/-;)2 S;-I ! °

o0

_ 1/, €

ECPLin =B Y g0 (G- 5.) + o)
s=t+1

1 e(R% +k) . Bp. N2
9 BS (t+1)ECB <y sls — YUs) + 5)
2(1—5%4—726)25;1 t 1+R£(y‘ ys) +9
_ 1 e(R*+4x) s (t41) OB [ 2 1 2(1+Re)—PBp; Bpy  (1+Re)o?
=3 2 Z/B E; [ys]_l_ 1R -7 =
(1—=Bpy+Re)” | S1a B + Re +Re (11 R % 11

Y

The difference in the expected future welfare loss is then

1 e(R%c+k 1+ <
BE® [ — L] = 3 ( et - elleey ) B 3]
(1—=Bpy+Re)”  (1—Bpy+er)”) ST
1 Bpy € (R’ +£) [2(1+Re) — Bpy] o3
21=8(1-Bp; + Re)? <1+Rg)2;§+1 '
To see that the first term is negative, note that Proposition 2 showed that R € [Fo, ﬁ] Then,
2
e (R% + k) 2: e (1 +¢k) for R —n
(1 - Bpy + Re) (1—Bpy +¢k)
2 1—06p;) R —
amdi 5(R€+I€)2: 52( 5py) 2§0f0r7€€[ﬁ, ~ }
dR (1 - Bp; + Re) (1 - Bpy + Re) 1= Bpy
2
e (R% + k) < ek (14 ¢ek) i forRe[/i, K }
(1 - Bpy + Re) (1—Bpy+ k) 1 = Bpy

The second term is clearly negative, since 2 (1 + Re) — Bp; > 1+ 2Re > 0.
The difference in the current period loss is

PI 1 g (RQE + IQ) K (1 + 5/43) 5

=1 = 2 2 5 | Yt
(1= Bpy + Re) (1—Bpy+¢r)

1 e(R%+k) Bpy Bpy L ) o

2 (1-Bpy +Re)? 1+ Re (1 e e = 3)"+2 (G = 9) yt) :

Again, the first term is negative, but the second term may be positive and larger than the first term.
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D.4.1 Corollary 2

If T exogenously impose that s, = ¥s, then this is equivalent to setting
_ ) _ N -
EtCB |:(y5\3 o ys) ] = EtCB [(ys\s - ys) ys] =0,

which gives

1 g (R2E + :‘€) oy (1 —+ gﬁ;) ©
EFP [ﬁtﬂ i 1] =3 ( — B85~ (t+1)ECB [ys]
t t+ 2 (1 _ ﬁpg + R«S)Z (1 N Bpg + 5/{,)2 S_;_l
<0 ifRE€ {n,l_’;p] :
Y

If T exogenously impose R = &, then the difference in the expected future welfare loss is

1
B _pPry_ 1
Ef [£t+1 £t+1] 92 (1 — Bpy + 55)2 s=t+1 then

1 exbpy s—(t+1) { 2CB CB
2(1-Bp, +sn)21+s;~; ;lﬁ (E [8'8] Eq [ys])

5’{5% s—(t+1) (CB _ pCB [=2
1—Bpy+exl+er ;16 (B [e155s] — B [95])

This is clearly weakly negative if

BCP (52, < BEP [52] and ECP (g5 < ECP [57] fors >t
Note that this is equivalent to

Var{® (yys) < Var{? (ys) and Covf’” (¥ys,5s) < Vary? (ys) ,
since EtCByS|5 = EtCngs for s > t, so

COUtCB (gs\sagS) =k
Vart® (yy.) = BEP [52,] - (BEP5,)°
E

VartCB (ys) =

Then, another set of equivalent conditions is

CO’Ut (ys\sa ys) <1
\/Vart (ys) Vart® (ys\s)

VartCB (ys\s) < VartCB (ys> and COTTtCB (gs|57gs) =

since this gives

CO'Ut y5|57 ys \/VQT ys Vart (ys\s) < VaTtCB (ys) .

()

erBpy S gttty {%EtCB [(§S|s _ 378)2} + 2B ()5 — 7s) ys}}



D.5 Proposition 5

Here, I consider the case where the central bank directly communicates d; to private agents prior to observing ;.
Then, agents infer y; upon observing ¢;. In equilibrium, private agents’ beliefs will be correct with dy; = d; and
Utj¢ = Yt However, a key feature of this setup is that the interest rate retains its signaling effect on gy, since from

the policymaker’s point of view, beliefs are the following function of #;:

1
Uoe = 5 (it — (fa— fap) dv) -
P
Thus, the policymaker’s choice has a marginal impact of dgg‘t =7 +1f— - on beliefs.
t Y Y,
Denoting this case with superscript ¢ (33) shows that the inflation-output tradeoff is at its steepest possible
value:
K
RI=——
1- Bpg’

with the following equilibrium outcomes under the optimal discretionary interest rate policy after taking into

account that beliefs are correct in equilibrium:

da_ K (1—Bpy)
(1—Bpy)” +er

ER

(1- ﬁpg)2 + ek

Yt-

g and g —g = —

Then, the associated welfare loss terms are

2 ¢ 2 ER
P on) S () e
(1—Bpy)" +er
CBrd OB N~ as—(in) L (= N\ € (_a)? 1 ER T s (t41) OB [2
By P LY = By Z B ) (ys - ys) + - (7r5> =3 3 Z B E; [ys] .
s=t+1 & (1 - pr) teR S

Compared with the case of full communication, communicating only d; is strictly preferable for any realizations

of the current shocks:

d_p1_¢Eh 1 B 1+er 72 <0
o (1-Bpy) +er  (1—Bpy+¢er)’)

252 1 2
ECB £d _ LPI _ ER ]. _ ]. +er pgyt + mag < 0
t t+1 t+1) — ? 2 3 1_ 2 < U
(1—Bpy)" +ex  (1—Ppy+er) Bpj

Both the current period welfare loss and expected future loss are lower in the case of communicating only d;, since

1 < 1+4+e¢ex
(1 —Bpg)2 +ex (1 —ﬂpg—i-an)T

ﬂngOandMZO:

On the other hand, when the case of communicating only d; is compared to the no additional communication
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case, neither case produces unambiguously lower losses for either the current period or for expected future welfare:

==

IR

K B R2c+ Kk 52
(1—5/)@)2'}—8% (1_/8Pg+R5)2 ¢
5(72254-/1) 5Pg 1 Bpg ) o ) N
B (1 — Bpy + R5)2 1+ R-c < (ytlt - yt) + (yt\t - yt) yt>

21+ Re

B { d 5 K R+ K Pg%thWLﬁU%
B (£H1_5”0:25 2 - 2] 1—pp2
(1-B8py)" +ex  (1—Bp; + Re) Br;
1 R2c+k (2(1+Re) — Bpy) Bpgaflo%'

g
+z
21—5(1—Bpg+735)2 (14 Re)* 03 + o2

The first term in each of these expressions is negative and reflects the benefit of maximizing the interest rate’s
effect on inflation expectations, thereby achieving the largest possible reduction in the stabilization bias through

the signaling channel. To see that it is always negative, note the following:

K R2%c+ K K
5 = 5 for R = 1 ,
(1=Bpy)" +er (1= Bp;+ Raze) — By
d R2c + K k—(1—-0Bp;) R

while — 5 = —2¢

K
<0 for 'RG[R ],
dR (1 - Bp, + Re)

(1 - Bpy +Re)” 1= Py
K R2c + K

for R ,—— .
(1—Bpg)2+€m N (l—ﬁpg+72€)2 or e {R 1‘50;;]

N

so that

The second term in EXB (EfH — £t+1) is positive, since 2(1 +Re) — fp; > 1+ 2Re > 0. This reflects the
loss of the benefit of decoupling the comovement in agents’ beliefs about the output target and its true value.
Thus, whether this type of partial communication is beneficial for expected future welfare losses is ambiguous for
general parameter values. Meanwhile, the second term in I — ; can always be positive for large enough negative
realizations of (§t|t — gjt) Jt, so this difference stays ambiguous even for a fixed set of parameter values.

The following can be shown for special parameterizations:

o As U?l — 0 while O'% stays positive, R — 1_7’;% . As the demand shock becomes more negligible, so does
the effect of communicating its true value. Even without any additional communication, the interest rate’s
signaling effect on inflation expectations is already high, so the further reduction in the stabilization bias
from communicating d; disappears. Furthermore, as O'?l — 0, private agents’ forecast errors regarding the
output target become negligible and their beliefs y;; approach the true 3, so the benefit of reducing their
comovement by not directly communicating also disappears:

al?jgo EtCBKH_l — EfBﬁfH

@%hﬁmi“wzu
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Here, the benefit of not communicating the true value of §; remains, so that

: CB CB pPI : PI
lim By Loy < Ep7Lify and lim b <.
o5—0 a5—0

2
]
the economy approaches a setting in which the flexible price equilibrium is always efficient and is achievable

e As oz — 0 while 03 stays positive, R — k. In this case, the inflation-output tradeoff disappears entirely and

regardless of the information setting:

lim ECBL 1 — EFPLY = EFBLl! if g =0

02—0

lim § — I8 =i/ if ey = 5, = 0.

2
oi—0

e If Bp; = 0, then the inflation-output tradeoff is no longer affected by private agents’ beliefs, since inflation

is driven purely by current marginal costs. Then, the information setting again becomes irrelevant:

ECPLi = BCPLL, = BCPLE if Bpy =0

=1 =1 if Bpy = 0.

D.6 Proposition 6
I repeat the equilibrium conditions here for convenience:

L 1.
Yo = Yerrle — (Zt - 7rt+1\t) +di — diga)

T = ,87Tt+1‘t + Iigt.

The optimal discretionary interest rate policy under perfect information implements gjf I'= ¢ (Wf I 7_Tt),
which yields the following solution:
?jtp ! _ € 1 — Bpz 74
Pl — 7 —1 | 1—-PBpz+er
The optimal discretionary interest rate policy under imperfect information implements 7, = —Rz £ (7 — 7t),

which yields the following solution:

Yt —Rzg 1 Rrebpz (. _
= K - — (1 — Bp-
[ T - Ty ] [ 1 ] 1— Bps + Rre <1 Ry (T =) = (L= Fpe) T )

with equilibrium interest rate behavior given by

Rz 1 1 1 €
iy = ody — dyjy—0——L—T — — — ——————— | Ra—Tys,
i w 01+R7—Tam+0<1+7€7—r5 erl—ﬁpﬁJrRT—rs) P
" 2(R=) Iz, (Rx)
1
where Qz =

(1—pz) (1= PBpz) — ngr‘
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Following steps from the proof of Proposition 2 yields the following equilibrium condition for Rz:

o, Om, ddye O, ATt o, Om, AT

R- — 01y Ody¢  diy OTye diy Oty 0Ty diy
L 04 y 0 ddu. Oy dftwe — Ofr  Ofr dWee
Dic T Odys i T O dis Diy T Omes dis
Bpx _ep. 1
(1-Bp-+Rxze)(14+Rxe) RWHK” o 1 (1 + Rﬁ—E) Rﬁ-%
= K By Rac . T Wwhere Kz = —— 5 o7 5 (40)
—PPrIxw e 1 o _ s _£
(1*ﬂpﬁ+RﬁE)(1+Rﬁs)R“nKﬂ o (1+R7"6) o2 + Rﬂ'n)

The same limiting cases hold as in the baseline setup:

l1+R7—r€:>R7_r K

= 0= Kz=- = —
Rz< 1 - Bpr

— 0= Kz 0= Rz — k.

:ﬁo‘&qw :nqw‘ng

Rearranging (40) shows that Rz must satisfy

1+ Rxe 02
Ry (1—Bps) — k= (k—Rz) (1 — Bps + Rre) ——r— 2.
Rz< o2
™ K T
Then, limiting attention to solutions where Rz > 0, shows that Rz € [/4, ﬁ}, since Rz € [0, k) produces a
negative LHS and positive RHS, while Rz > ﬁ produces a positive LHS and negative RHS.

The equilibrium belief error is

SN

(14 Rze)? o
(1 + Rﬁ€)2 % + (Rﬁ-%)

M‘

(1 + Rﬁﬁ) Rﬁ-%
(1+Rae)* & + (Raf)

3

Ty — Tt = (K fz (Rz) — 1) exg + Kroeqp = — GEmt — 5€d,ts

which gives

(1+ Rre)* o2
(1+Rze)* % + (Rs2)
_~)2 ;2
EFP [(fygs — ) 7] = — (1+2Rﬂf> Ti____ <0 fors>t.
(1+Ree)* 2 + (Rz5)

EFP [(7‘73|S — 7?5)2} = 5 >0 fors >t

Thus, in equilibrium

pr_ L{,pn2, €/, pr _ 2_1%(14‘5”)(1—5%)2_2
=gl L R =5 (1= By +er) "

17, 1 £(1+R2: RxeBp ,_ ) 2
"=3 i + % (m — 7" = 2(1 i(gp,r +Rir)s)2 (1 +€7§i€ (T =) = (1= ﬂpﬂ)”t>
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[e.9]
1/, _
BERCEL = BOP Y 0L () 4 S (nf )

K
s=t+1
= L= Ppa s (t+1) 2CB [~2
=—- 1+ il 5— E _
2 ( &) ("€ (1—Bpz+ EH)> s=zt;r1ﬁ t [WSJ
(o] o 1 . c i
9= 90 3% L (342 )
s=t+1
e Rice+k o _(t41) OB <Rﬂgﬂp _ ~ ) >2
= — ™ s E it 7r5 s — Te) — 1 _ - s
252(1—5%4—7%8)25;15 t 1+R7-r€( | ) — (1= Bpz)
- Rze 2 N~ e CB [=2
= _ ™ 1-— ﬁpﬁ B° t+1) g 72
2"52(1—ﬂp,—,+737—r5)2 {( ) S;l t [ ]
1 1 [2(1=Bpg) (1 + Rse) + ReeBps] RzeBpro?
21-p (1—|—’R7—rg)2%+(Rﬁ%)2

The difference in the expected future welfare loss is then

2 2 0
CB PI e (1—-Ppx Rie+k K (1+ ek) s—(t+1) OB [~2
B [Lon = Ligy] = 2 < K > <(1 Bp. +Rze)®> (1 7) 2 A IE [
—Bpz +Rze)”  (1—Bpzter)”/) S,
+ e 1 Ric+k 2(1 = Bpz) (1 + Rze) + RzeBpz] Rfré?ﬁpﬁﬂﬁ
21= B (1 - Bps + Ree)’ (1+Ree)* & + (Rrf)’ '

The proof of Proposition 4 showed that the first term is negative, since Rz € {/{, ﬁ} The second term is
clearly positive for positive Rz. Thus, the implications of full communication for expected future welfare will
depend on the parameterization. Unlike the case with an output target, output fluctuations and deviations of
inflation from target will actually be smaller when the inflation target 7;; moves with true inflation 7;. However,
no direct communication comes with a benefit of disciplining discretionary interest rate policy, so the net effect is
ambiguous.

The difference in the current period loss is

le 14+ R2< 1+ek _
lt_ltPIZQ(l_/Bpw)2< 2 2)772
K (1= Bpz + Rxre) (1 - Bpz +ekK)
£(1+R2E)  Razelp- (1 RreBps 2
K TK g i — v T (= = —(1— B — = — )
(1— Bps + Rze)” 1+ Rae <2 T+ Ree (e =)= (L= Bpg) (Fue = 7) m)

Again, the first term is negative, but the second term may be positive and larger than the first term, depending
on the realizations of shocks even for a given set of parameter values.

Now, I turn to the case where the central bank directly communicates d; to private agents prior to observing
it. Then, agents infer 7; upon observing 4¢. In equilibrium, private agents’ beliefs will be correct with dy; = d;

and 7;; = 7. However, from the policymaker’s point of view, beliefs follow

Ty = M (i — (fa + fap) d) -
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Thus, the policymaker’s choice still has a marginal impact of dgi‘t't = ﬁ

Denoting this case with superscript ¢, the inflation-output tradeoff is at its steepest possible value with

on beliefs.

K
R — 7
" 1-Pps

with the following equilibrium outcomes under the optimal discretionary interest rate policy after taking into

account that beliefs are correct in equilibrium:

e(1-Bpz) _ d = _ (1_ﬂpﬁ)2 -
(1- 507?)2 + E’iﬂ-t and = (1- /8/)7?)2 + Eﬂﬂt‘

~d
t

Then, the associated welfare loss terms are

da_L{/-a\N? €/ a -\?|_1 S(1-Bpz)?
¢ 2[(%) +/<;<7rt_7rt)]_2(1—Bpﬂ)2+€ﬁ;ﬂt

(e o]

0 2
CBrd = P Y s L ((za\2 L€ (a2 _ 1 5(1—5ps) S gD EOP [2
Et EtJrl = Et S:tJrlB 2 <(ys) + P (7'('3 71—5) ) - 2 (1 . ,Bpﬁ-)2 + ek s:t+1ﬁ Et [775] .

Compared with the case of full communication, communicating only d; is strictly preferable for any realizations

of the current shocks, since

le 1 1+er
d PI 2 _9
S T (R BT L
e I e Ut
le 1 1+e¢er >
BE (cha - £8h) = 35 -6 ( - ) 3 s e0E7 ] <o,
T 2k (1—Bps)’ +er (1—Bps +2r)° ; =
1 1
since fpz > 0 and ek > 0 = < ten

2 2"
(1—Bpy)" +ex  (1—Bpy+er)
Compared with the baseline no direct communication case,

1 R
(1—Bpz)* +ex  (1—Bps+er)® )’

£ (1+R2E #€BP5 mEPPr
= ( =+ 7TI{) Rﬂ-Eﬁpﬂ. <1R7r56107r (7_rt|t . 'ﬁ't)Q . (1 o Bpﬁ') (ﬁ-ﬂt — ’ﬁ't) 7_Tt>

2k

ltd_lt_lg(l_ﬁpir)2<

C (1-Bps +Rae)? 1+ Ree \21+ Ryze

le 1 1+R2E >
ECB Ed - — -1 - 2 ( N T K ) S—(t-‘rl)ECB 7—1_3
t ( b+l t+1) 2K (1= Bpz) (1—B8p-)*+ex (1 —PBp.+Rze)? S;Aﬁ e (]

11 F(4RED) 201 - Bps) (1 + Ree) + ReeBpz] ReefBpzo]
21 -8 (1-Bps + Rze)’ (1+R7—r5)2;‘—§+ (Rfr%)2 .

I¢ — I depends on realizations of shocks and is positive for a large enough positive (ﬁt|t — ﬁt) my. For general
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parameter values, both terms in E¢P (Ef - £t+1) are negative since the second term is clearly negative, while

1 14+ R2< K
— = 5 for Rp=—"—
(1=8pz)"+ex (1= Bpz+ Rze) 1= Bpz
1+ R2: — (1- Bps) Ra
and a + T K 2:_255 ( IBPW)Rg SO for Rﬁ—e |:H7I€:|
IRz (1 — Bps + Rxe) K (1 — Bps + Rze) 1 — Bpz
1 1+R2E
= 5 < + T K 5 for Rﬁ- S |:I{,, ,i:| .
(1—Bpz)" +er (1 - Bpz + Rxre) 1 - Bpx

D.7 Proposition 7

For convenience, I reproduce the policymaker’s welfare loss function and model equilibrium conditions here:

(o ¢]
1/ €
Ly, = Ef;B Zﬁt t°§ (th + EW%)

t:to
L 1.
e = Yerre = - it — mpp1pe — 0 (de — digape) | (41)
T = By + KYe + vt (42)

where dy = pydi—1 4+ €4; and vy = p U1 + €y

For the optimal policy problem, the shocks are assumed to come from independent Gaussian white noise processes

with constant variances 03 and o2, respectively. The information sets are:
I = {iy,d 0" and I0P = {3y, d' 0t} = {dy, v} U T

The policymaker has an initial supposition that private agents believe the current interest rate behavior to be
described by

it = fade + fapdys + fovr + fopvse

Then, beliefs mirror the baseline case and are the following function of lagged states and i;:

fv + fvb Ky .
d,; = d Kypdi—1 — Kgp,v4—1) + ?
TN Ko fop + Kafay (Bopadir = Kapyvi-1) 1+ Ky fop + Kafap
fa+ fap K, ,
Uiy = : Kap,vi_1 — Kyp di—1) + U,
t|t 1+ vaq;,b + ded,b ( dPyUt—1 vPaat 1) 1+ K’va,b + ded,b t
fali
where K4 = % and K, = 202](7”
figs + 12 figt+ 13

Following the same process as in the proof of Proposition 2 gives the optimality condition:

ok + Om, ddye Oy dves
Oiy T Ody; div | Over di
09 4 0f ddue O, dvu.
8’it 8dt|t dit 8’L)t‘t dit

- €
U — Yt = —Ry—7m where R, =
K
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Solving for ¢; using this optimality condition and substituting this into the inflation condition gives
T = BTpp1)e — Ro€e + K + vp.

By restricting attention to nonnegative values of R, I can iterate this forward while using the fact that v, =
pi}vt‘t to get a solution for 7; in terms of {vt,vﬂt}. Substituting that expression for m; back into the optimality

condition gives the solution for ¢; in terms of the same state variables:

S 1 o+ B Ve
1+ Re (1= Bp, + Rue) (1 + Rye)
o Rv% Rv%ﬁpy
T TT R (1= Bpy + Roe) (1 + Rye)
This immediately reveals that
ome Oy _ 0 o _ Bpy and e _ R Bpy
Odyy  Ody TOvy (1= Bp, +Rue) (1+Rue)’ Ouyy (1= Bpy, + Rue) (1 + Rye)

In addition, the solutions for 7; and 3; can be used along with (1) to back out the implied nominal interest rate

in terms of {dt,dﬂt,vt,vt‘t}:

W = 0o (dt — dt+1|t) + T+ 0 (gt—i—l\t - ?]t)
7?4)E lp "‘Rvé(l—P ) ,R/vE
— d, — d + K o!”v K v/ K .
\U t— b e 01+Rvsvt+a ( 1—Bp, + Rye 14+Rye Vil
T‘? \—V—/
f': (RU) f,:,b(Rv)
671't agt

Using these optimal response coefficients along with the expressions for Doy and Com gives the equilibrium con-

dition for R,:

Bpy

TR K, - 1 RE(A+R
Rv — (1 pr-i-’l?uia)ﬁ(:—i-Rva) v crl where KU _ 2 (L (2 — 1)5) 5. (43)
v =8P, : €
T (1-Bp,+R.e)(1+R€) Ky — o 7 (1 + RUS) 07,25 + (RUE)

Again, when Bp, = 0, the terms involving K, drop out and R, = k.

This condition can be rearranged into a fourth-order polynomial:

0 = R+ R0 [0+ R B+ (R2)] + (RE) 0}
U (R )

K
Thus, there are up to four distinct equilibrium values for R,. For jé > 0, the coefficient on the R% term is
3 (0—3 + %) > 0, and the term that is constant in R, is —« (1 — 8p,) Z—é < 0. Then, Descartes’ rule of signs says

oy
that there must always be at least one positive root for any values of the other parameters.

Note that rearranging (43) shows that R, < k if attention is limited to solutions where R, is real and

—K {(1 — Bp, + Rue) [(1 + Rye)
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nonnegative.

/Bp'u,R’vé .
K—TRy= - £ — >0 if R,>0.
(Rv)™+ (1= Bp, + Roe) (1 4+ Roe) 2

2
94
o2

v

Now, I look at the cases given by the limits of

e When Z—Z] — 00, K;, — 0, so (43) gives R, = k as the unique solution. The policymaker’s problem under

perfect information in this setting is

N T S PN
min — + — ) ,
it 2 <yt KJTrt
subject to (41) and (42), with dy; = d; and vy, = v; being exogenous to the policymaker’s choice of ;. Then,
it is clear that the optimality condition is the same as the one given in the proposition with R, = k.

e When Z—g — 0, (43) becomes the following quadratic equation:

v

Bpy
Roe

1+R
>, sinceKv—>E + TCue

Ry=r(1- - e
H< o Rpe

If ek < 48p,, then no real roots exist. Otherwise, there are two real positive roots with the larger root being

ek + \/(5/@)2 — 4ekfp,
2e

< K.

D.8 Proposition 8

I now add to the baseline case a markup shock that private agents are perfectly informed about (that is, Z; =

{it,vt,d"1, 5" 1}) so that the equilibrium conditions become:

L 1/
Yt = erapp — o (it — Tpsae) + de — dypap

T = BTyyaye + KYe + vt

Conjecturing a solution that is linear in the expanded set of state variables {dt, di|ts Uts Ygts vt} results in expecta-

tions of future outcomes of the form

Yit1)t M| P 0 dy)e
i1t 0 py Y|t

Private agents now suppose that the equilibrium interest rate can be described by

+ M, p, vt

it = fadi + [0 + fove + fapdye + FgpUse-
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Beliefs are derived using the same procedure as in Section 2.3, which results in

Jg+ fgp _ Ky .
dyy = : Kipgdi—1 — KapzGe—1) + iy — fyv
T Ky fy+ Kafap (Kgpadi—1 = Kapghi1) 1+ Kyfyp + Kafap (i = fur)
_ Ja+ fap _ Ky .
= : Kapygi—1 — Kgpgdi—1) + it — fovt)
eIy Ky fg0+ Kafap (Kapgti—s ) 1+ Ky fgp + Kafap (ie = fovr)
where Kg = = and Kj = — - as before, and, along with the believed policy coefficients, are again taken
fis+f; fis+13

as given by the discretionary policymaker.
Following the same steps as the proof of Proposition 2, I use the form of expectations and beliefs to write the

output gap deviation and inflation in terms of the exogenous states and i; so that the discretionary policy problem
becomes

L _\2 , € 2
m,an((yt—yt) +/<;7Tt)

‘I’ [ Ky (fg+ fap) —Ka(fyg+ fap)

. G-y | —Ky(fa+ fap)  Ka(fa+ fap) ] padi—1 1 -1 || d
subject to [ ] = L+ Ky s + Kafas +

Tt pygt—l K 0 Yt
K,
v,
S v - a + 0|
K BB | 1 U+ Kofyo+ Kafay | " | Hea |
1 1L 0 0
where ¥ = 5 e M [Z]d —| 7 0
S + 4 Py KpPq

SEERSEES
|

Hg’i = —
Hy; | 1+ Kzfye+ Kafap
Then, clearly, the optimality condition is again

T

€
Ut — Yp = —R— ith R = —=.
Yt — Yt mﬂt w1 Hg,i

Substituting this into the equilibrium conditions and solving again for the endogenous variables as I did in the

proof of Proposition 2 gives

K _ K By _ 1
eIy RN T 1+R51—ﬁpg+7€5yt|t+ 1—Bp,+Re "
_ 1 Re Bpy _ RE
TR T TR Bpg+ gzpff;yt't T 1-Bp, +Re
[@tﬂulz 0 % [Pd 0 [dt|t]+[—1ﬁ7§ﬁm]pvt
Tt 0 % 0 py Uyt Wiwgg v
h v ™,

85



Then, this implies that the interest rate can be written in terms of {dt, dijt, Uy et vt}:

=0 (dt - dt+1|t) + M1 + 0O (?]t+1\t - ﬂt)

ol pudg) - — g (L L Ny pemtREAp),
O Pt T R 1+Re Q1 fp, +Re)M 1-fBp, +Re
s (R) 2y (R) f:(R)

It is clear that the equilibrium conditions between {M, Ky, 15, 15 b R} are the same here as in the previous case
without the additional cost push shock and so the equilibrium value(s) of R are also the same.
In the perfect information case, conjecturing a solution that is linear in state variables {dy,y;, v} results in

expectations of future outcomes of the form

[?jffut]_M[Pd O][dt
PI -
Tt 0 py Yt

Then, the output gap deviation and inflation written in terms of exogenous variables along with the interest rate

it (e D1 [ 2

Thus, the discretionary policy problem is equivalent to minimizing the current period loss subject to this condition.

+ M,p, vt

is

M. p, +

Qlx Q|

1

Then, the perfect information discretionary policy optimality condition and equilibrium conditions (including
interest rate behavior) are again the same as the imperfect information case with « in place of R.
In the limit where Z—é — 0, it is still the case that R — 1tRe
Y

—~=. However, I will now show
that this is not equivalent to commitment to a rule of the form

K 3 _ _
1_7%7 since Ky —

it =1y + [0+ fo U + fove

The belief g;; in the limit where j—é — 0 is again given by
Y

Yt —yt+*€dt
\ fe

Following the same steps given in Section Appendix B to obtain a solution under a given linear interest rate rule

provides me with the solution

[.@t—gt]:_ L (1-ppp) (fe+ 1) +1 ] [ Quog (1= By +5) (14 52) + L
0 B (fot fg,) P kg, (1 By + +/»’( Lo ywlye |
2p,—=fe(1- Bp)
R

(1—p,)(A-Bp,)—=p,

86



Then, the optimality conditions for f7 and fyf , are the same as in the proof of Proposition 2

0= EgB tzt 5t_t0 ((?jt - gt) (1 - 5)0@) + €7Tt) [_igt + (fi’;)Q Gd,t]
— y

> . 1 1
and 0 = ECP Z B (e — ) (1 — Bpy) +eme) {—Uﬂt - fgﬁd,t:| .
p— y

The new optimality condition for fS is

6 > 1 13 ° g K
0— ECB t—to,<~_— 2 € 2):>O:EC’B t—to ( (7 N, E '
ofc to 7;:05 9 (e —9e)” + H”t to tgt:oﬁ (Ut — Ut) + /cﬂtl —Bp, U

Using the equilibrium solutions for 4; — g and 7; and evaluating expectations from an ex ante unconditional

perspective gives the following set of equations that satisfy all three optimality conditions and determines the

optimal policy rule coefficients:
1 *.c %.c K *,C *,C
0= (Ung (1= Boy) (£ + £75) + 1> (1= Bog) + 205 (£ + 137

. NN e : AW

0= 0, (1- 8oy + ) L+ e | + e e x 305 (1= 8oy + = +5) 1+ e | +ngie
%pv_% ;76(1_pr) +e 1_pv_§f;’c

(1 - pv) (1 - /pr) - gpv (1 - pv) (1 - ﬁpv) - gpv

0=

The resulting solutions are:

1
T,C = —0g—
fq 1+ 1—55%
oot (=) (L= Bpy) — Gy
7,b 1+ 1_55% 1— Bpy + 1_55/)?7

%pv—{_l%gp“(l_pv)
1_ﬁpv+1fT?pU

f*aC —
S

Then, it is clear that

1
f*’czf*< : )#f*< g >:Uapv+1_%py<1—pv)
! "\ 1-Bp, “\1-Bpy 1= Bpy + 1=,

and

*,C __ f* K * K .
I _f“<1—ﬂpv><f“<1—ﬁpy> iy < py

E (]‘ - ﬁpv) (1 - pv) - gpv

> (0 when p, €(0,p).
K [1-Bp,+ Re]? v € 10:7)

since fi' (R)=o¢
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D.9 Proposition 9

In the case that lagged observations are not seen perfectly, beliefs are now given by a Kalman filter. To solve for
these beliefs, recall that the latent states and the interest rate signal are perceived by the private agents to be of

the form

di = pgdi—1 +€aqp, €4p~ N (0, 03)
Ut = pgli—1 + €z, €5t ~ N (0, 0%)
it = fadt + ¥t + fapdye + 7,000

The circularity of the signal can again be resolved by conjecturing a belief structure and then writing the

problem in expectational errors defined as z7“"” = x; — 2;;_1. The conjecture I use is

d [ dyy, Kq | . v T
= | T T (i = fadge—r — Fapdie — FaTe—1 — fosTie)
Yi|t | Y1 Ky
[ du K d dyjy—
_ _tlt U I [fa fa) _t — _t|t ! in equilibrium,
| Ueje1 Ky Yt Yt|t—1
dyr_ [ 0 dy_1)4—
where _t|t L= |Pd _t e
Ytlt—1 0 py Yp—1jt—1

Thus, the expectational errors can be written in state-space form as:

i | _ | pa 0 1 — Kafs —Kafa di™ 4|
yi'" 0 py

~Kyfa —Kyfa v
sur . “ derr
i, = <1+ded,b+Kgfg,b) [fa f3) [ ‘ ] :

yt—l Egzt
—err
Yy

In this case, the steady-state Kalman filter gives

de’l"’l” derr _ ~ R R der’r‘
[ e ] =| M4 K (ifu’"p —ﬁfﬁﬁ) =K (1 +ded,b+Kyfg,b> [fa f3] [ o ] :

Yt Ytjt—1 Yt

-1
Where k = P f(f ] ((1 -+ ded,b =+ kgfgb) |: fd fg :| ]5 ;d ])
7 7
-1
5_ | ra O 5 5| Jd 15| fd REARRZE oz 0
0 py P=r fJ([fd fy}P yD {fd fy]P Opy]+[0 ai]

This fulfills our original conjecture with

Kq
Ky

and the property that fy Ky + ng@ = 1 is maintained.
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Beliefs as a function of past beliefs and i; are

_ _ . N K
dyy = Afy i f%bA (szdt\t—1 - Kdﬂt|t—1) + =  __ it (44a)
L+ Kyfyp + Kafap 1+ Kyfyp + Kafap
) + A i |
(T Afd fd’bA (Kdyt|t71 - Kﬂdt|t71) + = o it (44b)
1+ Kyfgp + Kafap 1+ Kyfgp + Kafap
dygae | _ | pa O dy)e
Y1)t 0 py Y|t

Then, I follow the same steps as the proof of Proposition 2 and use the linear form of expectations

Yert M| P 0 dy)t
i1t 0 py (7

to write [ — 7 ] as a linear function of prior beliefs, exogenous states, and i

o | Koyt fan)  —Kalfy+ fap)
U =0t | _ —Ky(fa+ fap)  Ka(fa+ fap) dypy | [0 ) [ ] ]
Tt 1+ Ky fy+ Kafap k0

0 0
M Pd | Pd
0 py Kpg O

o I

Now, the discretionary policymaker’s problem can be written as the following Bellman recursion, where his

] it, (45)

Yt|t—1

1 1
where W = o
K o+

v

A~

Yyt Y
and = ~ . —
Hr 1+ Kyfyp + Kafap

Qx Q=

choice today now has an effect on the expected future welfare loss, since today’s beliefs become the prior for period
t + 1 beliefs:

_ _ . Ty oo € _ _
V (de, G dijp—1, Geje—1) = min {2 ((yt —5)° + E”%) + BEFPV (des1, Ger1, desaes yt+1t)}

Yoo Teybt,det1)e,Ter1)t

subject to (44) and (45).

Then, the FOC and envelope condition combine to give the optimality condition:

. Hp;e B 1 < OJiy1 2 OJry1 2 > CB [~ _
Ut — Y+ T = — 3 = pala+ ———pyKy | By [Jt+1 — Ge1 46a
Hyi k Hyi 14+ Kyfyp + Kafap \ iy I Oy’ ol | (462)
,3 1 <6’/Tt+1 ~ 87rt+1 o ) € CB
- - - paKg+ ——p: Ky | —E; a1, (46Db)
Hj;1+ Kyfgp + Kafap 8dt+1|t ¢ 6yt+1|t )T

Matching coefficients gives the same equilibrium value for M as a function of the interest rate coefficients as
the case derived in Appendix Appendix B where agents could see lagged beliefs.

To prove that an interest rate of the form

it =1y + fg + f7.000
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cannot satisfy this optimality condition, I use these supposed policy coefficients and show that the optimality
condition, (46), is violated. Substituting these policy coefficients into (45) gives an equilibrium where ¢; — gy and

7y are linear in {gt, gjt‘t}:

Ge= | _ | apg (L= Bpg+5)Q (fg + fge) + 5 fab gt | 1T > 15 7
u Bop (1= By + 5 +8) Q0 (fy+ fan) + 5 | | —5f5 |7
where M = — 0 %Qﬂ (1_597;) (f§+fﬂab)
0 Q5 (fy + fap)
ond | Hoi | 1 5Py (1= Bpy +5) Qy (fg + fyp) + 25 Ky + : .
Hr i L+ Kyfyp — Kaopg \ | 5p5 (1= Bpg+ 5 +8) Q (f5 + fz) + 5 fg 5

Then, this gives

dyii1 o ki dyii1
ddy 1)

Y1 <dyt+1t+1 o AP . )

— 1% Kd + _7pr*
8Z/1t+1|t+1 ddt+1|t d dyt+1|t vy
oy KyKgo (1 — py)

OUse 1+ Kyfyp + Kafap

(g — Pa)

and similarly for m;41. This simplifies (46) to

Yt — Ye + ZZ;ZM = Iﬂiz K[lej _if{)gfj pi);(l - pzd) ;;ft BB [ﬂtﬂ — Ut+1+ miﬂtﬂ]
gJg,b dUPd}
whore Hri _ [oa (L= By + 5+ 8) Q5 (fy + fyo) + foo] Ky +1
Hyi [y (1= Bpy + 5) Q (f5 + frp) + fya] Ky +1
om /0yt _ P (1= Bog+ £+ 8)Q (f5+ fap) + fap
Ot/ Oyt py (L= Bpy + %) (f5 + fap) + fap

Then, in general, the LHS of this condition is linear in {gjt,gjt‘t} while the RHS is linear in {gt,gﬂt,dt — dt|t}
through Etc B U+1)¢+1, since

Yt1)t+1 = Py¥eft + KQ (o (digr — Pddt\t) + fy (41 — Pgﬂﬂt))
= B PGy = pglge + Ky (0pa (de — dye) + Fapg (50— Tu)) -

Since the coefficients on these variables are not collinear functions of {fy, fzs}, it will in general be impossible
to find values of {fy, fys} that satisfy this condition. Thus, the optimality condition cannot be satisfied by

it =1y + [yYt + [ypYye for general parameter values.

D.9.1 Corollary 3

In the special case where IA(gIA(d (pg — pd) = 0, (46) does hold with f; = o and f4, = —op, and the condition

collapses to the same as the case where agents could see true states with a lag:

Ut — Gt = —
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Substituting this into the equilibrium conditions shows that the interest rate rule features the same responses to
{gjt, gjt|t} as in the case where agents could see lagged fundamentals. The condition —f(gf(d (pz7 — pd) = 0 captures
the case where the current policy choice no longer affects future outcomes, since it no longer affects the future

belief 44 1);41. This can be broken down into the following subcases:
1. Kg =0 (& K= fi) In this case, equilibrium beliefs are given by
. d do — 1 . : _
Ytjt = PyYt—1jt—1 and dyp = Tit fan (i — (fg + fo5) Pglie—1jt—1) -

Then, the interest rate only affects the current belief d;; and not future beliefs.

2. K;=0 (& Ky =7 LY. In this case, equilibrium beliefs are given by

_ 1 .
dije = pads—114—1 and Gy = X o (ie — (fa + fap) pddt71|t71) .
g Iy,

Again, the interest rate only affects the current belief g, and not future beliefs.

3. pq = py = p: Note that beliefs are a discounted sum of past interest rate news:

d 0 ][ d_y Ky
7t|t _ | Pd 7t 1ft—1 n A y ] (it—iﬂt—l)
Y|t 0 py Ye—1lt—1 1+ Kyfge + Kafap
K, S

dy)y = Py (Gt—j — i jje—j1

tlt 1+Kyfyb+ded Jz:%d( 3 U—glt—j )

- K; > )

i = z > oy (frj = dr—j—j1) -

1+ Kyfgp + Kafap

Il
=)

J

When the autocorrelations are equal, the interest rate forecast is a function of only the current interest rate:
ipi1pe = p (fadus + fgue + fapdye + fgbne) = pic  since fadys + fiye = fade + fgbe.

Then, beliefs collapse to a function of just today’s interest rate in equilibrium:

A ~

d Kd iﬂj ( . ) Kd .

tit = U—j — Plt—j—-1) = = = (2

| L+ Kyfgp + Kafap e 1+ Kyfyp + Kafap
Ky o Ky

Yt = p’ (it—j — pit—j—1) =
| 1+Kyfyb+dede ’ ’

- - it
1+ Kyfyp + Kafap
Thus, the optimal policy problem is again one where the interest rate only affects current beliefs.

In the special case where p; = 0, imposing f; = o and fq, = —op, simplifies the optimality condition to

B KyKapso (1—pg) i
- N N 3 9
Hy [1 + Ky fgp — KdUﬂd] O

Ut —Ge +eme = — ECB [Jii1 — o1 + emiga]
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This clearly holds if the central bank maintains ¢; — §y = —em; V¢, which is the same optimality condition as the
perfect information case and is consistent with the initial supposition of f; = o and fy, = —0opy.

In the special case where p; = 0, equilibrium beliefs are given by

Tes1pesr = Pyl + Ky (Fadera + f3 Te1 — pglne)) = B Pherajers = pgle + Ky fopy (T — Tie) »

and the right-hand side is now only a function of ¢; and g;;. Then, it is verified that the optimality condition
holds, with fq = o, fq» = —0op,. In general, the coefficients f; and f;;, will differ from the case where lags can be

seen, since the coefficients in that case only set the left-hand side to zero.

Appendix E Empirical relationship from structural model

In this section, I show that giving private agents an additional signal about m; and using a special parameterization
where p; = p; = p allows the structural model to produce the same key regression equation as the reduced-form
empirical model. In fact, it can be shown that this parameterization admits a VAR(1) representation of the
structural model (derivations available upon request). I continue to assume that p € [0,p) and that there is a

given interest rate rule:

it = fade + fapdye + f50c + fg0Use, where f5 <0, fz+ fyp <0, fa >0, fa+ fap>0.

Using the solution in Appendix B, the solution for the output gap and inflation under an interest rate of this

form is

[ﬂt ] _ [ —2Q(1=8p) (fa+ fap—o(L—p)) — (1 = % fa) ]dﬂt

T —EQ(fa+ fap—o(L—p)) —r (1 — 2 fa)
n —%Q(l—ﬁp)(ﬁ;*‘fy,b)*‘%fg Jue + —%fd —%g dy
—EQ(f5 + f30) + £ | (1—Lf) ~5f | ||
where Qg = Q5 = L

(L=p)(1=Bp)—%p

Imagine now that agents receive another signal, which is
st = e+ €54 = Dady + Ty + Tapdyy + Dy o + €5ty €0 ~ N (0,05,1)

where the I"’s are the coefficients in the solution for 7;. Then, the private agents’ belief formation problem can be

written in state-space form as
d di— € € o2 0
7t — ) 7t 1 n dit ’ at | N(0,Sqz4 1) where Sz, 1 = d,t—1 )
Yt Yt—1 €.t €yt 0 Ty,t-1

i | _ | fa fy dy fap  fop dy)t 0
MR IR A et

I follow the procedure of Svensson and Woodford (2003) to deal with the circularity involved with signals 4; and
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s¢ depending on beliefs. I conjecture a form of beliefs and then write the system in innovations. The conjecture is

dy | _ [den ] (T ][ fa g dev | [ fap fon | [ du
[yﬂt] p_@?t—l i t([&:] [Fd F-]p[yt—1] [Fd,b Fy,b][yﬂt])

| 7l
B 7] €dt
di— ; 0 '
= 7t 1 + Kt fd fy €5t
Yt—1 rq I'y 1
- - €s,t

Then, writing the system in expectational errors defined as zf{"" = x; — E [x¢|Z; \ {is,5:}] yields

df"’?” _ €d7t

ng’r Eg’t
Jap  fop K, fa [y c_it N 0 .
Lap Typ Iy Ty (7 €s,t

isurp

t

[ﬁwp]:<l+

Then, beliefs are
dgtr ]
Y

d dy_
7t|t = 7t 1 +
Ye|t Yt—1

dfﬁr dgrr
. -sur sur
where g =B\ T\ i s} it st
t|t
/
T 2 .surp
— Sugi fa Tq I+ fay  fyb K | =, Zimp
fs Ty Lap Tgp L s
S Jap  Jgp . fa fy |5 o Ja Tq L]0 0
- Lap Tgp La Ty |7 fy Ty 0 02,4

Since [ Ly Iy } = [ K (1 — %fd) —ofy ], this matches the conjecture above with

A -1
K;, Kj fa Ty fa [y fa Ta 0 0
Kt = il’t i’t = Edﬂ[jvt*l ’ Edzg’t + 2
Ky Ky fo Ty Ly Ly fs Ty 0 051
(% 505,7&—1 +fda§,t—1> Uz,t—1 ’ffygaz,t—ﬂg,tq

2 1 2 2 2 2 2
(“ (1 - Efd) Ogi—1 T Us,t—1) fy%,t—l —’ffz?fdad,tq%,tq

2 2 2. 2 2 272 9 2
(fdad,t—l + y"gt—l) Osi—1 Tk fﬂad,t—lay,t—l

Using the fact that f; < 0 < fg, I obtain the following properties for fixed interest rate rule coefficients:

K., <0< Kj, Kj, K

sie JaKG,+ 5Ky =1, faK§, + [3K5, = 0.
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Then, I can write forecast revisions and the lagged nowcast error as

Tje — Tgjg—1 = [ Lag+Taqp I'y+Tgs } < [

dy)t
Y|t

di_q)-1
P _
Yt—1]t—1

)

K dt—l di_ 14—
Z—*Q{fd+fd7b*0(1fp) fz7+f17,b}/) ~ — | Tt
o Yt—1 Ye—1)t—1
€d,t
K fa fz O ’
—;Q[fd+fd,b—0’(1—0) fy+fy,b}Kt[Fd F?{ 1] €gt
Y €s,t
di—1 di 114
M1 — Mp—1jt—1 = [ k(1—2fa) —%fy } ([ g | [ gt Het ])
t— t—1t—1
K d h d hlt—
Tiphlt — Tithlt—1 = ——§2 [ fa+ fap—o(L—p) fy+ fap } CEhle )| Tkl =ph (e — Teje—1) 5
o Yt+h|t Yt+hlt—1
where
d d b fa €d,t—1
-1 —1ft—1 " : :
e S T [ K Ky (1= ) (K = 2K500) =1 Ko | | e
Ji—1 Yt—1lt—1 -1 €si-1
. s,t—
€dt ] -1r
fa fz O B fap  fop i P
€yt = |1+ K, surp | *
ry I'y 1 . Lap Dyp St
st |

This allows me to write forecast revisions as linear in the lagged nowcast error, the interest rate surprise, and

other inflation news:

Y fa
Tt — Tt|t—1 — T |:fd7b - ?fg,b —o(l— P)] (7th1 - 7Tt—1|t—1)
]
-1
kS fap  fop i P
_7 [ fd+fd,b_a(1_p) f§+f277b }Kt <I+ Fd,b Fg,b Kt S;fsuﬂ? ’
where qurp = it —F [Zt‘It \ {it,st}]

Q d
sTUP = gy — Tyjt—1 + % [fd,b - ;_fg,b —o(l— P)] (7Tt71 - 7Tt—1|t—1) + €spt-
y

Further algebraic manipulation yields a relationship of the same form given by the above empirical model:

Tosnle — Topnfi—1 = p''sh (it — E [ie| Ty \ {ig,5¢})) + p"<5 (e — myp—1)

+ phHINE (1—-¢7) (7rt—1 - Wtfl\tfl) + phgf%’t’

Q
where ¢VF = - [cr (I—p)— fap+ fdf%b] does not depend on variances.
Y

When I additionally assume that fq < o and f; + f4p < o (1 — p), this is sufficient (but not always necessary) to

obtain the following properties:
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St

.Sy

i

may be positive, ¢f >0, ¢VF >0.

2
. . g _ ; . . .
increases with Ug +_ for U;” L large enough, ¢; decreases with 0’% .1 and increases with 03 1
? 1 ) N

gt—

: 2 s 3 ; 2 2
decreases with o5, 4, ¢f increases with o3, ; and o di1-
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Appendix F Empirical robustness checks

Table 7: Baseline effect of federal funds rate surprises on inflation forecasts controlling for news about real
output growth

Dependent variable: T, 1y — Ty ni—1

h = 0 1 2 3
i — g1 0.233 0.234 0.285%*  0.133
[1.14] [1.61] [2.25] [1.24]
T =T 0.095%%  0.019 0.029 0.033
[2.31] [0.80] [1.31] [1.46]

M1 —Tais 0.210%FF  0.150%%%  0.073%%%  (.099%**
[3.41] [3.84] [3.01] [3.54]
Y — Tt 0.002 0.003 0.010 0.013
[0.07] [0.25] [1.01] [1.19]
Y1 — i1 0.028 0.009 0.006 0.003
[0.97] [0.47) [0.44] [0.20]
Adjusted R?  0.324 0.265 0.200 0.215
N 88 88 88 88

Notes: The sample is quarterly data from 1989:Q1 to 2011:Q1, with 1992:Q1 dropped due to the switch in the SPF from the GNP to GDP
deflator, making the lagged forecast unavailable in that period. ***/**/* Statistically significant at 1, 5, and 10 percent, respectively.

96



Table 8: Effect of federal funds rate surprises on inflation forecasts, controlling for news about real output
growth with a high vs low prior uncertainty interaction

Dependent variable: T, 7,1y — Ty ni—1

h = 0 1 2 3

iy — g1 X Stdy_; low  —0.070 0.035 0.066 0.102
[—0.27] [0.22] [0.57] [0.83]
iy — ty—1 X Stdf_; high 0.689%** 0.484** 0.667*** 0.123
[2.13] 2.12] [3.44] [0.48]
Ty — Tep—1 X Stdj_; low 0.054 —0.022 —0.007 0.027
[0.75] [—0.50] [—0.21] [0.71]
Ty — Tye—1 X Stdf_, high 0.114** 0.037 0.046* 0.039
[2.03] [1.14] [1.69] [1.48]

i1 — T—1je—1 X Std]_; low 0.267*** 0.205%** 0.103***  (.115***
[3.35] 4.07] [3.12] 2.84]

M1 — T—1jp—1 X Stdf_, high 0.138** 0.063* 0.056* 0.079*
[2.47] [1.69] [1.77] [1.84]
Yr — Ygje—1 X Stdf_, low  —0.004 0.013 0.006 0.007
[—0.14] [0.65] [0.50] [0.45]
Yt — Yge—1 X Stdf_, high  —0.005 —0.014 0.019 0.021*
[—0.18] [—0.80] [1.63] [1.80]
Yi—1 — Ye—1je—1 X Stdj_; low 0.065 0.013 0.010 0.007
[1.36] [0.46] [0.55] [0.32]
Yi—1 — Ye—1je—1 X Stdf_; high  —0.001 —0.001 0.008 0.004
[—0.03] [—0.07] [0.39] [0.21]
Stdy_, high 0.152* 0.084 0.094** 0.034
[1.83] [1.65] [2.28] [0.70]
Adjusted R? 0.340 0.297 0.265 0.171
N 88 88 88 88
P-value of F-test of

difference in 4; — 7, coef 0.070 0.111 0.010 0.943

Notes: The sample is quarterly data from 1989:Q1 to 2011:Q1, with 1992:Q1 dropped due to the switch in the SPF from the GNP to GDP deflator,
making the lagged forecast unavailable in that period. ***/** /* Statistically significant at 1, 5, and 10 percent, respectively.
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Table 9: Baseline effect of federal funds rate surprises on inflation forecasts, controlling for news about
unemployment

Dependent variable: T, 7,1y — Ty ni—1

h = 0 1 2 3

Ty — Ug¢—1 0.208 0.197 0.210* 0.130
[1.02] [1.36] [1.79] [1.19]
T — Tei—1 0.090** 0.012 0.015 0.023
2.01] [0.43] 0.65] [1.00]

i1 — T—1ft—1 0.198%** 0.148%%* 0.075%** 0.099***
3.48] [4.07] 3.54] 3.73]
Ui —Up—1 —0.084 —0.072 —0.093 —0.078
(-0.36]  [-0.50] ~112]  [-0.81]
U1 —Ui—1p—1 —0.196 —0.117 —0.281* —0.030
-0.62]  [-0.56] —1.70]  [~0.18]
Adjusted R? 0.324 0.277 0.272 0.213
N 88 88 88 88

Notes: The sample is quarterly data from 1989:Q1 to 2011:Q1, with 1992:Q1 dropped due to the switch in the SPF from the GNP to GDP
deflator, making the lagged forecast unavailable in that period. ***/**/* Statistically significant at 1, 5, and 10 percent, respectively.
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Table 10: Effect of federal funds rate surprises on inflation forecasts, controlling for news about unemploy-
ment with a high vs low prior uncertainty interaction

Dependent variable: T, 7,1y — Ty ni—1

h = 0 1 2 3
iy — ty—1 X Stdf_; low  —0.093 0.031 0.047 0.119
[—0.42] [0.23] [0.47] [1.01]
iy — g—1 X Stdf_; high 0.846%** 0.435%* 0.548%** 0.069
[2.75] [2.22] [2.79] [0.23]
Ty — Tqe—1 X Stdf_; low 0.051 —0.032 —0.012 0.023
[0.75] [—0.83] [—0.38] [0.60]
Ty — Tye—1 X Stdf_; high 0.131*** 0.047* 0.029 0.021
[3.08] [1.80] [1.16] [0.76]
i1 — T—1je—1 X Std]_; low 0.224%** 0.195%** 0.095%** 0.110***

[4.89] [6.30] [4.11] 3.33]

i1 — T—1ji—1 X Stdf_; high 0.115** 0.052 0.035 0.067*
[2.38] [1.48] [1.38] [1.77]
Up — Upp—1 x Stdf_, low  —0.514** —0.325%* —0.206** —0.116
[—2.05] [—2.37] [—2.09] [—0.78]
Up — Uyy—1 x Stdf_; high 0.357** 0.224** 0.033 —0.042
[2.37] [2.18] [0.43] [—0.42]
U1 — Up—rjp—1 X Stdf_; low  —0.095 0.166 —-0.014 0.079
[—0.19] [0.58] [—0.06] [0.31]
U1 — Up_1jp—1 x Stdf_; high  —0.461 —0.482%* —0.458** —-0.172
[—1.27] [—1.91] [—2.30] [—0.69]
Std]_, high 0.183** 0.092* 0.091%** 0.023
[2.23] [1.82] [2.43] [0.46]
Adjusted R? 0.407 0.353 0.327 0.170
N 88 88 88 88

P-value of F-test of

difference in 4; — 4,1 coef 0.015 0.097 0.026 0.880

Notes: The sample is quarterly data from 1989:Q1 to 2011:Q1, with 1992:Q1 dropped due to the switch in the SPF from the GNP to GDP deflator,
making the lagged forecast unavailable in that period. ***/** /* Statistically significant at 1, 5, and 10 percent, respectively.
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Appendix G Effect of interest rate surprises on output fore-
casts

In this section, I repeat the exercises in Section 7.3 for real output forecasts. Romer and Romer (2000) finds
that the Federal Reserve also possesses an information advantage in forecasting real output relative to the SPF
although the evidence seems to be weaker than that for inflation forecasts (Sims (2003) confirms this difference as
well). Nevertheless, it may be possible that a signaling effect of interest rate surprises also exists for real output.

All the variables used in these exercises are constructed in the same way as those corresponding to the above
inflation measures. Table 11 shows that the prior uncertainty measure for output exhibits slightly stronger, but
still small, correlations with macroeconomic variables and other measures of uncertainty than the prior uncertainty

measure for inflation. The contemporaneous correlation between Stdy and Std} is 0.55.

Table 11: Correlations between Std} and macro variables

T Ti—1 Ty Tit1

Macro Variables
Inflation —0.12 —-0.06 —0.19**
Real GNP/GDP growth —0.22** —0.05 —0.01

Uncertainty Measures
Google econ uncertainty index — 0.28%%  (0.22*%% (.12
Stock volatility 0.12 0.02 —0.09
Policy uncertainty index 0.17*  0.13 —-0.04

Notes: These correlations are computed with the longest samples available in the data. The sample sizes
vary between 110 and 124 quarters. *** /** /* Statistically significant at 1, 5, and 10 percent, respectively.
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Table 12 shows the baseline effect of surprise interest rate tightening on real output forecast revisions. The
coefficients are large and positive for shorter forecast horizons but turn negative at the farthest forecast horizon.
Nakamura and Steinsson (2013) also find a positive effect of interest rate surprises on real output forecasts from

the Blue Chip Economic Indicators survey that is larger and more statistically significant for shorter horizons.

Table 12: Baseline effect of federal funds rate surprises on output forecasts

Dependent variable: ¥, — Yernji—1

h= 0 1 2 3
by — Ugt—1 1.245%* 0.763 0.014 —0.314**
[1.94] [1.40] [0.07] [—2.11]
ye—Taim 0.205%FF  0.115%%%  0.060%%  0.027
[4.21] 2.92] 2.07] [1.25]
Yot — a1 0.204%FF  0.096%%  0.030 0.002
[3.73] [2.40] [1.47] [0.14]
Adjusted RZ  0.468 0.315 0.097 0.027
N 89 89 89 89

Notes: The sample is quarterly data from 1989:Q1 to 2011:Q1, with 1992:Q1 dropped due to the switch in the
SPF from real GNP to real GDP, making the lagged forecast unavailable in that period. ***/**/* Statistically
significant at 1, 5, and 10 percent, respectively. Heteroskedasticity-consistent ¢-statistics are given in brackets.
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Table 13 estimates the same equation with the addition of interactions with a variable indicating whether STL
is below or above its median. Compared with the baseline results, the coefficients on interest rates surprises in
periods of high uncertainty are much larger except for the farthest horizon. However, unlike the estimates for
inflation, the differences are not statistically significant. Moreover, the interactions on the news captured by the

lagged forecast goes in the direction predicted by the model, while the interactions for nowcast errors do not.

Table 13: Effect of federal funds rate surprises on output forecasts with a high vs low prior uncertainty
interaction

Dependent variable: ¥ {n; — Yitnp—1

h = 0 1 2 3
i — 1 x Std?_, low  1.022%  0.252 —0.140 —0.321%*

[1.98] [0.54] [—0.63] [—2.25]
iy — -1 X Std]_; high 2.058 1.921* 0.309 —0.338
[1.21] [1.69] [0.70] [—0.86]
Yr — Yui—1 X Stdy_, low 0.249%**  (.129** 0.068 0.041
[3.81] [2.22] [1.63] [1.30]
Yr — Yee—1 X Stdy_, high 0.123** 0.059 0.039 0.009
[2.04] [1.54] [1.01] [0.38]
Y1 — Yi—ip—1 X Std]_, low 0.220%4%  (.150%** 0.043 —0.005
[3.36] [3.02] [1.48] [—0.23]
Yi—1 — Yi—1—1 X Std}_; high 0.174** 0.044 0.016 0.003
[2.24] [0.87] [0.55] [0.13]
Std? ; high —0.078 0.109 0.077 0.056

[—0.46] [0.90] [0.77] [0.90]
Adjusted R? 0.468 0.337 0.067 0.005

N 89 89 89 89

P-value of F-test of

difference in i, — 4,1 coef 0.562 0.178 0.368 0.967

Notes: The sample is quarterly data from 1989:Q1 to 2011:Q1, with 1992:Q1 dropped due to the switch in the SPF from real GNP to
real GDP, making the lagged forecast unavailable in that period. ***/**/* Statistically significant at 1, 5, and 10 percent, respectively.
Heteroskedasticity-consistent ¢-statistics are given in brackets.
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Table 14 shows that similar results can be obtained from an estimation with a continuous interaction with
prior uncertainty. Again, I standardize the prior uncertainty measure to have zero mean and standard deviation of
one. The point estimates on the interaction between interest rate surprises and prior uncertainty are all positive
as predicted by the model, but are not statistically significant at standard levels. One possible explanation for the
evidence being weaker here is the above-mentioned fact that the Federal Reserve’s information advantage is less
strong for output than it is for inflation. Another explanation is that real output growth is not characterized as
well by an AR(1) process as inflation is. This could imply that there are omitted variables in the above regressions.

This issue will be addressed in future work.

Table 14: Effect of federal funds rate surprises on output forecasts with a continuous prior uncertainty
interaction

Dependent variable: ¥y — Yeynji—1

h = 0 1 2 3
i — Ty 1.266% 0.864* 0.026 —0.297*
1.77] [1.68] [0.12] [—1.79]
iy — ey X StdY_,  0.166 0.809 0.325 0.201
[0.21] [1.17] [1.64] [1.27]
Yo —Toer 0.199FFF 0.104%* 0.054* 0.025
[3.94] [2.60] [1.77) 1.12]
i — Y1 X Std?_, - —0.033 ~0.019 ~0.012 —0.016
[—0.58] [—0.48] [—0.36] [—0.72]
Y1 — a1 0.197FFF 0.091% 0.025 —0.002
[3.39] [2.36] [1.38] [—0.10]
Yoot — Tt X Stdl_,  —0.022 —0.077FFF  —0.044%%  —0.010
[—0.51] [—2.70] [—2.16] [—0.65]
Std?,  0.033 0.146%* 0.108***  (.060*
[0.39] [2.63] [2.80] [1.87]
Adjusted R2  0.446 0.340 0.126 0.023
N 89 89 89 89

Notes: StdY_; is standardized to have zero mean and standard deviation of one. The sample is quarterly data from 1989:Q1 to 2011:Q1,
with 1992:Q1 dropped due to the switch in the SPF from real GNP to real GDP, making the lagged forecast unavailable in that period.
*ax [xx [* Statistically significant at 1, 5, and 10 percent, respectively. Heteroskedasticity-consistent t-statistics are given in brackets.
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