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Abstract

This paper studies optimal monetary policy in an environment where policy actions provide a
signal of economic fundamentals to imperfectly informed agents. I derive the optimal discretionary
policy in closed form and show that, in contrast to the perfect information case, the signaling channel
leads the policymaker to be tougher on inflation. The strength of the signaling effect of policy
depends on relative uncertainty levels. As the signaling effect strengthens, the optimal policy under
discretion approaches that under commitment to a forward-looking linear rule, thereby decreasing
the stabilization bias. This contributes to the central bank finding it optimal to withhold its
additional information from private agents. Under a general linear policy rule, inflation and output
forecasts can respond positively to a positive interest rate surprise when the signaling channel is
strong. This positive response is the opposite of what standard perfect information New Keynesian
models predict and it matches empirical patterns found by Romer and Romer (2000) and Campbell,
Evans, Fisher, and Justiniano (2012). In addition, I substantiate the existence of a signaling channel
by providing new empirical evidence supporting the predicted interaction between uncertainty and

the responses of inflation forecasts to interest rate surprises.

1 Introduction

It has become widely accepted that expectations play a key role in the decisions that drive
economic fluctuations. How these expectations are formed has been a subject of much debate.
With a few exceptions, the majority of macroeconomic models feature private agent expec-
tations of economic fundamentals that are formed independently of policy actions. However,
there is a growing body of both anecdotal and empirical evidence supporting the view that
monetary policy actions, in fact, communicate information about the economy to the public,
and thereby affect agents’ expectations. Thus, it follows that optimal policy may be altered

when policy actions also influence the economy through this channel.
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In this paper, I study both theoretically and empirically, a setting where asymmetric in-
formation exists between the policymaker and private agents. I assume that the policymaker
has more information about the state of the economy than private agents. This assumption
captures the central bank’s private information about policy targets and its access to some
confidential data. A central bank can also be better informed due to devoting more resources
to processing data available to all agents!. In this environment, rational private agents gain
information from observations of monetary policy actions that respond to these fundamentals.
This process through which policy affects private agents’ beliefs about the state of the economy
is what I refer to as the signaling channel.

My first key result is that, for a given monetary policy, the model can produce positive
responses of inflation and output forecasts to positive interest rate surprises. Second, I provide
a closed-form solution for optimal policy under no commitment. The main conclusion is that
the signaling channel alters the policymaker’s tradeoff in a way that allows him to credibly
implement an equilibrium closer to the one possible under commitment. This is one of the
reasons behind my third key result showing that it can be beneficial for the policymaker to
withhold his extra information from the public. Lastly, I present empirical evidence of a positive
effect of interest rate surprises on inflation forecasts which is concentrated in periods when prior
uncertainty about inflation is high. This result adds to existing empirical evidence of a monetary
policy signaling effect.

The analysis is conducted using a standard New Keynesian model with consumers and
firms who have homogeneous, but imperfect information about exogenous shocks. Firms are
monopolistically competitive and face a nominal price-setting friction. These two elements lead
to the following inefficiencies: a standard monopoly distortion and dispersion in prices when
there are fluctuations in nominal marginal costs. The allocative distortion associated with
price dispersion translates to the efficient level of inflation being zero. In this setting, welfare is
maximized when inflation and output are stabilized around their efficient levels?. The central
bank can always achieve zero inflation and bring output to the level that would prevail under
flexible prices by stabilizing nominal marginal costs in a way that leads firms to never want
to change prices. Therefore, the policymaker is able to maintain the first-best outcome in
response to any shocks that do not create a difference between the flexible-price and efficient
levels of output. However, when there are shocks that drive a wedge between the flexible-price
and efficient output levels, a policy that moves output closer to the efficient level will result in
nonzero inflation. This inflation-output tradeoff is the central tension facing the policymaker.

In the baseline model, there are two exogenous shocks: government demand and a time-

varying target for the gap between actual output and the flexible-price level®. The output gap

"'With costly information processing, a central bank that devotes more resources to information processing, relative
to private agents, is ultimately better informed about relevant economic fundamentals.

%] assume a constant wage bill subsidy financed by lump sum taxes that offsets the average monopoly distortion.

3Similar policy target shocks have been used by Faust and Svensson (2001) and Mertens (2011).



target 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. Another
interpretation is that it captures exogenous variation in a politically-motivated output target
that differs from the socially efficient level. The government demand shock does not create an
inflation-output tradeoff for the policymaker while variations in the output gap target do. The
policymaker is better informed than private agents about these shocks and sets the nominal
interest rate conditional on this extra knowledge, thus making it a signal to private agents
about these fundamentals. This setup reflects a narrative often seen in the popular press: upon
seeing a negative interest rate surprise, private agents can interpret this as a countercyclical
response to weakness in the economy (lower demand) or a desire to further boost activity (a
higher output gap target).

The logic of private agents’ belief formation process reveals that the signaling effect of policy
actions depends on the relative uncertainty over demand versus the output gap target. When
uncertainty about demand is high compared to uncertainty about the policy target, interest
rate surprises lead to larger revisions in private agents’ beliefs about the demand level and
smaller revisions to beliefs about the output gap target. The recent crisis provides a good
example of a time when uncertainty about economic strength was particularly high and indeed,
the press has interpreted many recent policy actions as indicators of economic strength. For
example, after the release of the December 2007 FOMC meeting minutes, the New York Times
published a story entitled "Discussion of a Fed Cut Only Stirs Up Concerns About a Weak
Economy" stating that "while investors usually cheer an impending rate cut, the minutes only
fueled anxiety that the economy would fall into a recession". Later on, after the February 2010
decision to raise the discount rate, the Financial Times released an article entitled "Fed Discount
Rate Rise Sends Recovery Signal". Interestingly, this was 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".

My first key result is that when the policy response to demand shocks is inadequate and
positive interest rate surprises are a strong enough signal of higher demand, the model produces
a positive response of inflation and output gap forecasts to these surprises. This result does
not rely on the presence of an output gap target shock and only requires a source of noise
preventing agents from perfectly inferring the demand shock from observations of the interest
rate. Therefore, this mechanism can explain the empirical patterns documented by Romer and
Romer (2000) and Campbell, Evans, Fisher, and Justiniano (2012) which show small increases
in forecasts of inflation and real economic activity following positive federal funds rate surprises.

Turning to the question of optimal discretionary interest rate policy, I show in closed form
that the interest rate’s signaling effect on private agents’ beliefs about the output gap target
makes accommodation of these target shocks more costly. That is, bringing output closer to its

target now leads to larger inflation fluctuations compared to the perfect information case. This



change in the inflation-output tradeoff reduces the stabilization bias that typically exists when
the policymaker cannot commit and private agents are forward-looking. This stabilization bias
generally results in excessively large inflation fluctuations. To better understand the source of
this bias and the intuition behind the result, note that raising the output gap in response to
a positive target shock incurs short-run inflation determined by the price-setting behavior of
firms. This inflation-output tradeoff is summarized by a New Keynesian Phillips curve linking
inflation to the output gap and expected future inflation. A discretionary policy typically
accommodates output gap target changes too much relative to the optimal response under
commitment due to contrasting effects of policy on this expected future inflation®.

Inflation expectations can be split into agents’ expectations of two components: (i) future
economic fundamentals and (ii) future policy responses to those fundamentals. In a perfect
information setting, a policymaker who cannot commit to future policy has no effect on either
part. Therefore, he does not account for the effect of his current actions on previous periods’
inflation expectations. On the other hand, a central banker who commits to a policy rule inter-
nalizes this intertemporal effect. He recognizes that committing to maintain smaller responses
of inflation to shocks will reduce inflation expectations in prior periods and allow for greater
stabilization.

When the policymaker has an information advantage, a discretionary policymaker now af-
fects inflation expectations through the interest rate’s signaling effect on expectations of future
fundamentals. I show that greater accommodation of output gap target shocks will make agents
more aware of these shocks, thus leading to higher current-period inflation expectations. This
tilts the discretionary policymaker’s short-run inflation-output tradeoff in favor of accommo-
dating these shocks less and maintaining smaller inflation fluctuations. That is, the signaling
channel allows a discretionary policymaker to be credibly tougher on inflation without making
explicit policy commitments. The policy’s departure from the optimal discretionary policy in
the perfect information case depends on the amount of influence that policy actions have on
private agents’ beliefs. As this marginal effect approaches its largest possible value, I show
that the optimal discretionary policy becomes equivalent to the policy under commitment to a
forward-looking interest rate rule. Therefore, maintaining an information advantage allows the

5. This is a contributing factor in my next result

policymaker to reduce the stabilization bias
on communication policy.

Using this model, I address communication policy by examining whether direct communica-

4This is in contrast to the positive average inflation bias that occurs when the policymaker targets a level of output that
is above the flexible-price level on average. Clarida, Gali, and Gertler (1999) and Woodford (2003) provide explanations
of both the stabilization and average inflation biases in similar New Keynesian models.

’The signaling channel will generally not allow optimal policy under discretion to achieve the same welfare possible
under an unrestricted commitment. In particular, optimal discretionary policy continues to be forward-looking with
the interest rate responding to past shocks only through their effect on current beliefs. This contrasts with an explicit
commitment of responding to lagged shocks for the purpose of improving the set of achievable outcomes intertemporally
which has been shown to lead to higher welfare in the perfect information setting (Woodford (2003)).



tion of the policymaker’s additional information to the public improves welfare. In addition to
the baseline no direct communication case, I consider communication of either both or one of
the exogenous states to private agents prior to their observation of the interest rate. I assume
that the interest rate follows the optimal discretionary policy corresponding to each case. Here,
I find that the welfare is lowest under full communication of both states so that there is a
benefit of maintaining an information advantage. The gains from intransparency come from
two sources: (i) a reduction in the stabilization bias as discussed above, and (ii) smaller over-
all fluctuations under imperfect information even absent a reduction in the stabilization bias.
Keeping information away from firms reduces the effects of shocks on firms’ expectations of fu-
ture marginal cost changes. This reduces inefficient fluctuations on average. Thus, some form
of intransparency is always beneficial in this setting®. I also show that the current welfare effect
of choosing partial versus no communication will always depend on the current realizations of
shocks. Therefore, the communication policy problem in this environment will generally exhibit
time-inconsistency.

In the last part of the paper, I present new empirical evidence of a signaling role of the
federal funds rate. This analysis focuses on inflation forecasts from the Survey of Professional
Forecasters published by the Federal Reserve Bank of Philadelphia. I measure federal funds rate
surprises using futures prices following Kuttner (2001) and estimate a slightly positive effect of
these surprises on inflation forecasts over the 1989Q1-2011Q1 period. This echoes a result from
an earlier sample in Romer and Romer (2000). I then decompose this overall effect by showing
that the effect is especially strong in periods when forecasters had high uncertainty regarding
their previous forecast. This further substantiates an explanation based on a signaling effect
of these policy actions. Competing explanations for the positive overall effect, such as a cost
channel where higher interest rates raise firms’ financing costs, do not naturally generate this
type of interaction’.

In another set of empirical results, I estimate time-varying gain coefficients measuring the
response of inflation forecasts to general news about inflation. I estimate the coefficients at an
annual frequency for the 1971-2012 period and show that there is substantial variation in this
coefficient over time. Furthermore, I show that these estimates are negatively correlated with
forecast dispersion and positively correlated with subjective uncertainty in a way that is consis-
tent with the predictions of the noisy information framework. This adds to the evidence found
in Coibion and Gorodnichenko (2012a) and Coibion and Gorodnichenko (2012b) in support of
the noisy information framework.

Lastly, I explore a few extensions of the model which illuminate some general properties

of optimal policy when the interest rate has a signaling role. One property is that, if the

®Note that I show this under the assumption that direct communication by the central bank is noiseless and costless.
Gains from intransparency would only increase if this communication were obscured by signal noise or a friction such as
sticky information a la Mankiw and Reis (2002) or rational inattention as in Sims (2003).

"I show below that forecasters’ subjective uncertainty is not highly correlated with economic activity.



policymaker only has superior information about shocks that do not generate an inflation-
output tradeoff, optimal policy is invariant to the presence of a signaling channel. I also show
using a different set of shocks that when the interest rate has a signaling role, optimal policy
responses to shocks can change even for shocks that the central bank does not have superior
information about. This occurs because the signaling channel incentivizes the policymaker to
maintain smaller inflation deviations conditional on any shock to the economy. When I add a
shock to the firms’ price-setting condition, the signaling channel can lead the policymaker to
be too tough on inflation relative to a policymaker who commits to a forward-looking interest
rate rule.

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 discretionary
interest rate policy in Section 4 with a discussion on the value of information in Section 5.
Section 6 outlines extensions of the model. In Section 7, I present empirical results supporting

monetary policy’s signaling role and Section 8 concludes.

1.1 Related literature

This paper is related to several literatures. First, I find theoretical results that complement
previous work on the signaling effect of monetary policy actions by Cukierman and Meltzer
(1986), Faust and Svensson (2001), Geraats (2007), Walsh (2010), Berkelmans (2011), and
Mertens (2011). Cukierman and Meltzer (1986), Faust and Svensson (2001), and Geraats
(2007) focus on how the signaling channel ameliorates the average inflation bias present when
the central bank has a positive average output target. In this paper, I find a complementary
result showing that the signaling channel can also lessen the stabilization bias present when there
is no average inflation bias. Cukierman and Meltzer (1986) and Faust and Svensson (2001) both
use models where agents’ behavior depends on lagged expectations which are a function only of
past policy actions. Thus, the presence of a signaling channel does not affect the policymaker’s
short-run incentives in their models as it does here. Walsh (2010) and Berkelmans (2011)
focus on using numerical methods to study the signaling channel in models where agents have
heterogeneous information.

The paper closest to mine is Mertens (2011). However, he focuses on a case where the central
bank is more informed only about their policy objective and not other economic fundamentals.
I complement his work by showing how this framework is able to produce the empirical results
found in Romer and Romer (2000) and Campbell, Evans, Fisher, and Justiniano (2012) when
agents also have imperfect information regarding demand shocks. Furthermore, he provides
optimal policy results using numerical simulations whereas I can provide closed-form expressions

and show links between discretionary and commitment policies by assuming that agents are



able to see lagged true values of fundamentals.

My result on the benefits of central bank intransparency are consistent with the numerical
analyses in Faust and Svensson (2001), Walsh (2010), and Mertens (2011). In contrast to these
papers, I precisely characterize the sources of gains from intransparency. This finding differs
from the conclusions reached in models where private agents’ lack of perfect information is
the only friction such as those in the spirit of Lucas Jr. (1972) and Barro (1976)%. In a more
stylized setting, Angeletos and Pavan (2007) finds a similar result that less information can be
beneficial in an economy that is inefficient under perfect information.

My empirical work finds similar results to those presented in Romer and Romer (2000) and
Campbell, Evans, Fisher, and Justiniano (2012) and also relates to the estimation of noisy
information models in Coibion and Gorodnichenko (2012a) and Coibion and Gorodnichenko
(2012b). To this literature, I add new estimates of time-varying responses of inflation forecasts
to news and show that they correlate with forecast dispersion and prior uncertainty in the
directions suggested by noisy information models. In addition, I show that the slightly positive
estimates of inflation forecasts’ responses to policy actions found in Romer and Romer (2000)
are robust to using interest rate surprises identified based on federal funds futures prices. I take
this result further by showing a positive interaction between these responses and subjective
uncertainty over previous inflation forecasts.

Ellingsen and Soderstrom (2001), Erceg and Levin (2003), and Gurkaynak, Sack, and Swan-
son (2005) use an interest rate signaling effect to explain various features of the data including
inflation persistence and the response of the yield curve to monetary policy actions. Melosi
(2013) estimates a dispersed information DSGE model where monetary policy has a signaling
effect since the policy rate is assumed to follow a Taylor rule that responds to aggregate vari-
ables which individual firms cannot observe. He shows that allowing for a monetary policy
signaling effect enables the model to fit inflation forecast data from the SPF better than the

corresponding perfect information model.

2 Model

2.1 Setup

The model that I use to study the signaling channel of monetary policy is based on a standard
New Keynesian model with monopolistically competitive firms and sticky prices in the style
of Calvo (1983). Fluctuations are driven by an exogenous demand shock as well as a shock
to the policy target for the output gap. I assume that the monetary authority has perfect
information while consumers and firms have homogeneous but imperfect information on these

shocks. Private agents observe shocks perfectly with a one-period lag and get information

8Even when information frictions are the only frictions, full communication may be suboptimal if the central bank
cannot give perfect, homogeneous information to all agents (Adam (2007), Baeriswyl and Cornand (2010)).



about current values from observing a nominal interest rate that responds linearly to current
state variables. I first describe the model structure and then provide details on the information
structure and belief formation.

2.1.1 Consumers

There is a representative household who maximizes utility that is additively separable in time,

labor, and consumption of a composite good made up of a continuum of varieties
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The economy is cashless. Each consumer gets profits from all firms, pays a lump sum tax,
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The resulting consumer demand for each variety j is
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2.1.2 Firms

There is a continuum of firms who each maximize profits subject to aggregate demand for their
good which consists of consumer demand and exogenous government demand. I assume that

the government consumes the same composite good and allocates their demand across varieties



in the same way as consumers. Then, firm j faces total demand of
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where Y, is aggregate real output defined as
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Production technologies are identical across firms and linear in each firms’ labor
Yj = ALy,

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
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Firms reset prices during periods chosen randomly such that each firm faces a 1 — 6 probability
of being able to reset their prices in each period. Firms who cannot reset prices charge their
previous price. When a firm can reset its price, it maximizes the net present value of profits.

Profits from k periods ahead are discounted according to the stochastic discount factor of
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constraint which reflects the shadow value of wealth in period ¢ + k.

the consumer-owners 3 where \;,; is the Lagrange multiplier on the consumers’ budget
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Since firms employ identical technologies and hire workers from a centralized labor market,
all firms that reset their prices choose the same optimal price in a given period (i.e., =D

V7). Then, the aggregate price level evolves as
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2.2 Equilibrium conditions

Unless otherwise noted, let lower-case letters represent log deviations from steady-state values
(i-e., z; = In (X;/X)) and let private agents’ expectations be denoted by xy; = E [xy|Z;]. Then,

log-linearizing the above optimality conditions around the deterministic steady state leads to



two equations characterizing aggregate output and inflation dynamics.
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where d; is an aggregate demand shock that originates from government spending
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U represents the gap between output and its natural (i.e., flexible-price) level
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The coefficients can be expressed in terms of steady-state values and structural parameters.
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The first equilibrium condition in equation (1) stems from the resource constraint and the

consumers’ Euler equation
Ct = Ce1t — % (it - 7Tt+1|t)

The real interest rate gives the price of consumption today relative to tomorrow and so its level
determines the difference between period ¢ and expected ¢t + 1 consumption. When it is kept
at zero, consumption stays at its steady-state level. To determine the relationship between
the output gap in period t and the expected ¢t + 1 output gap, the expected growth rate of
government spending net of variations in the natural level of output also has to be accounted

for. This is captured by the natural real rate of interest
T? =0 (dt — dt+1|t)

The New Keynesian Phillips curve in equation (2) is derived from firms’ pricing behavior,
consumers’ labor supply, the resource constraint and the evolution of aggregate prices.

I now define a real interest rate gap between the actual real rate and the natural rate

This real interest rate gap affects the output gap in the same way that the real interest rate
affects consumption. When it is kept at zero, output stays at its natural level. In this model,
this also gives zero inflation. When I examine output gap and inflation responses to interest

rate surprises in the next section, it will be convenient to do so through the lens of 7;. Equations
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(1) and (2) can be rearranged to show that shocks affect current outcomes through expectations

of next period’s outcomes and the real interest rate gap

- - 1.
Yo = Y1 — —T¢
o
~ R
Ty = [T + Ky — ;Tt

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 gap target shock 7, and private agents’ beliefs.

iv = fady + fapdep + f3be + foplep (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 that’s similar to an exogenous interest
rate shock since it only enters the model’s equilibrium conditions through the interest rate. I
will first characterize the equilibrium under general policy coefficients to illustrate the effect
of the interest rate signaling mechanism in this model. I 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 = padi—1+ €qy (5)

Y = pgl-1+t g (6)
where €4, is serially uncorrelated and normally distributed with mean zero and variance 7,_;.
Similarly, €;, is serially uncorrelated and normally distributed with mean zero and variance
a;t_l. The two shocks are uncorrelated with each other and I do not restrict the stochastic
properties of 0(2“_1 and O';t_l 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 implies that private agents cannot see the true current values of 7, and 7; (other-
wise, they can infer d;). My preferred explanation of this setup is that it describes a situation

where individuals face idiosyncratic shocks and are not aware of current aggregate conditions.
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They also do not see current aggregate outcomes as these are based on decisions made simulta-
neously 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 €.
I choose not to proceed with a setup using idiosyncratic shocks in order to abstract from the
issues involved with an interest rate providing public information when private agents have
heterogenous information.’

I assume for now that they observe lagged state variables perfectly (perhaps through ob-
servations of lagged aggregate outcomes) which mimics the information setup used in Lucas
(1973) and many subsequent papers. They also observe i; which gives an additional piece of
information about the current shocks. Formally, the information set of private agents in period
tis

To={i"d 5" (03)" . (o2)'}

Meanwhile, I assume that the central bank has perfect information about the entire history of
exogenous variables up to time ¢. Thus, the central bank’s information advantage is captured
by knowledge of the current shocks {€s¢, €;¢}. One 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 short-run incentives that will be central to the optimal
discretionary policy problem. I discuss the case where lagged true values cannot be seen as an
extension in Section 6.2.

Since the shocks are AR(1) and past shocks are perfectly observed, previous observations
of the interest rate do not give additional information. 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 = padi—1 + Kay (it — Japadi—1 — fapdye — fpg¥i-—1 — fg,b@t\t)
Uit = pghi—1 + Ky (ie — fapadio1 — fapdue — fopgh—1 — FyoTut)

for some K4, Ky, that I will later solve for. Then, I can write the evolution of the shocks and
the interest rate in terms of expectational errors defined as z{"" = x; — E [24|Z; \ i¢). Note that

this error for ¢; corresponds to an interest rate surprise defined as the difference between the

9Morris and Shin (2002), Angeletos and Pavan (2007), and Lorenzoni (2010) examine these issues in other settings.
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observed interest rate and the one expected based on all period ¢ information except for the

interest rate itself. Thus, I use the notation ;""" to denote this expectational error.

derr = €qy
U= e
i = (14 fanKas + fanKg) (Facar + fa€or) (7)

This is now a standard signal extraction problem which gives

2
err fdadt 1 1 .surp
tt  —  r2 2
faodia + 13050 L+ fapKar + fplpe
—err fﬂay t—1 1 -SUTP
Y4¢ = 23 — U

f&oﬂ¢f1'+’f g,t— 1+ fapKar + fanky,

Since xy; = xteﬁr+E [24|Z; \ ], beliefs will fit the form assumed above so that, in equilibrium,

they depend on lagged true states and current shocks

2
9d,t—1

dg2
dye = padi—1 + i T (fa€ar + fy€ze) (8)
d,t—1
izt Iy

0g,t—1

Kgt
_ I3
Y = Pg¥—1 + W (fa€as + fy€q.1) 9)
+ Iy
Kyt
The AR(1) form of d; and g then implies that dy 5 = pZdHt and Yyp) = pggt|t.
Note the following properties of K;; and Ky,

L falay + fKye =1

The first property is equivalent to the expression

fadye + fyye = fade + 50

The linear combination on the right can be perfectly inferred through i;. Since agents know the
form and coefficients of the interest rate rule, the same linear combination of their beliefs has
to match the observed sum on the right. Then the belief formation process can be understood
as agents observing a sum 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
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importance of that shock in the sum. The second property shows that more of this observed sum
is interpreted as coming from a demand shock when the interest rate rule responds relatively
more to demand shocks (f 4 is high) or when the demand shock is more variable (-3 Zdet g high).
When agents are relatlvely more unsure about the current demand level Versusy the central
bank’s output gap target, then 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 a system of equations which summarize private agent optimization
((1) and (2)), policy (equation (4)), shock evolution ((5) and (6)), and beliefs ((8) and (9)).
This system of linear stochastic difference equations can be solved by conjecturing that ¢, and
m; are linear in the true states and current private agent beliefs {dt, Uz, dye, §t|t} with unknown
coefficients. This allows ¢;41; and 7 1; to be expressed in terms of current beliefs. Then,
substituting (4) into (1) and (2) gives two equations in terms of {d;, §, dy:, Y+ } which are used
to solve for the unknown coefficients.

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

can each be broken down into three parts

dry % + Oy diyjy; — Oxy ddy
deg 0y, Oy degy  Odyy degy
dl't . 8% 81} ddt|t n a.fUt d?jt\t

d€d,t a_dt 0dt|t d€d,t agt\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 which works through forward-
looking terms in the equilibrium conditions as well as the interest rate’s response to private
agents’ beliefs. In this model, the serially correlated nature of the state variables cause agents to
form expectations of future outcomes based on today’s beliefs of demand and output gap target
levels. These revised expectations affect current outcomes through the standard consumption
smoothing and Calvo pricing mechanisms. It is predominantly this expectational effect that is

altered when information becomes imperfect. In the perfect information case, beliefs are correct

so that dyt‘i = d6 =1 and fol't = d‘idt = 1 while ddt't = —Zf;‘i = 0. Here, these effects become
dyys ddy 17
— = f:K;,€(0,1), = ;K. €[ £,0
dﬁg,t fy Yyt ( ) dé@t fy dt fd

d?jtlt fd ddt|t
B L K..c = {,K 1
dEdﬂ: fd vt (fy dEd,t fd at € (O, )

Thus, the expectational effects of the two shocks now "spill over" into each other. When a
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shock hits the economy, agents observe this through an unexpected change in the interest rate.
This observation does not allow them infer the source of the shock and so they update their
beliefs of both the current demand level and the output gap target by a fraction of the interest
rate surprise.

The marginal responses of forecasts behave similarly

dxt‘i‘l‘t axt axt d?jﬂt axt awt ddt‘t
— = py A+ o +pa | 7+
dE?},t ayt ayt|t d€g7t adt 8dt‘t dEg}t
dxt-f-l\t = (% X or; ) ddﬂt n ; (3_9? n 3_% ) d@t\t
dea 9d; — Ody ) deay Oyr  OYpe) deay

In the remainder of this section, I examine the comovement between current outcomes,
forecasts, and interest rate surprises. The interest rate surprise defined in (7) is linear in
{€g.1, €41} so I can characterize the comovements using the responses to these shocks.

I build intuition for the general case by first examining two benchmark cases.

3.1 Benchmark 1: Perfect information with an exogenous interest rate shock

The model above can be made isomorphic to a perfect information model with an exogenous
interest rate shock by allowing agents to see the current value of d;. That is, I suppose for
this subsection that the agents’ information set is Z, = {it, d, g1, (02)" (Og)t}. Then, with

f5 # 0, the interest rate perfectly reveals 7; so that beliefs are correct in equilibrium
dt|t =d; and Yejt = Yt
Interest rate behavior simplifies to

it = (fa+ fap) de + (fy + fg0) Ut

and the interest rate surprise is a scaled output gap target shock

i = (fg+ fap) €5

Since agents are perfectly informed after observing 7;, the resulting responses of outcomes to
the interest rate surprise are the same familiar results obtained under perfect information. In
other words, this case gives a model that’s isomorphic to a perfect information model in which
(fs + fy) U is an autocorrelated exogenous component of the nominal interest rate. To get
impulse responses that have the usual signs, I make the following assumption that the shocks

are not too persistent

Assumption 1 p,, p; € [0,p) where p < 0. (See Appendiz for the exact expression for p.)
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Under Assumption 1, the familiar perfect information channels of a positive interest rate
surprise are at work. First, it raises the current real interest rate gap which lowers the current
output gap and inflation holding expectations fixed.

dry (1 —py) (1= Bpy)

Surp — — >0
dii"" (1= p;) (1= Bpy) — 5y

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

rate gaps also increase following a positive interest rate surprise.

dfesn _ p (1= py) (1= Bpy)

- >0
difurp P

(1=py) (1= Bpy) — %05 —

This contributes to lower expectations of future output gaps and inflation

dgt—&—l\t % (1 - ﬁpﬂ)

~Vsurp — —Pg P S 0
ai;"" "= p,) (1= Bp,) — Ep,
d7Tt+1\t 2

“Tsurp Py = P <0
i =) (T Be) ~ 5y

which pushes current values down further. In sum, both the current real interest rate gap
and future expectations channels push the current output gap and inflation down following a

positive interest rate surprise

dgt - % (]' B BPQ) <0
di;"" (1= py) (1= Bry) = 2py

d'ﬂ't £
—=urn = — g — <0
dig™™" (1= py) (1= Bpy) — 50y

The important properties of this benchmark case which contrast with the cases below are
that: (1) both the current output gap and inflation as well as agents’ forecasts of future outcomes

respond negatively to an interest rate surprise and (2) the responses do not vary with the relative
2

. Ty .
variance % Moreover, these responses do not depend on the values of policy response
g,t—1
coefficients.

3.2 Benchmark 2: The policymaker perfectly offsets d;

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

that moves one-for-one with changes in the natural real rate of interest while also responding
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to fluctuations in the output gap target and agents’ belief about it
i =1{ + [l + [y

This creates an equilibrium where there are no fluctuations associated with changes in the
natural real rate (coming from d; or d;;) and all movements are due to changes in the output

gap target and agents’ belief about its current level. That is,

% . 3@ . a’ﬂ't aﬂ't

adt N adt‘t N a_dt N adt‘t N

Demand shocks only affect outcomes through agents’ belief about the output gap target.

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

dl‘t . % 4 axt dlgt‘t
deg 0y, Oy degy
de't axt dgt|t

degy OYye deqy
while the interest rate surprise is linear in the two shocks

.surp

ly T = Ld€dt T L€yt

Since the interest rate surprise is now made up of two independent shocks, there are two

ways that I can analyze how outcomes move with interest rate surprises. I can look at the

"response" of some outcome x; to an interest rate surprise conditional on a shock to s € {d,y}

d:l?t/dGS,t o”tfl(mhifu’rp)
-SuTrp

. ... C
T deer Alternatively, I can also look at the statistic Var (

outcome variable x;. This scaled covariance is analogous to the statistic that is estimated by

using the ratio for a given

OLS regressions of the outcome variable on interest rate surprises with the exception that 1
evaluate the moments using one-period-ahead conditional distributions due to the presence of
time-varying uncertainty.

I now state three additional coefficient restrictions which help me to sign responses.
Assumption 2 f; € (—00,0), fz» € (—00,—f3)

Assumption 3 f; € (—00,0), fz5 € (—o0, —py (1- Bpg + =+ B) f3): pa € (O, Py (1- Bpy; + 2

Assumption 4 f; € (—00,0), fzs € (—oo, —Py (1 + ﬁ) fg), pa € (O,pg (1 + 1_%%))

The first assumption can be understood as policy responding the "right way" to output gap
target shocks. Holding constant agents beliefs, f; < 0 means that the nominal interest rate
is reduced when the output gap target is high. Additionally, f;, < —f; ensures that inflation

and the output gap are increasing in the output gap target shock in the perfect information

17

+5))



version of this model presented above. The second and third assumptions place successively
tighter bounds on the nominal rate’s response to private beliefs about the output gap target
and analogous bounds on p,; which are needed to sign some of the responses below.

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

A . digvr digv?
1. Under Assumption 2, dor = < 0<tg= der
. dije/d dije /de . s O3,
2. Under Assumptions 1 and 4, % < 0 and -%t/dene 0; both increase with —g*=*.
di;""" [deg 4 diy""? [deg,¢ Ti—1

dﬂ't/dﬁdﬂg
Y dii""P Jdeg

dmi/dey, ¢
di'tsurp/deyt

0.2
3. Under Assumptions 1 and 3 < 0 and < 0; both increase with —=.
-1

To explain each of these, I again turn to the corresponding responses of the expected future

variables and the real interest rate gap. First, under Assumptions 1 and 2:

d§t+1\t/d6d,t _ dgt+1\t/d5??~,t 03

,t—1 ¢
T ey = AT ey < 0 and approach zero as = increases.
dmypq)e/dea  dmigpq)e/deg T3 -
T Jdens A dey s < 0 and approach zero as = increases.

Since the demand shock is perfectly offset, expectations of future outcomes depend only on
expectations of the future output gap target level. A positive interest rate surprise originating
from either underlying shock results in a weakly negative revision to this expectation which

results in negative responses of output gap and inflation expectations. Forward-looking behavior

2

. . . . Ogi—_1 - .

in this economy means that this negatively affects current outcomes. As % Increases, interest
g,t—1

rate surprises result in smaller revisions to the believed value of the output gap target and so
this negative effect moves towards zero.

In terms of the real interest rate gap, I can show that

2
9d,t—1

2
Tg,t—1

o _rt/deas approaches zero as
a7 Jdeq, PP

increases.

d’Ft/dE»gyt

2
Oq.t—1

- SUT
dif""? [deg,i z

> 0 and remains positive as — 0.

Og,t—1

2 ~
Signing the effect of a higher Z&t=% on —4t/dur

SUTp -
s i1 diy " [deg ¢

net, these two channels produce the effects on current outcomes presented above.

requires further restrictions on f, but on

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

I obtain the following under Assumptions 1 and 2:

Covi_1 (m,ifu”’) .. . . o2, CO”(WM':MP> O5 i1 :
1. —————=+> < 0 and is increasing in —5—. ———~+ — 0 as 5 — o0. The same is
surp surp
Vart,l(zt Ogt—1 Var(zt ) Og,t—1
true for the output gap.
Cov( Ty ppesiy" " .. . . or Cov(myynieris P o2,
. Coulmusmeis™) . ) < 0 and is increasing in —#*=*. ( Tl ) ., 0 as d1=1 _, o0 The
Var(if""") Tg.t-1 Var(i;"") Tgt-1

same is true for output gap forecasts.

18



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

intuition behind the signs of the individual shocks’ effects underlie the sign of this statistic. An

. . Tg— . o« e .
increase in % affects the responses to individual shocks as outlined above, but also results
y,t—1

. . . . .. o2, Covg_q(me,i;"""
in greater weights on the responses to €4, in this statistic. As % — 00, %
g,t—1 art—1(%;
dre /d . . . C e .
approaches the response measured by Mﬁ which itself is zero in this limit. The same logic
t s

applies to the output gap.

The main departure from the first benchmark case above is the responses’ dependence on
2

Tdt—1
P
0g,t—1

and agents’ belief about demand have no impact on current or future outcomes in equilibrium.

the relative uncertainty . In this case, the interest rate policy is such that the true level
Thus, upon observing a positive interest rate surprise, private agents attribute this partly to an
increase in demand which has no effect in equilibrium, and partly to a decrease in the output
gap target, which has a negative effect on current outcomes and forecasts (under appropriate
coefficient restrictions). Then, the net effect is always negative but it is weaker when more of
the interest rate surprise is attributed to a change in demand. With the information structure
in this model, this happens when uncertainty about demand is high relative to uncertainty

about the output gap target.

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; € (0,00), fa+ fap € (0,0 (1 = py))

Assumption 6 f; € (0,00), fi+ fap € (0,0 (% - pd>)

The additional feature present under Assumption 5 is that the policy response to demand
shocks is not strong enough. Then, positive changes in true demand and agents’ belief about it
retain expansionary effects in equilibrium. This allows the model to produce positive responses

of current and expected outcomes to positive interest rate surprises.

Proposition 1 Given Assumptions 1, 2, and 5

Z.Tw—[/g<0<bdfded’t
djt/deq, dmy/deq, s Tdt—1
2. T ey d T ey, €O both be positive for large =
~ 2
dije /deg dmy/deg i o2, .
3. di?ﬁ% /?é;t and dif:itré /Zi’;t can both be positive for large ag’—ji under Assumption 6.
: ’ git—

Covy—1(me,i""P) . . . . o3, .. o2,
4. Coveoa (mu i) e ) is increasing in —$= and can be positive for a large enough —5*=*. The
Vart,l(lt ) 05 t—1 o=

same 1s true for the output gap.
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2

A ynie/deds  dUpyn)e/degt -y . . - O44—1
5 T ey AT Tdeg, COT be positive and are increasing in — -

dmppnpe/deas _ dmypn)e/deg, g . . . U§¢71
6 T e = AR Jdey, CON be positive and are increasing in =

Cov(myyn,is ") . . . . o%, .- o2,
7. w is increasing in —¢=* and can be positive for a large enough —$=~. The

Vur(z p) o5 oy
t g,t—1 gt—1

same 1s true for output gap forecasts.

Proof. See Appendix. m
Again, the signs of effects on current outcomes can be understood by looking at the effects
on one-period-ahead expectations and the real interest rate gap:

iy /deq 4

2
. 9d,t-1
T e, CA1 be negative for large enough — —

dft/deg,t

2
: 9d,t—1 :
T e Can be negative for large enough . under Assumption 6.

The part of the interest rate surprise that agents interpret as a demand increase now has a
positive effect on current outcomes and forecasts. When uncertainty about demand is relatively
high, this positive part of the interest rate surprises’ signaling effect on current outcomes and
forecasts is large so the total response can become positive.

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, Evans, Fisher, and Justiniano (2012). The theory presented
here also implies that this is particularly likely to be the case when (i) the policy response to
fundamental 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 where these conditions were plausibly present since the federal funds target
effectively reached zero at the end of 2008 and there is also evidence of high economic uncertainty
prior to and during the recession, such as the influential work by Bloom (2009). Section 7.4
also presents new empirical evidence that the response of inflation forecasts to interest rate

surprises does indeed have a significant interaction with forecasters’ subjective uncertainty.

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 their 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

2
with respect to the relative variance % I discuss the implications of time-varying uncertainty

for the optimal policy problem in Section 6.4. I also assume that the constant wage bill subsidy
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7 offsets the average monopolist pricing inefficiency so that the steady state is undistorted.
Then, a second-order log approximation around the deterministic steady state gives that the

consumers’ lifetime utility from date t, onwards is proportional to

Utg,00 Zﬁt fo— ( + 7rt)+h0t

t=to

where I’ve omitted constants and terms independent of policy.

I then consider a monetary authority that maximizes welfare derived from consumer 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 short-run deviations of the efficient level of output from the natural
flexible-price level of output which are not captured by the above microfoundations. Then,
U: — 1y represents the deviation of actual output from the efficient level. The policymaker’s

objective is to minimize the following loss

_ECBzﬁt to+ <~ )+ m)

t=to

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) and
taking private agents’ beliefs regarding future policy and the form of current policy as given.

Beliefs regarding future policy affect the expectations {gjt+1|t, 7rt+1‘t}. Since the equilibrium
of this model is linear in {dt, dyje, Yt yt|t} while beliefs satisty dii1)p = pydsr and Ger1je = pyees

these expectations can be written in matrix form as

y d
Yerre | _ M 7t+l\t (10)
41t Y11t

In equilibrium, the coefficients in the matrix M are determined by the behavior of future

'"The model equations can be rearranged into the canonical form studied in Clarida, Gali, and Gertler (1999) where
the output gap target shock shows up as both a positive cost-push shock and a negative component of the demand shock.

> o 1 5 2 ¢
Lig = E” > 57"5 ((ych) +;“3)
t=tg

_CB __ ~CB 1. CB
Yt = Y41t — p U — Tyt — Tt

T = BTy + H?JtCB + vt
where 7% = G — 5, 707 =0 [(de — §¢) — (des1je — Tesrie)] and v = K
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nominal interest rates. Then, taking private agents’ beliefs about future policy as given amounts
to the policymaker 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, gjt“‘t} and therefore
has a marginal effect on current outcomes through {gjt+1|t, 7Tt+1‘t}. This is in contrast 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
is now relevant since it determines private agents’ belief formation process. When private agents

suppose that the behavior of the current interest rate can be described by

i = fady + fapdee + fg¥e + ool (11)

then beliefs follow
dipp = pade—1 + Kqi;""™" (12)
Yep = pyle—1 + Kyi""" (13)

where ;""" =i, — fapgdi—1 — Japdoe — fapgUe—1 — JgpUne
2
as shown above, where K, and Kj take the forms given in (8) and (9) with 4 now being
Y
constant. To get around the circularity issue introduced by the interest rate surprise i;"'? itself
being a function of beliefs, I redefine the policy problem as a choice of a component of the

interest rate if"* where the realized nominal rate is

1 = ifis + fapdye + fop0

Since the policymaker is free to choose any value of 7%, this still gives him full control over
the resulting behavior of 7; and so it does not impose any additional constraint on the policy
problem. The benefit of this relabeling is that beliefs can now be written neatly as a function

of i%* and lagged exogenous state variables.

dip = pgdi—1 + Kq (’ifis — fapadi—1 — fgﬂgﬂtfl)
Ue = Pyhi—1+ Ky (ifis — fapgdi—1 — fypg@t—1)

Then, a policymaker who takes private agents’ beliefs about current policy as given considers
a change in #{** to have marginal effects of K, and K on beliefs dy; and gy;, respectively.

To summarize, a policymaker who can only choose the interest rate level today and cannot
make credible commitments about future policy does not internalize the effect of equilibrium
interest rate behavior on the following objects: (i) the M matrix which captures the relationship

between beliefs about state variables and expectations {ﬂt+1|t, 7Tt+1|t} as well as (ii) the belief
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coefficients K; and K3 which capture the marginal effects of the interest rate on beliefs. 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 he can influence expectations of future outcomes through the beliefs in the
vector [dﬂt gt‘t}' in equation (10).

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
(11). 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), (12), (13), and the

policymaker’s optimality condition.

Proposition 2 The policymaker’s optimality condition is

o £
Yt — Yy = —Rgﬂt (14)
dmy Oty oy -
difis difis 1 9y ) .
where R = —L— = —L " in equilibrium
dij O Oy 17
didis oidis 1 dgy, Y

R is itself a function of interest rate response coefficients and is therefore determined in equi-
librium. There may be multiple equilibrium values for R but those that satisfy R > 0 exhibit
the following properties when Bp; > 0:

1. R e [K,ﬁ]

2. R is decreasing in —%
Y

0.2
d
2

0'2 . . . .
o As 4 — 00, Kj — 0 and R — k. In this limit, the interest rate has no effect on
Yy
Uy and the optimality condition for policy becomes equivalent to that in the case of

optimal discretionary policy when agents have perfect information.

2
o As % — 0, Ky — fi and R — 1—2,) . In this limit, the interest rate has its largest
2 - .

Y
possible effect on 1y, and the optimality condition for policy becomes equivalent to

that in the case of commitment to a rule of the form
i =1y + [0+ [T
2
3. When 3 =0 or p; =0, R = k in equilibrium for any value of %
Y

This optimal policy solution is unique under any initial supposed private sector belief about

current policy that results in beliefs dy, and ¥y, that are linear in i%is. More specifically, the
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same solution is obtained if (11) is replaced with a belief that the current interest rate may also

respond linearly to the entire history of past fundamentals.

Proof. See Appendix. =

The optimal policy results in this environment can be understood by noting that the signal-
ing channel tilts the policymaker’s short-run tradeoff between inflation and deviations of the
output gap from its target. To better understand this, note that the policymaker’s problem can
be recast as one in which he chooses ; since there is a one-to-one mapping between the nominal
interest rate and ¢, through equation (1). Then, the only remaining constraint imposed on the
policymaker is the second equilibrium condition, equation (2), which I rewrite here in terms of

the output gap deviation from its target.
T = By + K (G — Ui) + K

This New Keynesian Phillips curve then summarizes the policymaker’s tradeoff between 7, and
9t — ;- In the perfect information setting, the discretionary policymaker has no impact on
Ti+1e- Therefore, the slope of this constraint is

87”/8,&'21735

RPI _ —

o0y, /oids

When the policymaker has an information advantage, the nominal interest rate now impacts

the expectation 7,11, through the belief y,; since the policymaker recognizes that

dyys
difs

T = Maapyyye and = Ky

where My, is the lower right element of the matrix M that appears in (10). This changes the
slope of the policymaker’s constraint to

Oy + 9y ddy)e Oy st

oidis 1 Bdyy dids ' OFy, didts

e + Ot ddt‘\t Ot di’?t}t
9i8s T Bdyy, i T Ogyy, di

R:

Thus, the policymaker’s optimality condition retains the same form as the perfect information
setting where the goal is to maintain an optimal ratio between output and inflation deviations.
The key difference is that the slope R governing this ratio now depends crucially on the size of
the effects that the interest rate has on beliefs.

In equilibrium, R depends only on the effect that interest rates have agents’ belief about the

output gap target and not their belief about demand. This is because the policymaker perfectly

aﬂ't — 8gt
ddy; — 9dy,

equilibrium. Then, the interest rate still affects d;;, but inflation expectations are not ultimately

offsets the effects of changes in the belief about demand on outcomes so that =0in
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affected through this channel. On the other hand, changes in the true level and belief about
the output gap target will affect inflation expectations under the optimal policy. Thus, what
ultimately matters for optimal policy is how much influence the policymaker has on this belief.

Solving for the equilibrium value of R reveals that R > k, meaning that it’s optimal to
maintain smaller inflation deviations relative to output deviations when policy has a larger
signaling effect on 7,;. This reduces the usual stabilization bias that occurs in perfect informa-
tion New Keynesian models where short-run inflation fluctuations are inefficiently large when a
policymaker is not able to commit. As uncertainty about the output gap target grows relative
to uncertainty about demand shocks, policy’s signaling effect on 7, becomes larger and this
stabilization bias is further reduced. In a more general setting where there may be additional
shocks to the rate-setting process, the key measures are uncertainty about the output gap target
relative to uncertainty about all other unobserved components of i;.

At the limits of the interest rate’s influence on beliefs, the optimal discretionary policy in
this imperfect information model corresponds with some familiar benchmarks. When Z—g‘f — 00,
the interest rate has no effect on beliefs about the output gap target shock and the optimal
discretionary policy under imperfect information coincides with that under perfect information.
When Z—;‘j — 0, the interest rate has its largest possible effect on beliefs about the output gap
target shock and the optimal discretionary policy coincides with the optimal policy when the
policymaker can commit to an interest rate rule of the form given above. In other words, there
is no benefit to this type of commitment at this limit.

In this particular 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
=i+ [y

Lastly, there are two special cases where the equilibrium ratio R does not depend on relative

variances levels. This happens when p; =0 or § = 0.

1. In the p; = 0 case, the output gap target becomes white noise so expectations about future
levels are always zero. The policymaker only affects agents’ belief about the current output

gap target which has no direct impact on current outcomes.

2. In the case of § = 0, inflation expectations no longer affect the current policy tradeoff
since prices are set by firms who no longer take the future into account. Note that the
key discount factor that (3 is capturing in this special case is the one used by firms in their
price-setting decision. This result still holds if I assume that consumers, and hence the

central bank, maintain a positive discount factor different from the firms’.

The stationary equilibrium under this optimality condition features an output gap and
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inflation which are linear in g, and ¥,

- eR  _ B 57—"/5&7 _ (15)
Bl = TR (1—Bp;+eR) (1+€R) vt
K _ ﬁﬁpg _
_ n 16
T xR T 1= Bp, +eR) 1+ eR) (16)

The next result characterizes the interest rate which implements this equilibrium.

Corollary 1 A nominal interest rate which can implement this policy is given by

i =i+ f5 (R) G+ [0 (R) Gue

The interest rate moves one-for-one with the natural rate of interest while f; and f7, are
functions of j—§ through R. This interest rate behavior matches that assumed in the second
benchmark casye above with coefficients on y, and ¢ that satisfy Assumption 3. The evact
expressions for the functions fy () and f;, (-) are given in the Appendir.

This can be compared to the nominal interest rate under optimal discretionary policy in the

perfect information case which can be written as

iy =0+ (f (R) + foy (K) 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

ZIT - T;L + (fg; (R) - ¢ﬂrg> gt + (fg,b (R) - ¢Wrﬂ,b) yﬂt + ¢7T7Tt

where I'y, 'y, are the coefficients on @, and iy in the equilibrium solution for m,. Choosing
¢, > 1 ensures that the intended equilibrium is the unique solution in the system of equations
defined by (1), (2), (5), (6), (12), (13), and this interest rate rule.

Proof. See Appendix. m

A necessary element in these results is that the policymaker has an information advan-
tage regarding an outcome-relevant state variable that has some persistence. I use the term
"outcome-relevant" to mean that it creates an inflation-output tradeoff and therefore affects
equilibrium outcomes under the optimal policy. This provides the channel through which the
current interest rate level can affect expectations {gjtﬂ‘t, 7rt+1|t}. Without a state variable that
has these features, optimal policy becomes invariant to the signaling channel.

To be precise, consider a model analogous to the one proposed above but with a more general

set of shocks. I denote the set of exogenous state variables with a vector z; that evolves as a
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VAR(1) process with independent shocks
z; =Yz, 1 + e, e ~iid N (0,3) where ¥ is diagonal

I partition this vector into two subvectors z ¢, z2; where z,, is perfectly observed by private
agents while they can only see the true value of z,; with a lag. I also restrict Y so that z;,
does not depend on lags of z5;—1 (i.e., Y12 = 0) and assume that the eigenvalues of Y are less
than one in absolute value.

Again, the central bank’s information advantage is that they can observe the current z,;
while private agents cannot. I then let private agents suppose that the interest rate i, is linear
in {th, Zoy, Zg’t‘t} which is the case under the optimal discretionary policy. Let the equilibrium

conditions in this model be

1
~CB _  ~CB . —
Yt = Yey1pe — s (Zt - 7Tt+1|t) + 22
~CB —
Ty = BT+ KY + Bz

where I now use - to denote the welfare-relevant output gap under this alternate configuration

of shocks. Then, I obtain the following

Proposition 3 Suppose that the shocks in zo, do not impose an output-inflation tradeoff. That

is, suppose that E,z; = E; 121, so that only shocks in z,, enter into the inflation equilibrium

~CB
condition. Then the equilibrium under the discretionary optimal policy features % = ddz% =
~CB ' ’
%w = #’i;t = 0 while the policymaker’s optimality condition becomes the same as the perfect

information case
~CB _

Yy = —ET

Proof. See Appendix. =

In the language of New Keynesian models, this result show that if the policymaker only has
an information advantage regarding demand or natural real interest rate shocks while not having
superior knowledge regarding cost-push-type shocks, then the policymaker optimally maintains
the same ratio between output gap and inflation deviations as in the perfect information case.
While changes in the interest rate still have an effect on private agents’ beliefs z, |, the presence
of this signaling channel does not impact optimal discretionary policy when the information

advantage is limited to this class of shocks.

5 The value of information

In this section, I consider whether it would be beneficial for the policymaker to directly com-

municate information to private agents. I will first compare the welfare losses under the two
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extremes of no communication and full communication. Later on 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 communication,
the central bank costlessly and noiselessly discloses the true values of both current exogenous
states {d;,y;} to all private agents prior to the observation of the interest rate so that the
setting is equivalent to the standard perfect information case. In each of these cases, I presume
that the central bank is implementing the optimal discretionary interest rate policy.

The loss under no communication can be evaluated using the equilibrium shown in the

previous section. Meanwhile, optimal discretionary policy under full communication is

~PI - PI
Yy — Y= —€my

Substituting this into (2) and solving forward gives the equilibrium solutions

~PI - —E&k _ PI K -
Y — = yr and 7" = 7
1 —fBp; +ek 1—fBp; +ek

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

e > 9
L= (6o — i)+ Er2 CB sft(~_—2 _2)
¢ = U — 7)) + Kﬂ't + E; E g (s — Us)” + Rﬂs
~~ - s=t+1
lt N 7

BEFBLi4q

Proposition 4 Under an equilibrium where R > 0,
1. The expected future loss is always higher under full communication

B BrPI
EfP Ly < B L

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

munication case. The difference depends on the current realizations of shocks {€qz, €5}

Proof. See Appendix. =

The gains from no communication relative to full communication comes from two sources.
The first is the reduction in the stabilization bias when the interest rate’s signaling effect on
inflation expectations leads a discretionary policymaker to be tougher on inflation. The second
benefit comes from imperfect information resulting in smaller inflation and output fluctuations
even absent a reduction in the stabilization bias. 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 gap target which leads the policymaker to boost output by lowering
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the interest rate. The inflation fluctuations created by this action depend on both its impact
on firms’ current marginal costs as well as their forecasts of future marginal costs where the
latter depends on firms’ beliefs. In the perfect information setting, these components move in
tandem since they both depend only on the true output gap target. When firms are imperfectly
informed, their forecasts of future marginal costs depend on their beliefs about the output gap
target which now moves less than one-for-one with true output gap target shocks while now also
moving with demand shocks. Thus, for a given deviation of output away from its efficient level,
the resulting inflation fluctuation is now 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 independently manipulate beliefs by choosing any value of 7,,. Then, it’s clear from
the equilibrium in (15) and (16) that it’s always optimal to choose 7, in a way that offsets ;.
Maintaining imperfect information helps the policymaker to get closer to this ideal.

I can also show that these two benefits of no communication operate independently.

Corollary 2 To isolate the benefit from an interest rate policy that now exhibits a smaller
stabilization bias, I exogenously impose that yss = ijs for s >t in evaluating the welfare losses.

In this case,

EPLy < ECBLPL for R € {n, 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 7 PI
By 7Ly < E Lt+1

when Vart® (gjs|s) < Varf®? (g,) and Corr®® (gs|s,gs) <1 fors>t
which is satisfied in this model.

Proof. See Appendix. =

As a second exercise, I now consider partial communication where the central bank perfectly
communicates the true value of one of the current exogenous states to private agents prior to
the realization of the interest rate. The true value of the remaining exogenous state is then
perfectly inferred once the interest rate is observed so that all agents are perfectly informed in
equilibrium as in the full communication case. The key difference from the full communication
case is that the interest rate retains a signaling effect on private agents’ beliefs since it is used
to infer the remaining exogenous state which was not already communicated.

I will first consider the case of the central bank communicating the true current state of

demand to agents prior to their observation of the interest rate, then their belief about the
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current level of the output gap target is inferred from the interest rate as

— 1 -dis
Yt = F (lf - fddt)
Yy
Thus, a discretionary policymaker still faces a signaling effect of K = fj}i = f—ly when choosing
t

the interest rate though private agents’ beliefs will be correct in equilibrium. This maximizes the

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

K
l_ﬁpg'
possible reduction in the stabilization bias through the signaling channel and raises welfare

and results in an inflation-output tradeoff characterized by R = This achieves the largest
compared to both the no communication and full communication cases. However, because
agents are perfectly informed in equilibrium, beliefs about the output gap target will now move
in sync with true shocks which lowers welfare compared to 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.

Proposition 5 Under 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 < EFBLEL and 18 <" for any realization of shocks {eay, €54}

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 unam-

biguously signed and depends on parameter values.

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

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

Proof. See Appendix. =

Partial communication of only the true current output gap target prior to private agents’
observation of the interest rate 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. As discussed in Section 4, demand shocks are perfectly offset
by the policymaker and do not affect inflation in equilibrium. Therefore, the interest rate does
not have a signaling effect on inflation expectations through beliefs about demand which results

in no reduction of the stabilization bias.
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The fact that the current period loss is not unambiguously lower under either no communi-
cation or partial communication of only the demand shock 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 may be realizations
of shocks that make the alternate communication policy preferable after taking into account
current welfare, which would go against the policymakers’ commitment. This property also sug-
gests 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’s optimal for the policymaker to communicate only in certain states, then a decision

to withhold information is itself informative.

6 Extensions

6.1 Adding more structural shocks

In this section, I explore how the above results may change in environments with a richer set of
structural 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 cost-push-type shocks, which the policymaker
cannot perfectly offset, produces more interesting results. First, consider the case of adding a

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

T = BT+ Y+ v
where v; = p,vi_1 + €, With €, ~ iidd N (0, 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 6 The optimal interest rate under discretionary policy with an additional cost-

push shock which the policymaker does not have an information advantage for is
it =10+ f; (R) G+ frp (R) Gee + fo (R) v

where R depends on underlying parameters in the same way as in the baseline model.
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This can be compared to the optimal interest rate under perfect information

s PT

i =T+ (fg (8) + fop (R)) Ge + fy (K) v
The expression for the function fr(-) is given in the Appendiz.

Proof. See Appendix. =

Despite the policymaker not having an information advantage about the cost-push shock
vy, 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 gap 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.

Another result of adding a cost-push shock is that the optimal discretionary policy in the
limit when the interest rate has its largest effect on expectations no longer corresponds to the

optimal commitment to a rule of the form
i =1+ [5U+ e + fove

in this limit. The Appendix shows that an optimal commitment to this type of rule implies the

same response coefficients for , and g, but a different response to v, given by

*,C o f* K * K
fom = 1o (1—/3%) 71 (1—ﬁpg)

where the last term is the optimal discretionary response to v; in this limit as R — —%

1-Bpy "
Since f; () is increasing in its argument, then if p, < p;, the policymaker operating without

commitment actually chooses an interest rate that overreacts to the cost-push shock v; relative
to the policymaker who can commit to a rule of the form given above. Due to this overreaction,
it’s possible for full communication to be welfare-improving in this case depending on the
relative importance of the different shocks.

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

rate behavior which replaces equation (11)

iy = fads + fd,bdt|t + fg@t + fg,b@t\t + fovr + fv,bUt|t

Now there are three private agent beliefs {dt‘t, Utts vt|t} all of which are linear in ifis. If I define

K, = j;ﬂ;, then the optimal discretionary policy can be shown to be equivalent to the one

derived above in the baseline model with the exception that now, the equilibrium R depends
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on K, as follows:

dﬂ-? 67‘@ _I_ om B o
S N G T AR LT
— dt Ot + Oyt K- gt K
diglzs a,LdLs 8y e Y avt\t v

@Q | Q
e

where K and K, will now depend on and the policy coefficients.

@wl

6.2 Lagged states not observed

When agents cannot see the true lagged states, then beliefs are formed through a Kalman filter
rather than a static signal extraction problem. This is the information structure which is more
commonly found in the recent literature studying imperfect information in New Keynesian
models such as Lorenzoni (2009), Mertens (2011), 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 p,, p; < 1 and constant variances,

this Kalman filter converges to a steady state where beliefs are given by

o] Lo o [ s
where dyy1); = pydys and e y1)e = pyYse- In this steady state, the Kd, f(g coefficients are functions
of the parameters {py, py, fa; f3,03,0%}. The main difference now is that agents’ prior beliefs
are no longer reset based on observations of the true lagged values in each period. Rather,
beliefs from period ¢ form the prior belief for period ¢ + 1. In essence, this change in the
information structure turns private agents’ beliefs into an additional set of endogenous state
variables which policy influences.

This adds another dimension to the interest rate’s signaling effect. When agents can see
lagged true fundamentals, 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

dii d'dis d d'dis
Y1/ dig € peB (o] o1/ diy )

_ —R— ECB ~ 5 ‘
yt T — B( t [yt—l—l yt+1] dgt/d,ttths d /dzdw

In equilibrium, this optimality condition still implies a forward-looking optimal interest rate
level which is linear in {dt, dyje, Ut gﬂt}. When expressed in this form, the optimal interest rate
no longer moves one-for-one with the natural real rate and a part that’s linear in {gjt, yjﬂt}. To be
precise, I denote the optimal interest rate and policy coefficients under this altered information

structure by a superscript ** and show that
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Proposition 7 In general, when agents cannot see lagged true states
i F e+ S5+ fpphne Jor any £ [

Proof. See Appendix. =

To understand the intuition behind this property, suppose instead that the interest rate
continues to respond one-for-one to r}’ = o (dt — pddt‘t). This offsets the contemporaneous
effects of the natural real rate on outcomes so that ultimately, 7, and m; move only with
variations in the true level and belief about the output gap 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 #;y1¢+1. Thus, d; and dy; have a new
intertemporal effect on future outcomes through the forecast error d; —d;;. 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 dy, 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.

Corollary 3 (i) Under Ky = 0, [A(g = 0, or p; = py, the interest rate does not affect future

beliefs and optimal policy is the same as the case where agents could see lagged true states.
i =i+ S+ Sy

(ii) When p,; = 0, the optimal interest rate responds one-for-one to the natural real rate, but

the responses to the output gap target and private agents’ belief about it differ.
i =1y F S U [ypes where [75F [ and [y # fh

Proof. See Appendix. m

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, though 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 d;; becomes equivalent to the case above where they only have contemporaneous effects.

6.3 The zero lower bound

A zero lower bound on the nominal interest rate introduces an extra constraint i; > 0 to the

policymaker’s optimization problem. One immediate consequence of introducing this nonlinear
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equation to the model is that the solutions for 7; and 7; are now nonlinear functions of exogenous
state variables. An optimally chosen i; will also no longer be linear. In general, this means
that agents must now form beliefs via a nonlinear filtering problem. The added computational
complexity involved with this procedure takes a formal analysis of the ZLB case beyond the
scope of this paper, but it’s still possible to make some general observations by examining the
optimality conditions.

When the ZLB is binding, there is a new term in the policymaker’s optimality condition
which I denote by p,. This term is a function of the Lagrange multiplier on this constraint and
is a measure of the amount by which the output gap and inflation fall short in these periods

compared to the case where the policymaker was free to set a negative ;.
o €
yt_yt‘i‘RtEWt =4 <0

R; retains the form

dr 87‘('!4‘ + Ot ddt!t Iy dgt!t

R _ dlg“ o 67;;113 Bdt‘t di‘ths Bgt‘t digzs
e & - o + 0ge ddi|t g e
difis gidis Ody), di"s BT d_z‘;“&‘

where the added time subscript captures the fact that the marginal effects in this ratio are now
functions of the state variables since g; and 7; are no longer linear.

Now, I turn to the impact of the ZLB on optimal policy in periods when the constraint is
not binding. The discretionary policy optimality condition still has the same form as above in
these periods with

- €
Ut — Uy = Ry—my
K

The presence of a ZLB then alters how the economy behaves even in periods when it’s not
binding through changes in the equilibrium determination of R;. One difference comes simply
from the new nonlinearities in the equilibrium solutions. Another change that is specific to
the current information setup is that with some probability of the ZLB binding in the future,
there’s a nonzero probability that the policymaker will be unable to fully offset the effects of
future demand shocks on ;1 and 7;,1. Then, beliefs about demand levels will have an effect on
current outcomes through expectations. This means that when the economy is close to hitting
the ZLB, the interest rate’s effect on beliefs about demand start to impact the policymaker’s
short-run inflation-output tradeoff captured by R;. Recall that in the case above without a
ZLB, it was only the interest rate’s effect on beliefs about the output gap target that mattered.

The presence of a ZLB in conjunction with the interest rate having a signaling channel also
means that in periods where the economy is close to the ZLB, an interest rate surprise may have
effects similar to those analyzed in Proposition 1 where the policy response to demand shocks
is inadequate. The intuition from that result indicates that it may be possible for supposedly

expansionary policy actions (i.e., negative interest rate surprises) to be associated with negative
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responses of inflation and the output gap in these periods. In this scenario, agents interpret
a negative interest rate surprise as news that demand is lower than they previously thought
and that it will stay low in the short run since demand is positively autocorrelated. Since
the economy is close to the ZLB, they know that the policymaker may be unable to lower the
interest rate enough to neutralize the negative effects of low demand in the future. Therefore,
they expect the future output gap and inflation rate to be low and this actually depresses

current economic activity.

6.4 Optimal policy under dynamic time-varying uncertainty

Here, I consider optimal policy under dynamically varying demand and output gap target
uncertainty of the kind assumed in Section 2. To review, in this specification, the shocks
eq+ and €5, are serially uncorrelated, uncorrelated with each other, and normally distributed
with means zero and variances UZ,t—l and 05775_1, respectively. In the case of static variances,
I showed that the optimal policy features policy coefficients f; and f7, that depend on the
relative variance pd Because of this, I conjecture an equilibrium where policy coefficients are
now time-varying through a dependence on the time-varying relative variances. I assume that
private agents know the entire history of variances so that they still know the true current value
of the policy coefficients. Then, their beliefs take the same form as above with the only difference
being time subscripts on the policy coefficients. Due to this time dependence, I conjecture that
in equilibrium, ¢, and 7; are linear in {dt, Ut, dyt, yft‘t} with time-varying coefficients. This means
that the policymaker now takes as given that agents’ expectations of future outcomes are linear

in beliefs with time-varying coefficients that he takes as given.
Yt+1 dit1
[ M, _t+ It
Te41t Y1)t

Ay = padi—1 + Kqy ( s — fapads 1 — fﬂpggtfl)
Utje = pg¥i—1 + Ky ( — fapadi—1 — fgjpg?t—l)

Beliefs are formed as follows

dtadt 1 f
2
(- t
where Ky, = — i and Ky = — Y
2 Ydit-1 2 2 Zdt-1 2
faez =+ fia faeoz =+ fia

and the policymaker also takes K;; and Ky, as given.

In this setting, the policymaker’s optimality condition has the same form as before

Y — Y = _Rt_ﬂ-t
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where R, is now characterized by a nonlinear stochastic difference equation whose forcing

2
Od,t—1

—7— (see Appendix). Furthermore, the optimal interest rate is
Gt—1

variable is

koM * = * —
iy =1+ f50t JyeaUe
where f7, is a function of R, alone and f,, can be written as

ff,b,t = E[F(Ri, Rig1,-..) |74

Y

7 Empirical evidence

7.1 Empirical model

In this section, I examine inflation forecasts and show that they exhibit behavior predicted by
the information framework set out above. I focus on inflation forecasts since they play a key
role in the model above and there is also a large body of empirical work on inflation forecasts
serving as precedent for the following analysis. I motivate the regressions using an empirical
model that assumes an AR(1) reduced form for inflation and 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.

For the remainder of this section, I suppose that inflation follows an AR(1) process
T = PrTt—1 + E¢

where ¢, ~ N (0, o—gH) is serially uncorrelated and normally distributed with time-varying
variances. Agents cannot observe m; directly but instead receive two signals: one from the
observed interest rate which responds to true inflation and another composite signal which

contains idiosyncratic noise.

iy = QT+

Sjt = 7Tt+€jt

I assume ¢ > 0 and that the two signal noise terms {u;,e;;} are also serially uncorrelated
and normally distributed with variances that are identical across agents and possibly time-
varying. Agents additionally observe lagged inflation without noise. This is a departure from
the empirical models used in previous studies which generally assume that agents cannot see

true inflation at any lag. Another difference is the explicit inclusion of an interest rate signal

"1 show in the Appendix that giving private agents an additional signal about inflation and using p, = py in the
structural model allows it to give similar empirical relationships.
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containing additional information about inflation. A main element of this formulation is the
interest rate’s response to true inflation. If, for example, the interest rate was a function only of
private beliefs about m;, then it would not convey any additional information to private agents

and 7; would not enter independently into forecasts.

2

€)t} and forms his conditional

Each agent j has the information set Z; = {ﬂtfl,it, st (o

expectation of current inflation via a static Gaussian signal extraction problem that yields
Toje = PaTer + K (s — B [ig|mea]) + K (550 — B [sjelme-1])

where K} € (0, q§_1) and K} € (0,1) are increasing in Jitfl, which captures prior uncertainty.
Then, aggregate forecast revisions for different horizons h > 0 can be shown to depend on

interest rate surprises as well as lagged one-period-ahead forecast and nowcast errors.

Teon — Tani1 = PRk <it - B [it|7Tt—1]> + PR K (e — Te1) (17)
+ol (1 - K7) (i1 — T1j—1) + errorp

™

The last error term in this equation is a function of the average noise in s; and is not correlated
with the other RHS terms. This gives a regression equation that 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.

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
T = PrTt—1 — 5% + &

where 6 > 0 and the expressions for ¢, and sj; continue to be those given above. This yields a

solution for m; that is similar to the above model

1 o ) P
1460 " 1+6¢ 1466

T = PpMe—1 + u; where p,. =

The main difference here is the covariance between true inflation and the interest rate. In this

case, forecast revisions evolve as

Ti4ht — Tt4ht—1 = b?r[(tz <it - F [it|7Tt—l]> + p?rkis (7Tt - Wt\tfl)
AP (1= K7) (mem1 — Tio1m1) + errorp

where K/ may now take on negative values but both K7 and K} are still increasing in o2, 1
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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

hfri(; T h frs —_—
Titht — Tirhit—1 = PrdS; (Zt - 7/t|t71) + pr K (7Tt - 7Tt|t71) + errorp

where K/ € (0,¢7") and K7 € (0,1) are now increasing in prior uncertainty, Var,_; (m;), which
itself is increasing in Ug,tq- 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 valid.

7.2 Data

For aggregate inflation forecasts, I use median forecasts from the Survey of Professional Fore-
casters provided by the Federal Reserve Bank of Philadelphia. The survey starts in 1968Q4
and is quarterly with about 40 respondents in each quarter. I look specifically at quarterly
forecasts of the GNP/GDP deflator (GDP starting in 1992). Real GNP/GDP growth and un-
employment forecasts are used for some robustness checks. One 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 some specifications, I also use the Federal Reserve’s Greenbook forecasts of the GNP /GDP
deflator'® which are published with a five year lag starting in December 1965.

For actual data, I use real-time data from the Federal Reserve Bank of Philadelphia taking
values from a two-quarters ahead vintage (e.g., the 2001Q1 observation for inflation is taken
from the 2001Q3 vintage). This timing is chosen to correspond to the final published NIPA
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 meeting days starting in 1994. As described in
Swanson (2006), the FOMC only began issuing post-meeting press releases in 1994. Addition-
ally, rate changes were not strongly associated with meeting days prior to 1994. For instance,
only 31% of actual target changes from the start of 1989 to the end of 1993 were associated
with scheduled meetings compared to 86% 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

12This is the linear least-squares forecast which is also optimal if we additionally assume that agents’ prior beliefs
about the initial state mo are normally distributed.

13The Greenbook switches to forecasting the GDP deflator measure five months after the SPF switched so these
observations are excluded.
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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 2011Q1 due 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.

7.2.1 Imputing subjective uncertainty

I proxy subjective uncertainty using the SPF’s probability forecasts for the GNP /GDP deflator
where agents report probabilities of inflation being in pre-defined ranges. Starting in 1981Q3,
the survey consistently contains these reports for both the current and 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 fit a normal distribution to the data by minimizing
the sum of squared differences between the reports and the probabilities for the same ranges
implied by a normal distribution following Giordani and Séderlind (2003) and Lahiri and Liu
(2006). More formally, for a given set of reported probabilities {qn}fj:l corresponding to ranges
{[an, b))}, I solve the problem

g {o-[o(455) o (=)}

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

GNP to GDP measures and a change in the number of ranges 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 Std7. 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. This low correlation
with other uncertainty measures is not surprising since they capture many aspects of economic

uncertainty and not just those related to inflation.

“Deadline dates are available starting in 1990Q2. Prior to that, I use the 15th of the middle month of each quarter.
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Table 1: Correlations between Std] and macro variables

T Ti—1 Ty Tit1

Macro Variables
Inflation —0.01 0.12 —0.09
Real GNP/GDP growth —0.08 0.02 0.10
Uncertainty Measures
Google econ uncertainty index — 0.22** 0.14 0.11
Stock volatility 0.00 —0.11 0.10
Policy uncertainty index 0.07  —-0.04 —0.06

Notes: ***/** /** Statistically significant at 1, 5, and 10 percent, respectively.

7.3 Time-variation in sensitivity of inflation forecasts to news

I first estimate the overall effect of all inflation news on forecasts. The above model gives

_ h h+1
Tt4+h|jt — Tt4h|jt—1 = Kip; (7Tt - 7Tt|j,t71) + (1 - Kt) Pr (7Tt—1 - ﬂ—tfl\j,t71> + error;n:

where K; = ¢K} + K; € (0,1) and is decreasing in signal noise and increasing in prior uncer-
tainty ag,H. errorj, may be correlated across individuals and horizons but are uncorrelated
across time and with the other RHS variables.

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
Tithljt — Ttt+hljt—1 = Cpt + Kyempw (7Tt — 7Tt|j,t71) + Kyempw (Wt—l - 7Tt71|j,t71) + error;p

The following graph shows estimates of my main coefficients of interest which are the time-

varying responses of inflation forecasts to current news.

" 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 K7

o
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Notes: Gray area represents 90% confidence intervals

There is substantial time-variation in this coefficient. The next table shows that the esti-
mates are negatively correlated with forecast dispersion (which serves as an imperfect proxy
for idiosyncratic signal noise!®) and positively correlated with my measure of prior uncertainty

as predicted by the model.

Table 2: Correlations between K. jef” and signal noise or prior uncertainty

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 0.38%*
Lagged next year uncertainty 0.40%*

Notes: Correlations are calculated between annual coefficient estimates and annual
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.

Y6 The proxy is imperfect due to a nonmonotonic relationship between idiosyncratic signal noise and forecast dispersion.
Forecast dispersion becomes decreasing in idiosyncratic signal noise when it is high relative to the variability of inflation
innovations and the exogenous component of the interest rate. As sj; becomes dominated by noise, agents optimally
ignore these signals and forecast dispersion approaches zero.
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Table 3: Correlations between [A(Zfef” and macro variables

x Ti—1 Tt T4

Macro Variables
Inflation —-0.02 —-0.07 —0.10
Real GNP/GDP growth —0.03 0.27* 0.21
Uncertainty Measures
Google econ uncertainty index —0.07 —0.14  —0.05
Stock volatility 0.20 0.00 —0.05
Policy uncertainty index -0.02 -0.21 —-0.19

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

7.4 The effect of interest rate surprises on inflation forecasts

In this section, I separately 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
estimates echo 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 (17) with constant coefficients.
My analysis differs from theirs in several ways. First, my sample period is 1989:Q1 to 2011:Q1
which has little overlap with their sample which focused on periods between 1974:Q3 and
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, | instead use interest rate surprises measured with one-day changes in federal funds
futures prices which arguably has less of an endogeneity problem. Despite these differences, 1
am able to qualitatively replicate their result. In fact, the regressions show that this positive
effect of surprise interest rate tightening on inflation forecasts is actually significant at the 10%

level for 2 out of the 4 horizons.
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Table 4: Baseline effect of federal funds rate surprises on inflation forecasts

Dependent variable: 7,

h = 0 1 2 3
Troior  LO3G¥RF  0.973%FF  (.974%FF ] (21%FF
(0.05) (0.04) (0.03) (0.03)
i — o1 0.350% 0176 0.276* 0.194
(0.17) (0.13) (0.13) (0.11)
m -7 0.105%%  0.017 0.025 0.33
(0.04) (0.02) (0.02) (0.02)
Mo —Taer 0.97FFF 01426FF 0.067FFF 0,097
(0.05) (0.03) (0.02) (0.03)
Constant —0.062 0.011 0.036 —0.084
(0.11) (0.10) (0.07) (0.07)
Adjusted R2 0.885 0.928 0.952 0.949
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.

To further build upon this and test the main prediction that K} 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. For the following set of
regressions, I create dummy variables for the lowest 1/3 and highest 1/3 of prior uncertainty

realizations and interacted these with the news measures.
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Table 5: Effect of federal funds rate surprises on inflation forecasts with a high vs low prior
uncertainty interaction

Dependent variable: 7,

h = 0 1 2 3
Tono1  L.038¥F*  0.965%F*  0.961%F*  1.003***
(0.06) (0.06) (0.04) (0.03)
iy — G X Stdf_| low  0.13 0.112 0.101 0.287+*
(0.29) (0.26) (0.15) (0.13)
i — dp—1 x Stdf_, high  1.161%¥**  0.660**  0.715%** —0.084
(0.40) (0.30) (0.23) (0.24)
Ty — Tt X Stdf_; low  0.076 —0.046 —0.021 0.031
(0.07) (0.04) (0.04) (0.04)
Ty — o1 X Stdy_, high  0.172%%  0.038 0.024 —0.054
(0.07) (0.04) (0.06) (0.04)
Tio1 — Moot X Stdf_; low  0.253%%  0.209%%*  0.104**  0.113**
(0.10) (0.06) (0.04) (0.05)
Ti_1 — T—ip—1 X Stdf_; high  0.111 0.1 0.087 0.178**
(0.08) (0.06) (0.06) (0.07)
Stdr | high  0.180** 0.081 0.093** 0.002
(0.08) (0.05) (0.04) (0.05)
Constant —0.116 0.031 0.048 —0.033
(0.14) (0.14) (0.09) (0.10)
Adjusted R 0.887 0.932 0.963 0.952
N 59 59 59 59
F-test of difference in 4, — Gyy—1 coefficient  0.041 0.104 0.010 0.176

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.

Compared to the baseline results, in all but the farthest horizon, the coefficient on interest
rates surprises in periods of low prior uncertainty are small and not significant while the coeffi-
cients in periods of high uncertainty are much higher and statistically significant. F-tests show
that the differences in these coefficients are statistically significant in a few of the horizons as
well. In addition, the interactions on the news captured by the lagged forecast and nowcast
errors also go in the predicted directions in all but the last horizon. This decomposition of the
slightly positive overall effect of interest rate surprises on private forecasts provides additional
evidence for an explanation based on a signaling effect of these policy actions. Other possi-

ble explanations for the slightly positive overall effect (e.g., a cost channel) do not naturally
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generate this type of interaction.

Results are similar when I use a continuous interaction with prior uncertainty.

Table 6: Effect of federal funds rate surprises on inflation forecasts with a continuous prior
uncertainty interaction

Dependent variable: 7,

h = 0 1 2 3
Tophp—1  L.O37TFF* 0.978%F%  (.992%Fk 1 028%+*

(0.05) (0.05) (0.03) (0.03)

B — g1 0.474FFE 017 0.315%*  0.155

(0.16) (0.14) (0.16) (0.14)

it — fp—1 x Stdy_,  0.445%F  0.273* 0.225%  —0.086

(0.22) (0.15) (0.13) (0.13)

T — Tt 0.097FF*  0.019 0.027 0.039

(0.04) (0.02) (0.02) (0.02)

Ty — Tt X Stdy_;  0.074* 0.067** 0.043** 0.008

(0.04) (0.03) (0.02) (0.02)
Teo1 — T 0.215%%F  0.145%%%  0.067FF*  0.090%**

(0.05) (0.03) (0.02) (0.03)

Tio1 — T—ip—1 X Stdi_;  —0.056 —0.080*  —0.036 0.016

(0.06) (0.04) (0.03) (0.04)

Stdr | 0.027 0.015 0.047** 0.012

(0.04) (0.03) (0.02) (0.02)

Constant —0.056 0.009 —0.004 —0.106

(0.11) (0.11) (0.06) (0.08)

Adjusted RZ 0.889 0.931 0.954 0.947

N 88 88 88 88

Notes: Std]_, is standardized to have zero mean and a 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 the GNP to GDP deflator making the
lagged forecast unavailable in that period. ***/** /** Statistically significant at 1, 5, and 10 percent, respectively.

A candidate explanation of why the interaction may be stronger at lower horizons is that
the Federal Reserve’s information advantage may be stronger at lower horizons. Some evidence
supporting this possibility is presented in Sims (2003) where he tests whether the Federal
Reserve’s inflation forecast has a lower RMSE than the SPF’s average forecast and finds stronger

evidence for one-quarter-ahead forecasts than for four-quarter-ahead forecasts.
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7.4.1 Robustness checks

One might be concerned that forecasters take into account other variables when making inflation
forecasts. To address this issue, I add measures of news related to real output growth to both the
baseline and prior uncertainty interaction regressions. These news terms are defined analogously
as lagged forecast and nowcast errors. The tables given in the Appendix show that the results
remain unchanged with this addition. In fact, with these additional controls, the interaction
of the response to interest rate surprises with prior uncertainty becomes stronger. The results
also are robust to adding corresponding unemployment rate news measures (tables given in
Appendix).

I also obtain similar results using the Federal Reserve’s Greenbook forecast revisions as the
proxy for other news (following Romer and Romer (2000)) although I lose about five years of

observations using this specification due to the Greenbook’s publication lag.

8 Conclusion

In this paper, I explored the impact of a signaling channel on the conduct of optimal interest
rate policy as well as equilibrium responses to policy surprises. I found that a discretionary
policymaker who is better informed about an output gap target can influence inflation expecta-
tions 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 to
the perfect information case, the signaling effect reduces the stabilization bias which 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, which helps to rationalize
the Federal Reserve’s policy of publishing staff economic projections with a five-year lag.

For a general interest rate rule, I showed that when the policymaker is better informed
about demand shocks (or shocks to the natural real rate of interest) and the policy response
to these shocks is inadequate, the it is possible to see positive responses of current economic
activity and forecasts to interest rate tightening. This matches the empirical patterns found in
the present paper as well as previous work in Romer and Romer (2000) and Campbell, Evans,
Fisher, and Justiniano (2012). Furthermore, I provide new empirical evidence showing that
the responses of inflation forecasts to positive interest rate surprises are strongly positive when
prior uncertainty about inflation is high, as predicted under this information setup.

Though this paper examined a model of monetary policy, the logic behind the optimal policy
results is generalizable to other settings where a policymaker possesses superior information and

has the potential to influence outcomes through expectations. The positive results showing that

47



the economy can sometimes grow in response to a supposedly contractionary policy action can
also manifest in other scenarios where policy is intended to be countercyclical, such as fiscal
policy.

A natural extension of this paper which I reserve for future work is a more extensive study
of the impact of incorporating a zero lower bound. In this environment, even optimal policy
will not be able to adequately respond to fluctuations in the natural real rate, thus making
it more likely that supposedly expansionary policy actions, taken when the economy is close
hitting to the ZLB, can lead to further declines in economic activity. The ZLB also provides
a setting in which there may be greater benefits of communication in contrast to the results
found in this paper.

Lastly, though the linearized form of the model used in this paper was crucial for obtaining
closed-form results on optimal policy, I plan to revisit the optimal communication policy ques-
tion in a more realistic framework that includes higher-order welfare effects of uncertainty as
well as a channel for communication to impact the transmission of interest rate policy through

its effects on risk premia.
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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. In this environment, it is consistent for consumers and firms not to have information about current
aggregate outcomes. This yields a condition for the aggregate output gap which is identical to equation (1) in the
model in the main text. The inflation condition differs from equation (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 who 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 gap target levels { qt, gt} 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} = {it, gt gH}. In this stage, pre-commitments are made regarding aggregate nominal consumption.

In stage 2, each worker-firm j now realizes his 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 ijt =gt U Z}. T do not include past observations of g;t in these information sets since they are

t—1

irrelevant for current and future payoffs once ¢+ is known. All firms set prices simultaneously so these decisions

are made without knowledge of the current aggregate price. The household receives no further information about

Yt
In stage 3, all prices are revealed and the consumer optimally allocates 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 in Stage 1
of the next period so that the amount of wealth each consumer starts the period with is the same across agents.

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
Yjit = ?CH- 1—? gjt — € (Pjt — Pt)

C
= Y+ <1—Y>wjt—€(pjt—17t)

C C
since ¥y = e + <1 — Y) g: by market clearing
where
gjt = gr +wji, wjr ~iid N (0,02) (18)
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Meanwhile, I continue to assume AR(1) forms for the aggregate shocks

gt = PeGi1+egt, €gu~iid N (0,07)
Yo = pyli-1+egs, ege~iid N (0,07) (19)
A.2 Consumption

Preferences are identical across households and the same as the model in the main text
0 ]- e—1 :
max E Y B'[U(Cy) = V (Lt)], where C; = [/ Cj;dj] e>1
t=0 0

All households have access to the same full basket of goods in stage 3 so there’s only one relevant aggregate
inflation rate. Then, since all households make pre-commitments to nominal spending in Stage 1 based on the same
information set and facing the same idiosyncratic risks, they all choose the same aggregate nominal consumption

which yields the following FEuler equation in log-linearized form

Uo .
Ct = E [Ct_t,_l‘l-tl] + U (Zt —F [wt+1\It1])

Note that combining this consumption Euler equation with the resource constraint yields the same condition

for the aggregate output gap as in equation (1) since I can write
- - 1.
G o= E[jalZ}] - p (it — B [me1|Z}]) + di — E [dega|Z} ] (20)

_ C C
where §; = yt—yfzyct‘i‘aiw<1—)gt

% c
dd; = 1——
and dat U—i-cp( Y)Qt

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

This definition of the aggregate demand shock d; also gives

% C
di = 1-—= = pdi_ 21
t a+<p< Y)Qt Palt—1 + €d ¢ (21)
C
where p; = Py and €54 = ﬁ (1 — Y> €g,t

Purchases of varieties j are made in Stage 3 after prices are revealed so that
Cjt = C — € (pjt - pt)

A.3 Production and price-setting

In Stage 2, a worker-firm j learns the government portion of their demand g;; so their information set is Ij?t =

{it, gt~ gjt_l,gjt}. They face the demand function
C C
yjt =yt 1—? gjt — € (pjt — pt)
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However, they do not see aggregate prices and so they do not know how much they’ll ultimately sell for a given

price pji.
Technology is again linear for each worker-firm

Yjt = ALj;

where the nominal cost of labor (which is a pseudo-wage) is given by the MRS multiplied by the aggregate price
index which has the following log-linear form (where ¢, o retain the definitions in (3))

C
wjt = Pljs + o3Ct +pe

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

o0

Py = (1=08)> (08)" B [wjk|T5]

k=0

C i} .
= (1-0p) (UYCt + E [py}; +pt|I]2t]> +0BE [p}11|T5]

where I use a star on y7, to highlight that reset prices depend on output among price resetters which is different
from output among non-resetters. Using the firms’ demand function, this can be transformed to

) C C . ,
P = (1—0p5) ((U + ) v + (1 - Y) gjt — pepy + (L +pe) E [pt‘fft]) +0BE [pj,tJrl’Ijzt]

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 € [6, 1]

1 1
19/99]t] gt

* . . . . . 2
Then, as long as Dy 18 linear in the variables in Ijt’

1 1 1
— p*deP*E/p’fdj
1—9/0 7t ! 0o 7!

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

E [P;,t+1|232t] =F [p:+1|zyzt]

Then, the aggregate price index implies the usual log-linearized first-order dynamics

1
Pt = Opei + / P = Ot + (1 0) p; (22)
0
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Then, expectations have to satisfy
E [pilT3] = 0pi1 + (1 - 0) E [p}|Z},]
The aggregate price relation also gives the following property
(1=0) E [pia|Z}] = B [ |Z}] + (1= 0) E [pi|Z3]

Aggregating the individual reset prices over resetters j € [6, 1] and using these properties then gives

(1-0)1-68) (0 +¢) . 05

E [mn|Z7] + (1 - 0) E [pi| T7]
where with a slight abuse of notation, I denote aggregate expectations with

1
E[2|T}] = /0 E [2|T3] dj
This delivers the Phillips curve in this setting

o 1+(1f«9ﬁ)5¢E[m+l|Itl]+

17 a f@ﬁ) (P [ren|Zf] = B [ren|Z1]) +

K -
1+ (1—08)cp™”

(1-6)?
0

(B [p7|ZF] - p})

(23)

(24)

This aggregate inflation condition along with (19), (20), (21), (22), (23), and an interest rate that’s linear in
{ gt,yt} give 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!”.

In particular, behavior of the aggregate output gap and inflation are given by (20) and (24) which are the

counterparts to the key equilibrium conditions (1) and (2) from the main text. The only differences in equilibrium

behavior of aggregate variables comes from the differences in the inflation equation. Looking at (24), it’s 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 m < 1 due to the yeoman farmer decen-

tralized labor market setup.

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

o E [m11|I2] — E [m41|Z}] reflects the difference in aggregate beliefs that comes from individual agents

having the idiosyncratic signals {gj;}. E [m41|Z}] will be a prior based on the histories {g'~*, 7'~ *}

plus a term reflecting news from i;. F [Wt+1’I,:2] will be the same prior plus a term incorporating the

same news from 7; 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 equilibrium,

these news terms, and hence E [wt+1|1't2] - F [77H1|Itl], are linear in {€4, €5}

"Lorenzoni (2010) proves this in a model that has a similar structure.
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e E [pf|Z%] — p} will be linear in the belief errors E [¢¢|Z7] — g+ and E [j;|Z2] — 9 which are themselves

linear in {€q ¢, €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 {ej: €5+}. This will change the exact expressions for the responses of
endogenous variables to shocks. In addition, the government spending shock now enters into the NKPC, thus
giving it properties of an additional cost-push shock which poses an inflation-output tradeoff for the policymaker.

The qualitative aspects of the paper’s results remain intact.

B Solution under arbitrary policy coefficients

Rearranging equilibrium conditions (1) and (2) gives the following system

y 1 ] 1 1
T K o 7Tt+1‘t K K

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

Grt1pe - M degrfe — M| P 0 dyt
T4t Y1)t 0 py st
Using this along with expression (4) for the interest rate then gives
z 1
Y P P, 0 d 1
t - K M| e - Pty
Tt s+ 8 0 py Yt K
d — [ ] (fadi + fg9e + fapdye + fgpue)

Using this to evaluate the one-period-ahead expectation and matching coefficients gives the solution for M

+ al=

Qlx Q=

B

form for expectations

1
+

Qlx Q=

Mo 200 (1= Bpg) (fa+ fap— o (L—pg) 2% (1= Bpy) (f5+ fap)
2Qa (fa+ fap— o (1= pg)) 55 (fy + fop)
1 1
ith Q4 = d Q; =
M = ) U= Bpa) - Epa VT (1= py) (L= Bry) — Epy

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

[ e ] - [ 204 (1= Bpg) (fa+ fap — o (L= pa)) pa 25 (1= Boy) (F5+ f30) Py ] [ i ]

Tygit EQq (fa+ fap — 0 (1= pg)) pq 2Q4 (f5 + fan) Py
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~5Q (1= Bpg) (fa+ fap—o (L= pa)) = (L= 3 fa) |

50y (fat fap— 0 (1= pa) — s (1— L £2) g

—1Q45 (1 - Bpy) (fg + fzp) + 115
—2Q5 (fg + fap) + 215

+ Yyt +

Longer horizon forecasts then evolve as

Yornle | _
Teth|t

Setting d;; = d; and yy; = Y leads to the perfect information responses in Section 3.1.

2Qa (1= Bpg) (fa+ fap— o (L= pa) pli 294 (1= Bpy) (fg + fos) P} dyj
5Q4 (fa+ fap — o (1= pa)) P 5Qy5 (fg + fa.0) Pl o

g | 2= Bpa) (fa+ fas— o (1= pa)) 295 (1= Bpy) (Fs+ Fzp) | |

wPI EQq (fa+ fap — o (1= pg)) o (f5 + fgp) Ye
Giowe | _ | 29— Bpa) (fa+ fap =0 (L= pa) Pl 30 (1= Bpy) (fz + fgo) of | | de
Tl 5Qq (fa+ fap — o (1= pa)) P 5 (f5 + f30) P} bt

Responses for 74 can be obtained using these solutions and the definition 7 = 4y — T — 0 (dt — dt+1|t).

The signs of responses depend crucially on the signs of {; and 5. In particular, these coefficients need to be
positive to ensure that responses go the intuitive way (i.e., the perfect information responses of the output gap
and inflation to a positive interest rate surprise are negative). I can show that Assumption 1 achieves this since

for a given p € { Pds pg} the corresponding €2 has the same sign as

(1—,0)(1—Bp)—§p=ﬁp2—(1+ﬁ+§)p+1

This is a U-shaped parabola with 2 real roots. The larger root is greater than one.

11g, 5819 -4

> <
% o >1forg<1

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

smaller root of the parabola for €14, to be positive. Thus, I impose

1+ﬂ+g—\/(1+6+§)2—4ﬂ

Pds Py < p= 25
where - (1-0)(1-6p) (1 + f)
o 0 o

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

7 1 1 £
@ 1-— tots <0

o7 28 \/(1+ﬁ+§)2—4,6

shows that p < 6 for ¢ > 0.
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C Proof of 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

BT = iy — BT\ i
= (U4 fapKar + fgoKye) (facar + fyege)
Ja(fa+ Jap) 5ot + Jy (s + Jao) Ja(a+ fap) G+ Jy s + fi)
= 20jz 1 2 fdﬁd,t + 2":; L 2 fﬂeg?t
fd0t1+fg fdat1+f1?
Lq !

Then, under Assumptions 2 and 5, it’s clear that

disurp disurp
=13 >0>153 =

dﬁd’t

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

which gives

ddt|t _ f K ddt|t _ f_K

ded,t dfrdit, dﬁg,t ygdt

dyy|¢ dyys

kL K- - £ K-

dedﬂf fd Sty deg}t fy y,t

fa U§ = _
where Kg; = % and Ky t#
fc%adii—i_fy fc%adii—i_fy

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

dyy/degy 1 [a.@t n e Yyt n Oyt ddt|t:|
d’i?urp/dﬁg,t Lg agt 8gt|t dﬁ@t 8dt|t dE@t
195 (1= Bpy) (fz + fop) fg + Qal(fa+ fap) 1 — Bpa) — ko4 fd%
7 fa(fa+ fap) Z%: + f5 (fy + fgp)
dmy/dege 1 [aﬂt Oy dYy n oy ddtt}
difurp/dEg’t (93],5 (917t|t d€g,t 8dt\t dew

0 (s + f3) Jo + Qalfa+ Jas = 08pa (1= ) = voul fahs

g fa (fa+ fap) “1+fy(fy+fyb)
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dy/deqy 1 [0 n OYr die | Oge ddys
difurp/dﬁth - Ld 8dt 8gjt|t d€d7t adﬂt d€d7t

11— (1= 8py) (fg+ fap) fafa+ofz — Q1 —Bpg) (fa+ fap— o (1—py)) ff%

o fa Ja(fa+ faw) 2=+ f3 (F5 + f)
dmi/deqs 1 [87& N Oy Ay n omy ddt|t}
difurp/dedﬂg Ld 8dt aﬂﬂt d6d7t Bdﬂt d6d7t

k1 =09 Uy 4 fyo) fofact o ff = Qafut fan =0 (L= pa)) S35
o fa fa(fa+ fap) Z%: + f3 (f5 + fap)

Assumption 1 gives €4, 5 > 0 as discussed in the previous section. For the relative responses to €, 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) (1= Bpa) —kpg < 0 and fa+ fap —0Bpg (1 —pg) —Kpg <0

& fat fap < min{lfpgpd’pd (oB(1 —Pd)+'€)} = 1fpgpd

where the last equality comes from the fact that {25 > 0. Meanwhile, this same fact gives

KpPq —opy KPq
(1= pgq) (1= Bpa) 1 - Bpy

K
and Pd < o

(1= pq) (1 = Bpg)

dgt/d6?77t dﬂ'f,/dﬁg,t
T Tde and P -

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

Thus, Assumption 6 is sufficient to guarantee that these second terms in the numerators of

. dijs /de; dry /dey - e .
5. Then, it’s clear that di.fi‘r{q /fféf - and difﬂ’;{) /fj/e’i - can be positive if the second terms in the numerator are large
t Y, t Y,

2
(i.e., when % is large). For the relative responses to €q4, the first terms are negative while the last 2 terms are

positive under Assumption 5. Then, it’s clear that they can be positive if the last two terms in the numerator are

2
Ogq.t—1

large (i.e., when “3*= is large).

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

dx, dz, 20'3,*;71
Coviy (20, i5"7)  desta0ai *des w05 dag/deqy  Jaot dwy/degy fi
Var, (i) OG- TG i deay gy pa diT fdegy paohes g2
so that
Covy_1 (my,i5"P) w Qg (f5 + F5) fg + Qa (fa + fap — o (1= pg)) fags=
Var,_1 (i0"?) o Gt p ot
fa(fa+ fap) gz + fy (fg + fyp)
Covi_1 (§u,i5") 19 (1= Bpy) (fy + fon) f5 + Qa (L= Bpa) (fa+ fap — o (1= pa)) fags=
Var,_1 (7))~ o TN
fd (fd + fd,b) Uzwil + fy (fy + fy,b)
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Then, Assumptions 2 and 5 are sufficient to show that

qCova(mi ") Qy -Q —o(l—-p
CVar ™. 8 (fa+ fap) = Qa(fa+ fap — o ( 2d))fdfg(fg+fg,b)>0

e 7 faGat Fan) B+ By + F0)
dCour Gt ) 5 (1= Bp, —Qq(1 - —o(1-
Var;;ilt(jtl ) ! g (1—Bpy) (fd+fd,b) a (1= Bpy) (fd+fdb2 o Pd))fdf37 s+ fr) >0
dzs= fa (= fa) B2+ f5 (f + F0)|

These 2 assumptions are also sufficient to ensure that these scaled covariances are positive for large enough — d =L,
y t—1

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

dYi 1t _ OUttnje AUye  OUpgn)e ddy
dﬁ@t agt‘t dﬁg t 8dt|t dEgﬂg
1 el (L= Bpy) (f5 + fz0) f3+ Qaply (1 = Bpg) (fa+ fap —o (1 _pd))fd%
— —_— g >
g fr g
drypnye Oy ne Ay Omps e ddys w . oy (fg + fgp) f3+ Qaply (fa+ fap — o (L= pg)) fage="
deg = T 0g, de + ddy, des; oY 2%,5 1 -
7.t Yt 7t tlt 7t Tis + fy
d$t+h|t fa dxt+h|t -
Tdi = JT?? deg e for zyypy € {Z/t+h|ta77t+h|t}
dry diy dmiyy ddy ddt|t
= - -0 opg
dﬁd,t dEd,t dﬁd,t ded,t dEd t

Qy (1= py) (1= Bpy) (fy + fza) fafa — o ff +Qa (1= pg) (L= Bpa) (fa + fap — o (1 = pa)) f3 2=

dO' o1
2‘7dt 1
fdat1+fy

dry diy dm ) ddy ddy)s
= - -0 +opaT—
dé@t dﬁgﬂg d€g7t d6g7t Cl y7

Qy (1= pg) (1= Bpg) (f5 + f50) f7 + o+ Qa (1= pg) (1= Bpa) (fa + fap — o (1= pa))] fy fa e

U?},tfl
ZUdf 1
fda i1 +fy

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

. 20 d t—1 2
Coviy (Tornpe it7)  dapypy/deay  Jaoz, Ay e/ deg g 1z dayyp/degy
-Surp surp -Surp 2 - -Surp
Vary—y (i;") diy""/deqt f(% Zg:_i + fyg diy " /degy f(% 53:_1 + fg diy"" /deg ¢
Got— ot—
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so that

Covpy (Teyn ") Qupl (f+ fap) fg + Qaply (fa+ fap — 0 (1= pg)) fdiz"j:
L I 7
Vari_q (’Lt ) o fa(fa+ fd,b) ngtﬂ + fg (fg + fg,b)
Covi1 (Grane- iy ") 1 Qo (1= Bpg) (fg + fgb) fa + Qaply (1 = Bpa) (fa+ fap — o (1= py)) fdjgﬁ
.SUTp - o2
Varg1 (477) g fa (fa+ fap) 22 + f5 (f5 + fap)

g, t—1

t—1

2
Assumptions 2 and 5 are again sufficient to ensure that these scaled covariances are positive for large enough Zﬁi

g, t—1
and that

Covy 1 (Totniesiy ")
d Qpy (fa+ fap) = Qapi (fa+ fap — o (1= pa))
Var,_1(i;"" ") _ KgPy \Jd d,b dPg \Jd db— 0 Pa
e = - s fafy (f5 + fzp) >0
- [fd (fa+ fap) Gem + fy (fg + fg,b)}
Covi_1(Gesnie,t:""")
T Var @ _ 1905 (U Bpy) Ut Jap) = Qapi (U= Bpa) Uat fay =0 (L=pa)) p oo o
01 - 2 2 y\Jy Y,
dgz= 7 {fd (fa+ fap) 3=+ fy (fy + fz?,b)]
Looking back at the equilibrium solution, it’s clear that setting f; = o and f;, = —op, results in the coefficients

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

in Section 3.2.

D Proof of Proposition 2

Here, I repeat the equations summarizing the policymaker’s problem described in Section 4

o0
. T €
min  E P Z B t°§ ((yt —7)° + ;ﬁ)

ifflw?gt»ﬂ-t t=t0
subject to
N - 1/
S (it — mpae) + de — dygape
T = BT + KU
where

Qt+1|t - M pa 0 dt|t
i1t 0 py Yt
dyjy = pgdi—1 + Kq (iiﬁs — fapqdi—1 — fgpgﬂt—l)

Utje = pyhi—1 + Ky (iiﬁs — fapadi—1 — fg/)g??tq)

with M, K4, Ky taken 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 i

1
M | Pl 0 C{t|t _ Pa + Ulfd,b iy
0 py Yt K (Pd + ;fd,b)

i]dt—[(l)]%—[ ]iiﬁs (26)

Ut — Yt _ 1 1
Tt R §+6

SIERSIE
STERSTES

] Tt +

By plugging in beliefs, this can be transformed into the following function of exogenous states and 4
Ut — Ut - 1-Kafa —Kafy pdcft—l + I -1 Cft n Hy,; idis
e —Kyfa  1-Kyfy | | Pyl kOO0 || o Hr
1L 0 1 1y
where ¥ = L M| Pd _ Pa+ glfd,b Zf%b (27)
Kog+B 0 py w(pa+ zfan) Gl
O 07, ddy+ 07, dPe+
d Hy,i = ¥ K _ % _ 81’?"5 + Bd?ih didi‘s + agym di;u‘s
an H . - K- K - on, Om, ddy O, AP
i y o o T Bdi; i T DG dif

In this form, it’s clear that the discretionary policymaker has no control over time ¢ + 1 or later outcomes and
the problem simplifies to
1 €
min — ((gt — )%+ —W?) subject to (27)
K

which clearly gives the optimality condition

~ _ 9 . _ 5

amy omy ddejr | amy DUt

. . . o . . Hﬂ_ i aidis ad didis En didis
matching the form given in the proposition with R = 7=+ = —t——ttm——

¥ ai?is—"_adt\t d’ii“’s Oﬂm ditdis

Solving for g; using this optimality condition and substituting this into the inflation condition gives
Tt = Bigp1e — Reme + K

By restricting attention to nonnegative values of R, I can iterate this forward while using the fact that g, p; = pgyﬂt
to get a solution for m; in terms of {gjt, gjt|t}. Substituting that expression for m, back into the optimality condition

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

S Kk n Bpg’f _

! 1+ Re (1 - Bpy + Re) (1+R€)yt|t
. 1 - RefBpy _
b L+ Re" ™ (1= Bp, + Re) (1 + Re) M

Then, this gives expressions for expectations g, 1; and 7,1, which immediately reveals the equilibrium value

of M as a function of R
~ 0 _1-Bpy
Yesre | _ 1-Bp,+Re pa 0 dt\t
Tt 0 1=pp, 7%= 0 pg | | Uit

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

it = o (d—dipap) + T + 0 (G — Ge)
1 1 1 1
= ody—opyd S 28
RN <1+R5 le—ﬁpy—i-Rs)yt't (28)
'I"n a/_/ Vv -
t £ (®) 50(R)

Using these optimal response coefficients along with the expression for M gives the equilibrium condition for R

Bpy

K-—1
1-8p,+Re)(14+Re) " Y 1 1+R
R=k ( Bpi;p 87)2(8 RO " since Ky=—— + 5 5 (29)
g 1 Al
(1-Bp,+Re)(1+Re) Kg—3 71+ Ré) + 1
Here, it’s clear that when Sp; = 0, the terms involving Ky drop out of this expression and it gives R = k.
Rearranging (29) gives
205
0=—Bp; (R% + k) + (R —k) (1L - Bp; + Re) [(1+Re) ;gﬂ (30)
Y

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 reduce this equilibrium condition to a third-order polynomial

0 = R(l—ﬁpg)—/1+(R—/1)(1—ﬁpg+7?,6)(1+7?,€) (31)

SEN
QN[N

2043 032
= ¢ —gR +5(2—ﬂpg—€m) —gR
Ty Ty
oi i
+ {(1—pr) <1—|—02(1—5/i)) —5/1] R—/s;<1+ (1—Bpy) 02>
g g

Since the first coefficient in the polynomial is positive while the last is negative, Descartes’ rule of signs says that
there must be at least one positive root for any values of the middle two coefficients.

Again, attention is limited to positive solutions for R. To see that R > k, note that rearranging (30) gives

~ 2
R—k= bpy RE—HZ >0 forR>0
1= Bpy+Re (14 Re)? % +1
Using the expression in (31) gives the upper bound R < ’;3
o2
R(1-pp;) —r=—(R—k)(1—PBp;+ Re) (l—i—Rs)—g <0 for R >k
0__
y

Implicitly differentiating (31) gives

dR (R— k) (1—Bp; + Re) (1+ Re)

d(o5/03) __l—ﬁngr [(R—k)[(1—Bpy+Re) +(1+Re)] e+ (1 - Bpy +Re) (1+Re)| %

<0

< w‘s:.m

Now, I look at the cases given by the limits of

@ M‘Q_M
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e When ad — oo: In this case, referring back to (29), it’s clear that Ky — 0 and R = & is the unique solution
in this hmlt To see that this is the solution of the perfect information case, note that the policymaker’s
problem in that setting is

1 _\2 € 9
m}H§ (( —u)" + Eﬂt)
subject to (27) but with dy; = d; and gy, = 3. Then, it’s clear that the optimality condition is the same as
the one given in the proposition with R = k.

e When Z—zi — 0: Equation (29) shows that

K . 1+ 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+ [ pUe
First, I substitute these coefficients into the solution under a given rule derived earlier in the Appendix and

given in (25))

[ Ut — Ut ] _ —5 (1= Bpy) (fz§+f§,b) +f5 Bue +
= e
Tt

5y (f5 +750) + 505

lfc_ Yt
:‘ifc

where equilibrium beliefs in this limit are given by

Yeje = Yt + 72 fy dt

Then, the policymaker who can commit to this rule solves
> 1 €
CB t—t ~ —\2 2
min B3 8705 (=) + )
t:t()
g~ =50 (1= Bog) (F5+ f5) ~ 1| [ 00 (1=05) (14 %) +1
where = . o e Yp + e €d,t
oS (fg + fg,b) — Kl <1 i ) TR

Then, the two optimality conditions are given by

8
0= o 3 (- )

g t=to

= O—EthZﬁt o (g —50) (1 - Bpy) +emy) [—1yt+ Uz ed,t]
= (fg)
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0
0 = g5 (e )

tto

= O—EgBZﬁt o (G — 5e) (1—Bpy) +em) [—1%— ic dt]

t=to y

Both conditions are satisfied by a policy that maintains

o €
Yt — Yt = — m Vit
1—Bpy

which is equivalent to the optimality condition of the discretionary policy with R — 1_7% in this limit.
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}. That is, I replace the

supposed behavior of current policy in equation (11) with

iy = Z fhzst dy; + Z fhzst (32)

=0

(In equilibrium, a rule that also includes current and lagged private agent beliefs can be written in this form since
private agent beliefs are a function of lagged and current state variables in equilibrium.)

Then, beliefs are given by a static Gaussian signal extraction problem where

dt\t Padi—1 KgiSt . . .
-~ = _ + it | Lo — B i Ze \ id]]
[ Yelt ] [ PyYt—1 KL} t
where E [i;|Z; \ 3] = [fc}lLiSt (0) pg + £ (1 )} di—1 + [f;m (0) py + £ (1 } Y1+ Z PP dog +> (1) G
1=2

fhist ( ) (0) UZ Khzst fhzst )

and KMt — 5 Kj (© 5
(fhzst( )) 3_’_( hist (0)) O'% (fhzst( )) +( hzst (0)) O'%

To proceed, I now conjecture that the equilibrium solution for the endogenous outcomes §; and m; are linear in
the full history of shocks, thus resulting in expectations of the form

Yepre | _ Mhist | Pd 0 dy)t
Tt 0 py Yt
Again, this allows me to write the output gap deviation and inflation as
h t & hist thst
18 18 N
T Z dt_l + ; Hy ( )yt 1+ thst i (34)
Hhist 1 l ) 0 0 Jhist
where %Zst = K ’ tht P o P %ist o
H kK Z+p 0 py kpg O K
and {HJ™ (1), HE (1)}

. are functions of Mhm, Kf;“t, Kgm, {fgm ), 5”“ (1) ,MZiSt 1),

+ ZMhzst dt L+ ZMhzst )ytfl
=1 =1

g Q|x Q=
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This again reduces the discretionary policy problem to

1 €
min B ((gt — )+ —TrtQ) subject to (34)
1 K
which gives
c hist
~ _ ; ; 0
G — G = *Rhwt;ﬂ't where hast — Htmst
y7l

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

~ 1_5/);7
Y11t | _ 0 1-Bp, +RFste pa 0 dt|t
Tt 0 =g e 0 pg | | Yee

Mhist

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

— p L 1 1 1 i
iy = odi = opadue = o o+ o\ T~ 0, 1= B, )

Combining (32) and (33) shows that equilibrium beliefs are a function only of time ¢ and ¢t — 1 fundamentals

dye | _ | padi—
Yet PyYt—1
Then, comparing (32) to the optimal interest rate proves that £t (1) = fgm (I) =0 for I > 2. Using these equilib-

rium beliefs in the expression for i} allows me to obtain the remaining coefficients { f}5* (0) , 15t (1), fé‘“t (0), fé‘“t (1)}

hist
K d

+ .
Kh t
gzs

] [fgiSt (0) (di — padi—1) + [ (0) (5 — ﬂgﬂt—l)}

1
71+ Rhiste

1 1 1 — hist hist hist — =
e <1+Rhte T, 1-6p, +Rhists> s K [ 0) (e = padi-a) + £57°0) (3 = pyi-1) |

it = odi—opy [pddt_l + Kt [fé”“ (0) (de = pade—1) + f5"" (0) (7 — pﬂgt—l)” N 4

, : 1 1 1 L
_ hist ¢hist hist ghist
= 0 (1 — palSq" f3" (0) + <1 +RMSlE  Qp1— Bpy + Rhistg) Ky fq"” (0)) dy
. : 1 1 1 o
hist rhist hist phist
-0 [Pd (1 - Kg™fa" (0)) - <1 + Rhiste ngl — Bpy +Rhist6> Ky fq® (0)] Padi—1
- 1 +p Khistfﬁist (0) _ 1 _ i 1 K&zistffzist (0) Ui
1 + Rhistg d>d Jy 1+ Rhiste Q1 — Bpy + Rhist s g Iy

. 1 1 1 . )
+o {Pngwtfziust (0) + (1 T RFst: Q1 Bpy + 'Rhist€> [1 — K5t (O)H Pyli-1
Yy
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which gives

hist _ g
fa™(0) = hist 1 1 1 hist
1+ Uded -0 (1+Rhist€ 0 1_Bpi+Rhist8> Kg
1
ffu'st (O) — —O I3 Rmiste

hist __ 1 1 1 hist
L+ opiKg o <1+Rhme Q5 I—Bp@—l-R”’iStE) Ky

Substituting this into the expression for K?S”St gives py K15t as a function of Kgis’f.

; 1 (14 RMse) 1 1 1 ;
hist hist hist
Kpst = —— 1+ opgKist —o (e — — | Khis

(14 Rhiste)? %4 4 1 14 Rhiste  Qy1— fp; + Rhiste ) ¥
95
hist 2\ 2 Oil
= pgKhEt = 1 : 1 L — — (1+R 8). 0127+1 Kh“t—l
1+ Rhste Qg1 — Bp; + Rhiste 1+ Rhiste v o
Then, using the expression for R and the equilibrium expression for Mt gives
—Bpy+E+8 . . . 2 42
Rhist _P Khzst + 1( T Z—Rh tE)KbZSt _ % 50@ 4 (1 o 50@ +hast€) <(1 4 hastg) %g + 1)
= = K 2
_deélist + i’y(;p ﬁ/?;éh“t)sKhzst % _Rhistgﬁpg + (1 _ ﬁpg + Rhiste) (( + hastg) 7% 1)

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

0= bp; (<Rhist>2€ 4 n) n (Rhist . n) (1 — Bpy +Rhist8) [(1 + Rhist€> = + 1]

Y

which indeed matches equilibrium condition (30) 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 (32).

D.1 Proof of Corollary 1

The proof above of Proposition 2 gave the forms of f7 (R) and f;, (R) in (28). There, it was also shown that the
perfect information discretionary policy optimality condition is

Pl PI
Y — Y= —€Ty

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

1 — Bp,

PI _ K _ _pJ Py
—_—— d == ———
Tt 1 Bpy+ Rt e Y 1—,3p@+5/<&yt

Then, this gives expressions for expectations

Py (1 _6/9@) _
_ﬂpg + ek t

PI KPy

—_— d
Ti1t = 1_5,0274_6%% an ytH‘t
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which can again be used along with (1) to back out the implied optimal nominal interest rate in terms of {d¢, g}

1 1
-k, PT —
i, =o(l-— d—o—i =1+ (f2(k)+ fi, (K
P =g g g = (G )+ J () T
Ty
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 (15) and (16) is the unique path in this model. To do

this, I add to the interest rate a term that reacts to deviations of 7; from its intended equilibrium path

ip = 1+ 3 (R) o +fyb( ) Yt + b (T — 77)
= i+ ( (R) — L) s + (f;,b (R) — ¢.Tgp) Ugjt + P
Ko Bpghk . . e
here n; = + Y is the intended equilibrium
v i 1+ Re” (1—Bpy+Re) (1+ Re)ytlt 4
T, T,

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 [j; ]  since the system of
equilibrium conditions now becomes

. _ 1 | . _ . _

Y = Y T STk~ o ((fg (R) — @Iy) Yt + (fg,b (R) - @Ig,b) Yyt + ¢7r77t)

T = BT+ KG
~ 1-B¢ ~ 1
Yt 1 1 B Ye+1lt 1 - * — * -

= — o SR S(R) = 6 To) G + (f2, (R) — 6.
[wJ 1+@g[m B4 | | mpay | 1H6nE | £ ((f7 (R) = ¢xTy) Gt + (f74 (R) — 6Lgp) Gye)
A

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

144+ 146452 8
I+, % jE\/(H%:) ~ Az

2

max {eig (A)} = <l ¢, >1

E Proof of Proposition 3

Here, the equilibrium conditions in matrix form are

e I D -
Tt K g‘l‘ﬁ

where the shocks are given by

Zit |
Z2t

it +

~CB
Yevae |
T410t

Qlx Q=

m]zt (35)

s

[ [1]

Tll 0

+ e, e, ~iid N (0, %) with ¥ diagonal
Tor Yoo

Z1t-1
Z2t—-1
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In the perfect information case, a discretionary policymaker solves

: Lo cBy2, € o . ~CB .
it,rﬂiégl,m 3 ((yt )+ Em) subject to (35) where Yii1p and Tyqq); are taken as given

which clearly yields

~CB
Y = €T

Private agents suppose that the interest rate ¢; is
i =F1z14 + Fozoy + Fopzo g

while their information set is {it, zl, zéﬁl}. Again, I reframe the policymaker’s problem as a choice of i#** where

implemented policy is i; = 5" + F2 25 4¢- Then, the same process described in Section 2.3 shows that beliefs are

the following function of i¥** and exogenous lagged variables

Z1t-1 .dis Z1t—1
Zotit — Yrow?2 + K, 1 = FoY,owo
Z2t—-1 Z2t—1
_ Y Z1,t-1 -dis
= (I - KZF2) row 2 ’ + KzZt
2,t—1

Then, conjecturing a linear solution for §¢'” and m; again leads to a linear conjecture for expectations
gCB
AR M1z g1 + Mazoypip = (M1 Y11 + M2 Y1) 214 + MaTo2z9 4
Te1)t

The current outcomes can then be written in terms of exogenous states and i

gtCB [ 1 1 ] = 1 di
= W (MiY11 +MaoYor)z1s + | | Ze+Wzoy — | O |87
Tt i K o + 6 | = p
(1 1] = 714 |
= o (MiY11 +MoYor)zis+ | 0 |z + P (I—K.F2) Yiowo L |8
Kk SHB Er Zi 1 Hy
1 1] 1 H- - 1
where ¥ = L% | MaTy—| 7 | Fyy and =K, - | ¢
R - Hri -

Then, the discretionary policy problem becomes

1
min — ((ythB)Z + EW%) subject to (36)
idis 2 K

which yields the optimality condition

~-CB _ Hfr,i €
R
:"J,'i IQ

I again limit attention to equilibrium solutions where Z’r > 0. Then, substituting this into the inflation equation
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and solving forward for m; gives

T, — Eﬂ',l B
T = /67Tt+1\t — 7 “ETY + Er12Z1 = o | o Tq1 AR
vt 1+ H;.°© 1+ H;.©
Then, the optimality condition gives
_ -1
-CB Hﬂ,i € Sri B T
¢ T R 1o Fan I-———F—Tu| 2z
gi k14 . € 1+ €

This shows that fluctuations in the welfare-relevant outcomes §¢'2 and m; are only caused by z1, and changes

in z2; and zy 4y do not affect these outcomes in equilibrium and so

dgf®  dmy  dgfP  dm

= - = =0
dzg;  dzoy  dzgyy  dzoyy

These expressions also reveal that Mo = 0 and give the equilibrium expression for M since

~CB _Hrie = B -
Y | _ Hy. “";1_ I— 7 L11| Tuziy
Tt 1 1+ H:E 1+ Hze
M,
Then,
Hy. (. - 7
ot = K MoToo — | 7 | Fop | Kz = | 7
Hy ko5 t+B g g
1
1 H,;
= — g (1 + FZ,sz) = S =k
5 Hy,i

and the discretionary policy optimality condition is equivalent to the perfect information case.

F Proof of Proposition 4

I repeat the equilibrium conditions here for convenience

1

Y = Y1t — p (it - 7Tt+1\t) +di — dpap
T = B+ KU
The optimal discretionary interest rate policy under perfect information implements g7 — 4, = —em}? which
yields the solution
ﬂfl — Ui _ —ER 1 7
el k| 1—Bpy+er’
The optimal discretionary interest rate policy under imperfect information implements ; — s = —'R=m; which
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yields the following solution (as shown in the proof of Proposition 2)

Y=o | _ | —Re 1 By (5t —
m k| 1= Bpy + Re \1+Re il

The equilibrium belief error is

(1 —I—Rs)

@ w‘g.w

G — 9t = (Kgfy (R) = 1) €5t + Kyoeas = — €yt —

ZJt) + ﬂt)

1+ Re

(1+Re)? J—Ej+1

which gives

2 o2
(1+Re)? % +1

_ _ 1+R
EtCB |:(ys\s - 5)2:| = (1(+ Re)j)"dai ] for s >t
_ N Re)o

ECB Ysls — Ys) Ys = - ( - d for s > ¢

e L@ ) % (1+Re)? % +1
Thus, in equilibrium
lfl — (gflfgt)2+i(ﬂ'fl)2: E/i(1+€/€) _t2
(]. _/Bpg"‘f_glﬁ})Z
P T e (R% + k) Brg \?
I = (e —u)" + Hﬂt o (1_5p§+73€)2 1+ Re (ytlt yt) + Yt

s= t+1

ECBLPI = ECB S s—(t+1) ~§I_ 7 2+ € (_PI\2 _ ek (1 +ek)
t it t Z B <(y Js) (ms") ) (1 —ﬁpg+€f€)2 =,

€
EfPLiypy = EP Z e+ ((?/ —7s)° +;7T§>
s=t+1

5 (t+1)ECB [ys]

—Bpy Bpy (1 +'R6)2 o?

T+Re (14 Re)? % + 1

Z B~ t+1)ECB [ys]

_ _=(Rletn) Z gs= 1) gOB < (g, ys)ﬂjs)Q
(1—@%‘1‘735) s=t+1 L+Re
_ e (R% + k) i go-(+1) pOB 72 - 1 2(1+4 Re)
(1 —5/7@4"735)2 s=t+1 To1-8 1+7Re
The difference in the expected future welfare loss is then
EOP (L — LF1] — ( e(RP+k)  en(l+er) >
2
(1-Bpy +Re) (1 _pr+5“) s=t+1

_ Bry € (R’ +k) [2(0+Re)—Bpy) o]

L=B(1-Bpy+Re)® (1+Re)? L +1
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To see that the first term is negative, note that Proposition 2 showed that R € [Fo, ﬁ] Then, since
Y

2
e (R% + k) _ ek (1 +ek) for R =k
(1—Bp; + Re) (1—Bpy+¢r)
2 1-Bp,) R —
Whilei a(R5+n) 2:252( 5,0:[,) /ZSO for R € [H,R}
dR (1 - Bpy + Re) (1—Bpg+725) 1= Bpy

This proves that
e (R% + k) < ek (14 ¢ek)

2 = 2
The second term is clearly negative since 2 (1 + Re) — Bp; > 1+ 2Re > 0.

The difference in the current period loss is

K
for R € |:K,, }
1—Bpy

L —iPT = < e (R* + k) _ex(l+er) )2
(1—Bp;+Re)> (1—Bpy+er)’) "
e(R*+k)  Bry < Bry
(1—/3Pg+RE)21+R5 1+ Re

_ _\2 _ N
(e — 5e)” + 2 (G — ) yt)
Again, the first term is negative, but the second term may be positive and larger than the first term.

F.1 Proof of Corollary 2

If T exogenously impose that gy, = s, then this is equivalent to setting

EfP [(%s - @?sﬂ = E7P [(Gys — 9s) Us] =0

which gives

R? 1 =
B (Lo — 171] — ( e (R% + k) - ek (1 +ek) 2) Z o=+ £CB [52]
(1=Bpy+Re)”  (1-Bpy+er)” ) S
K
< 0 ifREe [H, ]
1 — Bpy
If I exogenously impose R = &, then the difference in the expected future welfare loss is then
CB PI erfBpy - o) | PPy em (- ) CB [(+ -
Et [LH—I - Lt—i—l] = 2 Z B liEt |:(ys\s - yS) ] + 2Et [(ys|s - ys) ys]
(1= Bpy+er)” S .

erBpy Brg = ae i )
B (1 — Bp —is,«;)Z 1 —l—zm Zlﬁ o <EtCB [yg\S} o EtCB [?Jﬂ)
] s=t+

erbpy 1 T~ s (t11) (CB [~ 1 OB 2
+21/6Py+551+€l{,s:zt;rlﬁ (B:7 [901s9s) — B 7 [95])
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This is clearly weakly negative if
BCP [3,] < BCP [52] and ECP [gy.0.) < BOP[] for s > ¢
Note that this is equivalent to
Varg™? (yys) < Vary® (ys) and Covf® (g5, 7s) < Vary” (ys)

since EtCB?75|s = BBy, for s >t so that

COUtCB (gs|sa gs) = ECB [gs|sgs] - (Engs)2
VartCB (ys|s) = ECB |:y5|3} - (E‘tCB_s)2
VaTtCB (ys) = ECB [ys] (EtCBgsr)2

Then, another set of equivalent conditions is

COUt (ys\sv yS) <1
\/VartCB (ys) Varg™ (gs)

VCLTtCB (ys|s) < VaTtCB (ys) and COTTtCB (gs\svys) =

since this gives

Covt y5|s,ys \/Var (ys) Vart® (ys\s) < VartCB (ys)

G Proof of Proposition 5

Here, I consider the case where the central bank directly communicates d; to private agents prior to observing ;.
Then, agents infer §; upon observing i;. In equilibrium, since agents know beliefs will be correct with d;; = d;
and gy, = 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 7.

Yet = J}g (igis - fddt)

dye |t 1

Thus, the policymaker’s choice has a marginal impact of Kj; = Ziis = 7, O beliefs.
Denoting this case with superscript ¢, (29) shows that the inflation-output tradeoff is at its steepest possible
value
RY — Kk
1—Bpy

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

account that beliefs are correct in equilibrium
d k(L= Bpy) —d - €k _

mf = g and §f — g = — J
! (1—ﬁpg)2—|—m ' ! ' (1—B,Og)2+€l-it
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Then, the associated welfare loss terms are

2 ¢ 2 €K
R .
t Y — Ut +n T (l—ﬁp@)Z-i-amyt

o 0o

2 . 2 ok
EFPLY,, = EFP E Bs—(t+1) ((gd — gs) + = (H) > — 5 E : go— (1) OB 7]
s—it1 ’ RS (1- 5Pg) +ter S ’

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

of the current shocks.

P - < 6%2 ~ec(l+er) 2)37t2§0
(L=Bpy)" +ex (1= Ppy+er)
FCB <L§l+1 _Liﬂ) _ < 5m2 ekl +er) 2) P%Qf‘i‘ﬁag <0
(1—Bpy)" +ex  (1—Bpy+er) 1-Bp2

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

ER - ek (1+¢ek)

Bp; > 0and ex > 0 = <
v (1—Bpy)° +er ~ (1—Bpy+er)’

On the other hand, when the case of communicating only d; is compared to no additional communication case,

neither case produces unambiguously lower losses for either current period or expected future welfare.

d K R2% + K 9

lt - lt = ) - 5 | €Yt
(1—Bpy)"+ex  (1—PBpy+Re)

R o (o

(1 —Bpg—i—RE)z 1+Re \1+Re

(ﬂﬂt - gt)2 +2 (gt\t —Tt) gt)

1on (Lt+1 - Lt+1> = 5 - 5 | e 5
(1—Bpy)"+ex  (1—Bpy+Re) 1 — Bpy

1 e(R%+x) (2(1+¢<R)— Bpy) Bpgolo?
L= (1-pp,+Re)> (14 Re)’ 02+ 02

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’s always negative, note the following

K R2%e + K K
5 = 5 for R =
(1—Bpy)” +er (1 Bpy + Re) 1 — Bp;
2 —(1-=8p-)R
while i Reetr 5 = —25H ( ﬂpy) 3 <0 for Re [m, n ]
dR (1= Bpy + Re) (1 - Bp; + Re) 1 = Bpy
2
so that HZ < Rietr 2fOI"RE|:I£, R ]
(1 — Bpg) +eK (1 — Bpy + 7?,5) 1 — Bpy
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The second term in ECB (L, | — Lyy1) is positive since 2 (1 + Re) — Bp; > 1+ 2Re > 0. This reflects the loss
of the benefit of decoupling the comovement in agents’ beliefs about the output gap 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 (gm — gt) 7t so this difference stays ambiguous even for a fixed set of parameter values.

The following can be shown for special parameterizations:

e As 02 — 0 while afj stays positive, R — % . 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 05 — 0, private agents’ forecast errors regarding the
output gap target become negligible and their beliefs y;; approach the true g; so the benefit of reducing their

comovement by not directly communicating also disappears.
lim ECPL — EFPLY,
oi—

lim [, — I ifegy =0
o2 20

Here, the benefit of not communicating the true value of §; remains so that

lim Et Bri, < EF Lt+1 and Ulzimo I <11
d—)

oh—

o As a% — 0 while 03 stays positive, R — k . In this case, the inflation-output tradeoff disappears entirely

and the economy approaches one in which the flexible price equilibrium is always efficient and is achievable
regardless of the information setting.

hmOEt BLivi — EFPLY, =FEZPLY ity =0
o5 —
lim I, — =1 ifeg =3 =0

02—0

e If Bp; = 0, then the inflation-output tradeofl is no longer affected by private agents’ beliefs since inflation is
driven purely by current marginal costs. Then, the information setting again becomes irrelevant.
EfPLiy = EFPLY, =E7PLY if Bp; =0
o= I =1" ifBp; =0

H Proof of Proposition 6

Now, I introduce a cost-push shock that private agents have perfect information about (i.e., Z; = {it, ot dt1 gttt })

so that the equilibrium conditions become

N - 1/
S (it — mpae) + de — dyyape

T = BTy + kGt v
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Conjecturing a solution that’s linear in the expanded set of state variables {dt, di|ts Uts Ye|t Ut} results in expectations

ﬂt+1|t - M pa 0O dt\t
T4t 0 py Yet

Beliefs are now formed according to the supposition that

of future outcomes of the form

+ M’Upvvt

it = fade + fg0e + fove + fapdes + g0

and I again define the interest rate policy problem as a choice of a discretionary component of the interest rate
-dis
b

where the final realized nominal rate is

i =i + fapdye + fz00

Beliefs can be derived using the same procedure as Section 2.3 which results in

dyjt Padi—1 Ka | (. ais _
_ = _ + ig" — fapadi—1 — fapg¥t—1 — fovr
[ Yuje ] [ PyYt—1 Ky (t o )

2
faZd i
where Ky = —"— and K; = % as before and are again taken as given constants by the discretionary
figs+13 figs+13
7 7y
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

Ly 9 € o
min g ((yt —Yt)" + ;ﬁ)
S 1K — K f- ds_ 1 -1 d
where | %70 | _ afd afy Pati-1 | t
" —Kyfa 1-Kyfy PyYt—1 k0 Ut
1 1 0 K Hy,
4 - o Mvpu + — Y df“ v 4 Yy Z-ttizs
K - + ﬁ 1 Kgfv Hﬂ,z
v = |15 amlre O || patfa Zla
Kk B4 0 py K(pa+ Lfan) Efgp
Hgﬂ' = o Kd . %
Hﬂ',i - Ky g

Then, clearly, the optimality condition is again

H7r,i

€
gt — Y = —R— ith R =
Yt — Yt K‘,ﬂ-t W1 HQ,Z'

Substituting this into the equilibrium conditions and solving again for the endogenous variables as I did in the
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proof of Proposition 2 gives

Ty = ,37Tt+1|t—R€7Tt+l€§t+vt
K _ K ﬁpg _ 1
= + + v
1+Rsyt 1+R81—5pg+7€€yt|t 1—Bp, +Re !
N 1 Re Bpy i} R
= — _
TR TR gy B2 1 Gp, R
and 5
~ 1-Bpy Ry
[ Yet1)t ] _ 0 1-Bp, +Re [ pa O ] [ dt|t 4 T 1-Bp,+Re ] 0,0t
_ 1 v
T4t 0 1—,3p2+7za 0 py Yt 1—Bp,+Re
M M,

Then, this implies that the interest rate can be written in terms of { di, dyjes s Yyt vt}

it = U(dt—dt+1|t)+7Tt+1\t+a(gt+1\t_gt)

1 1 1 Lo, +RE(1—p,)
= d - d —0— + I y + ol = . %
U( t— Pd t\t) 01 _|_’R5yt J(l—i—'RS le—ﬁpy"i‘Rg)ytt ’ 1 —Bp, +Re t

" ~~
Tt

f5(R) * (R) f:(R)

y,b

It’s clear that the equilibrium conditions between {M, Ky, [ 5 by 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’s linear in state variables {d, g, v;} results in
expectations of future outcomes of the form

~PI
7Tt+1 [t 0 Py Yt

Then, the output gap deviation and inflation written in terms of exogenous variables along with the interest rate

(e[ DI e )22

Thus, the discretionary policy problem is equivalent to minimizing the current period loss subject to this condition.

+ Mvpvvt

M. p, +

Qlx Q=

Then the perfect information discretionary policy optimality condition and equilibrium conditions (including the
interest rate behavior) are again the same as the imperfect information case with x in place of R.

I Overreaction to the additional cost-push shock

This section shows that when a separate cost-push shock is added to the model, the optimal interest rate under
discretion no longer corresponds to the optimal commitment to a forward-looking rule in the limit where the
interest rate has its largest effect on gj;.

In the limit where Z—é — 0, it’s still the case that R — ﬁ since Ky — —%. However, this is not
g g
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equivalent to commitment to a rule of the form
it =1y + [0+ fypUye + fove

The belief y;; in the limit where j—é — 0 is again given by

Y = Yt + 72
\ fy

Following the same steps given in Section B to obtain a solution under a given linear interest rate rule provides

me with the solution

[@t—yt] [ () 1] [ twa-sern (5B ]
Tt B - (fg =+ f;b) Yt RQQPQ ( — Bpg 4 b £ + 5) (1 + f]%b) + /{f;i%b d,t
2P —2fs (1 Bp,) '
+ (1= pi)_(p f’i”}-_fpv v
| T Bp,)— 0,

Then, the optimality conditions for f; and fg , are the same as in the proof of Proposition 2

0 = ESB Z B (g — ) (1 Bpy) + ) [—1% + (; ; Gd,t]
y

t:to
i 1 1
and 0 = BP0 (5 —5) (1 - Bpy) +emr) [—U?Jt - fced,t}
Yy

t:to

The new optimality condition for fS is

t:to

Now, it’s clear that there’s no single optimal ratio between g, — 7 and 7 that could satisfy all of these.
Using the equilibrium solutions for ¢: — ¢ and m; and evaluating expectations from an ex-ante unconditional
perspective gives the following set of equations that satisfy all three optimality conditions and determine the

optimal policy rule coefficients
1 * * oY * *
0 = <0_Qy (1 Bpy) ( g+ fg,’zf) + 1) (1= Bpg) +e—-0 < g+ fg,’zf)

0 = (s ) (10 ) (s (1 5 ) (1 8 )
Yy

Y Y Y
%pv_%:ﬁ(l_ﬁpv) +e 1_pU_g'
(1 - pv) (1 - ﬁpv) - gpv (1 - pv) (1 - pr) - gf%

0 =
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The resulting solutions are

1
jutls = —O0g—
fy 1+ 1f§pg
o () (=) i
e %pv + 172’/}“ (1 - pv)
v 1_ﬁp’U+ lfgpv
Then, it’s clear that
1 3
*7C:f*< - >;éf*< . >: Epv—i_l_ﬁpg(l_pv)
v T\ 8p,) T\ 5, 1= Bp, + 155,
and
K K
i - () < () W
! “\1-Bp, Y \1 - Bpy v

since f3' (R)

J Proof of Proposition 7

€ (1 - pr) (1 - pv) - gpv
o—

>0 when p, €[0,p
k [1 - ﬁp'u + RE]Z [ )

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
dy
Yt

it

padi—1 + €dt, €q~ N (0, 03)
pyli-1+ €gt, g~ N (0,07)
fade + fgye + fapdes + o0

The circularity of the signal can again be resolved by conjecturing a belief structure and then writing the

urp __

problem in expectational errors defined as z;"'"" = z; — Ty¢—1- The conjecture I use is
d [ dy, Ki |, , ,
_t‘t _t‘t ! + S (H - fddt|t71 - fd,bdt|t - fﬂyt|t71 - fg,b?/t\t)
Yt | Yilt—1 ]
[ dy, K, d dyjy
= _t‘t U I (fa [yl _t — _t|t ! in equilibrium
| Y1 Ky Ut Ut|t—1
dyjy o0 0 | [ dioye
where _t\t 1 _ Pd _t 1)t—1
Ytlt—1 | 0 Py Ye—1]t—1
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Thus, the expectational errors can be written in state-space form as

a1 [ea 0
g 0

i = <1 +ded,b+Kgfg,b> [fa [g] [ il ]

1 — Kafs —Kafa di™
Y

—f(gfd _K:Ljfd SEeTrT

—SErT
Yt

In this case, the steady-state Kalman filter gives

de'f"f’ 67’7'_ ~ sur sur ~ N R deT’T
[yz::] = yz‘: + K (i =i ) = K (1+ Kafao + Ky fys) [fa fg][yzml
-1
where K = P ;Z] <<1+ded,b+f(yfy,b>[fd f@}ﬁ ;;])
~1
= | pa O L 1| fa 15| |ra O o5 0
Sl el ) Lenbe) 1503

This fulfills our original conjecture with

Kq
Ky

=P

| (1 017

and the property that fd.f(d + fgf(@ = 1 is maintained.
Then, I again define the interest rate as i; = i + Japdys + f5pYse so that beliefs as a function of past beliefs

and " are

dye | | 1-Kafs —Kafy diji—1 . Kq sdis (37a)
_ = 5 5 _ A t
Yet —Kyfa 1-Kyfy Ye|t—1 Ky
dt+1\t _ pa 0 dt|t (37b)
Yet1|t 0 py Yt

Then, I follow the same steps as the proof of Proposition 2 and use the linear form of expectations

Yt+1)t M| P 0 dy)t
Tl 0 Py yt|t

to write [ — 7 ] as a linear function of prior beliefs, exogenous states, and 7

i — U 1-K —Kafy s 1 —11|d Hyi | i
Yt — Yt - W k afd Elfy 7t\t 1 + 71‘/ + s Z'fw (38)
Tt —Kyfa 1-Kyfy Ugjt—1 k0 Ut Hy
1 1 1r
where ¥ = 1 L M| Pd 01 _ Pat Ulfd’b ny’b
KO£+ 0 py K (pa+ 5fap) Efg
Hy, K 1
and | | = w| 4| @ (39)
H,, Ky 5
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Now, the discretionary policymaker’s problem can be written as the following Bellman recursion where his
choice today now has an effect on the expected future welfare loss since today’s beliefs become the prior for period
t + 1 beliefs

_ _ 1/, _ _
V (de, 5, dyge—1, Geje—1) = min { <(yt — )% + Wt) + BEFP (dt+17yt+1adt+1|t7yt+1|t)}

yt,ﬂ'tﬂtl ydit1)e,Ye+1)t 2

subject to (37) and (38)

Then, the FOC and EC combine to give the optimality condition

Hy;e B (dﬂtﬂ 5 dgiv1 2 > CB i~ _
Yt — Yt + T = palla + ———py Ky | By [Ut41 — U1
Hy;k Hy; \ddyiqp' dgerap 0 Y) et +1l
B (dﬂtﬂ . dmiyq >
— aKa + Py Ky ) —EfBrmi
Hg; ddt+1\t dgpre U b

Matching coefficients gives the same equilibrium value for M as a function of the interest rate coefficients as
the case derived in Appendix B where agents could see lagged beliefs.
Then, to see if an interest rate of the form

it =1y + fg¥e + f00
can satisfy this optimality condition, I use these supposed policy coefficients which gives

Mo | O % (1= Bry) (Fy+ fr0)
0 55 (fy + fy)

and an equilibrium where 3; — 4; and 7, are linear in {gjt, gﬂt}

Ge—Te | _ |0 gy (L= By +5) Q (fy+ fe) + 5o i + — 1y 7
T 0 5oy (1=Bpy+5+8)Qy (f5+ fyn) + 5 fap ol
[ | e B ) Y Uyt S Sl |
Hy i Bpg (1= Bpy + 5+ 8) Q (fy + fzp) + 5 fyb -
Then, this gives
dysy1 2 dysy1 2 011 <dyt+1t+1 T P RS )
Kd+ — —K* = — Kd+_7p‘K7
ddt+1\t ¢ dyt+1|t vy 8yt+1|t+1 ddt+1|t ¢ dyt+1|t Y
oyt ~
= 877 KyKafa(py — pa)

and similarly for 7;y;. This means the policymaker’s optimality condition simplifies to

omy €
E B i1 — Gra] + altEtCBﬂ't—‘rl}
Yt K

gt_gt"i‘ H?T’Lg /Bf(gf(d (pgj_pd)a [3%

"=
Hyik Hy; O '

)

Then, the LHS of this condition is a function of {gt, gjt|t} and that the term inside the expectations on the RHS
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is a function of {gth, gt+1lt+1}~ However, this means that the expectation itself is a function of {dt — dyt, Ut, gjt|t}

since

Yt+1t+1 = Py¥ept + Ky (fades1 + fghesr — fapadee — Fzpgine)
= EtCB??t+1\t+1 = Pyl + Ky (fde (dt - dt|t) + fapy (??t - 37t|t))

Thus, the optimality condition cannot be satisfied under the premise that it = i + fz: + f57;; for general

parameter values.

J.1 Proof of Corollary 3

Recall that the policymaker’s optimality condition is

. _ omy €
E7P (41 — Gr] + yft*EtCBTrt-&-l
Ytit K

Hy;e _BKﬂKd (pg — pa) fa [ O

—Tt = —
Hyik Hy; Oyt

Ut — Ut +

In the special case where Kgf(d (pg — pd) = 0, the new terms introduced to the optimality condition drop out
and it collapses to the same condition as before.

Ut — Yt = —

Substituting this into the equilibrium conditions shows that the interest rate rule features the same responses to
{dt, dy|ts yt,gt‘t} as in the case where agents could see lagged fundamentals. The condition IA(QIA(d (,og — pd) =0
captures the case where the current policy choice no longer affects future outcomes since it no longer affects the
future belief §;;1);41. This can be broken down into the following subcases:

1. Kg =0 (& K, = i) In this case, equilibrium beliefs are given by

Yt = PyYt—1ft—1
L /o _
dt|t = E (Zfzs - fgﬂgyt—1|t—1>

Then, the interest rate only affects the current belief d;; and not future beliefs.

2. Kg=0 (& Kg = fi) In this case, equilibrium beliefs are given by

dt\t = Pddt—l\t—l
1

Yo = 7 (ifis - fdpddt—l\t—l)
y

Again, the interest rate only affects the current belief g, and not future beliefs.
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3. pg = py = p: Note that it’s always possible to write beliefs as a distributed lag of interest rate news

d Padi—1|t— Ka | (0 y
e | ==L (Zf”—fddﬂt—l—fﬂytlt—l)
Yt PyYt-1jt—1 Ky
o0
d _ R Z Zdzs _Zdls
t|t d pd t—7 t— ]‘t Jj—1
j=0
o
_ 3 d di
Yge = K‘Zp% (thj pUsTE 1>
j=0

When the autocorrelations are equal, the interest rate itself becomes AR(1) with an innovation that is the

composite of the two underlying shocks

i8S = fadpir + faOeer = pids + fa€ar + fyege

Then, beliefs collapse to a function of just today’s interest rate in equilibrium.
o0
dyy = Kde] (szj — pszj 1) K gis
j=0

oo

— _ 2% E: j [ :dis -dis dis

yt|t - Kﬂ pj (Zt -7 — Pl —7— 1) KZ
Jj=0

In the special case where p; = 0, equilibrium beliefs are given by

Yrrjt41 = Py + Ky (faderr + faberr — fapgue)
= EtCBgt-‘r1|t+1 = pyie + Ky fary (G — Gue)

and the RHS is now only a function of g and g;,. Then, it’s verified that the optimality condition holds with
fa =0, fap = —opy. 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 LHS to zero.

K Optimal policy under time-varying uncertainty

This section looks at optimal discretionary policy when uncertainty in the exogenous states is time-varying

di = pgdi—1+e€qr, €44~ N (O, og,t,l) and is serially uncorrelated
U = pyhi—1+ege, €gr~N (0, U§7t_l) and is serially uncorrelated
Private agents’ information sets are Z; = { ittt gttt (Jz)t, (ag)t,ft} where f; denotes the vector of time

t interest rate responses to the state variables {dt, dt|t, Ut gjﬂt}.
Beliefs can be derived in the same way as in Section 2.3. The only difference now is that the belief coefficients
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contain time-varying policy coefficients.

fdtg§7t71 f

) o'% _ g.t

Kgp=——"=— and Kyj1=——"——
f2 Td,t—1 +f2 f2 Odt—1 +f2
dto?, , T Iyt dtoz,_, T Iyt

Then, if I specify implemented policy as

. -dis —
it =14y + fapedee + fg.0.400

Beliefs are again linear in 4§%*

d 1-K —Kgifo
[ i ] _ [ dtfdt ] pads 1+ at Syt

1 - Kyifye

] Py¥t—1 +

—Kyifar

Longer horizon forecasts will continue to be d;p;; = pgdt‘t and Yy ypp = p;}gjt‘t.
I then posit that equilibrium expectations are linear in these beliefs with time-varying coefficients

Ut+1t _ M, | 0 di|¢
Ti+1t 0 py Yt

Then, gy — ¥ and 7 can again be written in terms of exogenous states and ¢

Ut — Ut - 1—-Kaifar —Kaifye Padi—1 1 -1 dy Hyit | .ais
- lI’t _ + _ + Zt
Ty —Kyifar 1—Kyifye PyYt—1 k0 Ut Hyit

dis
t

1 1 0 1 1r
where ¥; = i M, Pd _ Pa+ olfd,b,t gfy,b,t
koo +p 0 py K (pg+ 2fape)  Efgbe
Hy K 1
and y’lat = q’t d _ Z
Hﬂ,i,t K:U o

In this form, it’s again true that the discretionary policymaker has no control over time ¢+ 1 or later outcomes

and the problem simplifies to

1 €
min — ((gt — gjt)Q + —ﬂ?) subject to the preceding equation
K

idis 2
Thus, the FOC is analogous to the constant variances case but with a time-varying R,

~ _ 9 ,1,t
Uyt — Yy = —Ry—m¢, where Ry = ——=
K Hgyiy

Using this FOC and the structural equations to back out the optimal equilibrium 4;, gives
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T = ﬁﬂt+1|t—Rt€Wt+H§t

K _ "‘?6,0;7 [ 1 5Pg 1
= + E + vz
1+ Rte’fyt 14+ RtE L 1+ Rt+1€ (1 + Rt+18) (1 + RH_QS) t_ yt‘t
~ _ g
U = G — Rie—m
K
1 ReBpy [ 1 By 1
= Yt — “E + . + | Ze| Yy
14+ Re 14+ Re |1+ Rit1€ (1 + Rt+1€) (1 + Rt+2€) ]

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

1 N Bpy
14+ Rip1e (14+Rypi1e) (1 + Reqoe
1 By
0 = {1—F|Riie + 4 + ... )|, y
s { [ o <1+Rt+le (14 Ri16) (1 + Riyoe) )‘ H”’

By taking %, out of the expectations, 'm assuming (and later show) that R; will be a function of current and

7Tt+1|t = HE |: ) +

It:| Pyt

past relative variances which are not informative about future levels of the output gap target.
Then, this implies that the interest rate can be written in terms of {dt, dy\t, Y, gjt‘t}

it = 1+ T+ (Gerre — Ot
1
— ods — opydyy — 0———7
Oat — OPq0¢¢ 01+Rtsyt
K 'Rt&‘ﬁ 1 ﬁpg > :| _
+oE |14+ = —Rep1e + + + ) 2| ps
[ <U i 1+Rt€> <1+Rt+15 (14 Rey1e) (14 Rey2e) Tt Pyt

*
7,b,t

In addition, the above expressions for m; s, Js+1) gives an expression for the equilibrium M,

1 Bry
0 1-F |:Rt+1€ (1+Rt+15 + (14+Rt4+18)(14+Re426) + ) ‘ Zt}

1 Bpy
0 kE |:1+Rt+1€ =+ (I+Ris18)(1+R 1 26) + ‘ It}

M, =

Using this in the expression for [Hj,;; Hy ;] and combining this with the expressions for f7 b and Ky gives

a non-linear stochastic difference equation implicitly relating R; to future {Ry iy} k>1 Where the driving variable
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2
. . . (o
is the relative variance level 70_5” L

git—1

Rt _ Zﬂ,i,t
g7i7t
Hg it _ 1 1 M, pa 0 | |0 %f;‘,b,t Kag | 5
Hr it kK ~+0 0 py 0 Cfioe Ky -

¥ K Riep 1 By
h - = oF|1 -4+ —F-R )| pg
where f7,, o + <a + 5 t+16> <1 Ry + (05 Ryxe) (1 + Rerad) + Zi | py

1 Bpy
0 1-F |:RH_1€ <1+Rt+1€ + (14Ri+1)(14+R iy 26) + ) ‘ It]

1 Bpy
T+Rit1e + (1+Ri116) 1+ R 12€) + | Lt

1 1—|—Rt€
K@_/,t - _; 2051
(1+Ree)” = +1

g.t—1

M; =

2
If the relative variance Z;“ is Markov, then it may be possible to show that the key variable R; should depend

Yt

2
T,

2
95.t

0541
only on —#*+=
Og,t—1

and

. Likewise, fg »+ would also have this property.

L Empirical relationship from structural model

In this section, I show that giving private agents an additional signal about 7; and using a special parameterization
where pg = py = 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 allows a VAR(1) representation of the
structural model (derivations available upon request). I continue to assume that p € [0, p) as in Assumption 1 and

that there’s a given interest rate rule

it = fade + fapdye + fgUe + Fg.000¢

where I use Assumption 2 and additionally assume that fg > 0, fg + fap > 0.
Recall that Appendix B showed that the equilibrium solutions for the output gap and inflation under an interest

rate of this form are

gr | _ —1Q1-8p) (fa+ fap—0o(1—p)) — (1= Lf) p
—2Q(fa+ fap—o(1—p) — k(1 -2 f4) e
n —2Q(1=Bp) (fg + fap) + 515 1—2fs  —2f5 || di
=5 (fg+ fa) + 5 f3 k(L—=2f1) —%fy Yt
1
(1=p)(1=Bp)—%p

Tt

(T

where Q; = (Qj =

Imagine now that agents receive another signal which is
st =7+ €t = Lady + Ugye + Dapdyy + Uy pYpe + €sty €50 ~ N (0, UE,H)

where the ['’s are the coefficients in the solution for 7;. Then, the private agents’ belief formation problem can be
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written in state-space form as
dy di—1
_ = p| _
Yi Yt—1

w | _ | Ja Sy dy n fap  fop dy)t
5¢ ry I'y Ut Lap Typ i

Again, I conjecture a form of beliefs and write the system in innovations as in Section 2.3 to deal with the circularity

_l’_

2
€d,t €d,t | og,_ 0
, ~ N (O, 2d7g7t_1) where Ed,g,t—l = d¢—1 9
€gt €gt 0 1

0
1

+ €s.t

issue of both 4; and s;; being a function of the beliefs. The conjecture is

C{t|t _ Cft—l vk (| fa fy p Cft—l | Jap S (zt|t
Y|t | Yt—1 | Sjt Iy Fg Yt—1 Fd,b Fg,b Yet

r 1 €d,t

de— ; 0 ’

= 7t 1 + K, fd fy .y
Yt—1 ry I'y 0

- . €s,t

Then, writing the system in expectational errors defined as z{"" = xy — E [z4|Z; \ {ir,55¢}] yields
dg'l"?" . 6d7t
.SUTp
bt
[ i ] (I '

fap  fop K, fa [y ag
Fap Typ Iq Ty ug"

Then, beliefs are

/
derr derr f T f f = i P
t|t - E t |It \ {it, s ‘t} ’isurp, $SUP | — S d d I+ d,b 7,b K, -1 t
Ui g e v fi Ty Lap Typ RS
7 7 r 0 0 -
where £, = (14| 1% 70 g, ANECIN B>V I LR 2 [ | dv T g
Fap Tgp La Ty 7 Ly 0 051 Lap Typ

and

w) o]
Y|t Yt—1 yt|t

This matches the conjecture above with

4 1
K, = K:i,t Kae | _ S, fa Ta fa fy 0 0
Kye Kgy Yty Ty g Iy fo Ty 0 02,4
(% ygagzj,t—l + fdag,t—l) U?l,tfl “fggf’?i,tqaétq
(”2 (1 - %fd) Ug,tfl + U?,t—l) f170327,t—1 _Hfﬂfdagl,tflo-%,t—l

_ since [ Iy Ty } = [ H(l— %fd) —5 /7 ]
(fga?i,t—l + fﬂQU%,t—l) o2+ K2f§203,t—10127,t—1

Yagit +
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Then, using the fact that f; < 0 < fg4, I obtain the following properties for fixed interest rate rule coefficients
Ké,t <0< Kcil,w Ké,thg,m decil,t + fﬂK%,t =1, faKg;+ nyS,t =0

Then, I can write forecast revisions and the lagged nowcast error as the following

KR [ T dt—l d,_ 1
T — Type—1 = —=Q| fa+fap—0(d—p) fo+fogp |P i — ,t e
o t - Yt—1 Ye—1]t—1
€d,t
KT 1 fa fz O ’
— Q| fatfap—o(l—p) fy"’fy,b_Kt[F r@i 0] €yt
a Y €st
K [ 1 d h d hlt—1
Tiphlt — Tithii—1 = ——S| fa+tfap—o(—p) fz+ fyn o - B K
o t - Yt+ht Yt+n|t—1
= Ph (ﬂ't\t - 7Tt|t71)
di—1 dy_q114—
mrs = [w0-t0 2] ([22] <[]
where
d d | I3 €dt—1
| S = B [ K (L= L)) (K - 5K fy— 1 Kge || enin
Yt-1 Yp—1jt—1 -1
N €s,t—1
€d, | -1r .
fa fz O o fap S i P
th = I + Kt .
Pd Pg 0 ’ Fd,b ng,b St P
€st |

This allows me to write forecast revisions as linear in the lagged nowcast error, the interest rate surprise, and
other inflation news.

1 fo+ fy
Tt — Ttjt—1 = —;PQ [fd + fap—o(1—p)— fdy_y’b] (7th1 — 7Tt—1|t—1)

[y
1
fap  fyp K i P
t surp
Pap Tgp S

(fg + fg,b)} (7Tt—1 — 7Tt71|t71) + €st

—§Q|:fd+fd,b_o'(1_p) fﬂ+f§,b:|Kt <I+

where /L-furp = it —F [Zt|It \ {’I;t78t}]

_Ja
[y

surp

1
Sy = 7Tt_7Tt|t71+ng [fd‘i‘fd,b—a(l—ﬂ)

Further algebraic manipulation yields a relationship of the same form given by the above empirical model

Toent — Teanp—1 = P'K{ (i — Eig|Te \ {igse}]) + p" K7 (w0 — mye_1)
+p" T KNE (1 - K7) (me—1 — 7Tt—1|t—1) + " Kfesy
1
where KNP = —2Q [fd + fap—o(1—p)— ;d (fg + f@b)} does not depend on variances
g v
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When I additionally assume that fg < o and fq+ fap < o (1 — p), this is sufficient (but not always necessary) to
obtain the following properties:

1. K} may be positive, K >0, KN¥ >0

2
7 . 2 Ud,t—l 1 . 2 . . 2
2. Ky increases with o3, ; for = large enough, Ky decreases with o3, ; and increases with o3, ;

g, t—1

s : 2 s 3 : 2 2
3. K7 decreases with o, |, K} increases with o3, ; and oy, 4

M Empirical robustness checks

Table 7: Baseline effect of federal funds rate surprises on inflation forecasts controlling for news about real
output growth

Dependent variable: 7,

h = 0 1 2 3
T LO43FFF 0.976%  0.977FFF 1,024%F
(0.05) (0.05) (0.03) (0.03)
i — T 0.274 0.141 0.231* 0.144
(0.19) (0.15) (0.13) (0.11)
m—mpo 0.100%%  0.016 0.027 0.036
(0.04) (0.02) (0.02) (0.02)
Ty — e 0.218FFF QIB0FRE 0.074FFF  0,102%%*
(0.06) (0.04) (0.03) (0.03)
v — Tt 0.004 0.004 0.01 0.013
(0.02) (0.01) (0.01) (0.01)
Vi1 — oo 0.029 0.01 0.006 0.003
(0.03) (0.02) (0.01) (0.01)
Constant —0.094  —0.001 0.024  —0.096
(0.13) (0.11) (0.07) (0.07)
Adjusted B2 0.885 0.927 0.952 0.949
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 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: 7,1

h= 0 1 2 3
Tonion  L042%FF% 09710k 0. 97IRx 1,007
(0.06) (0.06) (0.04) (0.04)
i — Gy X Stdf_; low —0.155 0.011 0.059 0.259
(0.33) (0.29) (0.18) (0.18)
i — G X Stdf_, high  1.171%* 0.743%* 0.735%**  —0.035
(0.44) (0.29) (0.23) (0.26)
Ty — i1 X Stdf_; low  0.047 —0.039 —0.008 0.039
(0.09) (0.06) (0.04) (0.05)
T — Tio1 X Stdi_; high  0.186**  —0.005 0.035 —0.07
(0.08) (0.06) (0.06) (0.05)
Te1 — Ta1 X Stdi_y low  0.272%%F  0.207%%*  0.098*%*  0.109**
(0.08) (0.06) (0.04) (0.05)
Ti_1 — Ti1_1 X Stdi_, high  0.112 0.082 0.086 0.170**
(0.09) (0.06) (0.07) (0.08)
Y — Y1 X Stdi_; low  0.271%%  0.109 0.099* 0.01
(0.11) (0.07) (0.05) (0.07)
Yr — Y1 X Stdy_; high —0.008 0.023 0.024* 0.017
(0.03) (0.03) (0.01) (0.02)
Yio1 — Yimp—1 X Stdi_; low  0.02 —0.052* 0.004 —0.014
(0.04) (0.03) (0.02) (0.02)
Yi—1 — a1 X Stdy_; high  0.088 0.01 —0.006 —0.005
(0.06) (0.04) (0.03) (0.03)
Std7 |, high —0.014 —0.021 0.01 —0.025
(0.04) (0.03) (0.02) (0.02)
Constant —0.211 —0.004 0.019 —0.045
(0.17) (0.15) (0.10) (0.11)
Adjusted R>  0.89 0.933 0.962 0.951
N 59 59 59 59
F-test of difference in 4, — 47,1 coefficient  0.021 0.043 0.015 0.35

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: 7,17

h= 0 1 2 3
Tonp—1  LO3TFF*  0.967FF*  0.967F%F  1.016%**
(0.05) (0.05) (0.03) (0.03)
iy —ige—1  0.251 0.082 0.134 0.141
(0.21) (0.16) (0.13) (0.12)
T — o1 0.094%F  0.006 0.009 0.026
(0.04) (0.03) (0.02) (0.02)
Tio1 — W1 0.202%FF  0.148%FF  0.075%F%  (.101%F*
(0.06) (0.04) (0.02) (0.03)
Uy — Uy —0.076 —0.089 —0.108 —0.075
(0.24) (0.14) (0.08) (0.10)
Up-1 — Up—1p—1 —0.196 —0.147 —0.289*  —0.026
(0.33) (0.20) (0.15) (0.18)
Constant —0.066 0.011 0.031 —0.082
(0.11) (0.10) (0.06) (0.07)
Adjusted R 0.884 0.929 0.957 0.948
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: 7,1

h= 0 1 2 3
T LOB5™**  0.976%%F  0.964%**  1.006***

(0.06) (0.07) (0.04) (0.04)
i — Gy X Stdf_; low —0.063 —0.012 0.006 0.234

(0.32) (0.29) (0.17) (0.16)
i — i1 X Stdf_, high — 1.414%%%  0.567* 0.373*  —0.157
(0.44) (0.32) (0.21) (0.25)
Ty — Tt X Stdf_; low  0.06 —0.059 —0.029 0.027
(0.07) (0.04) (0.04) (0.05)

T — Tio1 X Stdi_; high  0.198** 0.032 —0.002 —0.06
(0.08) (0.05) (0.06) (0.05)

Te1 — Tia1 X Stdi_y low  0.234%%F  0.194%%*  0,095%F*  (.108**
(0.06) (0.04) (0.03) (0.04)
Te1 — Ti1—1 X Stdf_, high  0.076 0.08 0.073 0.166**

(0.08) (0.06) (0.06) (0.07)
Uy — U x Std7_; low  —0.711%%%  —0.462%%* —0.290**  —0.164
(0.26) (0.16) (0.13) (0.19)

Uy — Uy x Std7_, high  0.653%**  0.257 —0.007 0.183
(0.19) (0.21) (0.10) (0.16)

U1 — Up—ajp—1 X Std7_; low  0.432 0.401 0.143 0.07
(0.82) (0.63) (0.42) (0.49)

U1 — Up—1p—1 % Std7_; high —0.682%  —0.561*%  —0.519*** —0.387
(0.37) (0.25) (0.18) (0.23)

Std7 | high  0.274%*  0.111* 0.089%* 0.011

(0.10) (0.06) (0.04) (0.07)

Constant —0.252* —0.036 0.01 —0.06

(0.14) (0.14) (0.09) (0.11)

Adjusted R>  0.909 0.939 0.968 0.952

N 59 59 59 59

F-test of difference in 4 — dgj—1 coefficient  0.005 0.061 0.094 0.179

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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