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Monetary Policy with Opinionated Markets'

By RICARDO J. CABALLERO AND ALP SIMSEK’

We build a model in which the Fed and the market disagree about
future aggregate demand. The market anticipates monetary policy
“mistakes,” which affect current demand and induce the Fed to
partially accommodate the market’s view. The Fed expects to imple-
ment its view gradually. Announcements that reveal an unexpected
change in the Fed’s belief provide a microfoundation for monetary
policy shocks. Tantrum shocks arise when the market misinterprets
the Fed’s belief and overreacts to its announcement. Uncertainty
about tantrums motivates further gradualism and communica-
tion. Finally, disagreements affect the market’s expected infla-
tion and induce a policy trade-off similar to “cost-push” shocks.
(JEL D83, E12, E31, E43, E44, E52, E58)

The Federal Reserve (Fed) and the financial markets often disagree about future
interest rates. documents this observation by plotting the evolution of the Fed
funds rate (FFR) over time (thin black line), along with predicted paths. The dotted
lines plot the Fed’s predictions—either the Fed staft’s assumption for the Greenbook
(the left panel) or the Federal Open Market Committee (FOMC) members’ median
dot forecast (the right panel). The solid lines plot the forward interest rates that reflect
the financial market’s predictions. Each color-matched pair of lines plots data from the
same FOMC meeting." Similar disagreements are observed in other countries where
central banks publish their expected interest rate paths, e.g., Sweden, Norway, and
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!'The forward interest rates in Figure 1 embed a risk premium. However, the estimates of this risk premium are
small relative to the observed disagreements; see, e.g., Diercks et al. (2019). Moreover, as we show in Section I, the
disagreement patterns remain when we measure the market’s predictions using survey data. There is also a more
subtle issue on whether the dot forecasts (on the right panel) represent the FOMC’s predictions or its wishes. On
this, we note that to the extent that these “wishes” are linked to the FOMC'’s view of the state of the economy, their
comparison with the market’s predictions is still useful for gauging disagreements between the Fed and the market.

2353



2354 THE AMERICAN ECONOMIC REVIEW JULY 2022

== Greenbook FFR assumptions for meeting on 03/19/2002 ==m==u= \edian dot curve on 03/20/2013

==u==n= Greenbook FFR assumptions for meeting on 11/10/2004 ==mmmnn \edian dot curve on 03/16/2016

6 | ======= Greenbook FFR assumptions for meeting on 12/11/2007 6| | ======= Median dot curve on 06/19/2019
==m==u= Greenbook FFR assumptions for meeting on 01/26/2011 s [-orward curves, color matched

Effective FFR

4 4
2 2
0- 0-
T T T T T T T
2002:3 2004:11 2007:12 2011:1 2013:3 2016:3 2019:6

FIGURE 1. FED-MARKET DISAGREEMENTS ABOUT FUTURE INTEREST RATES

Notes: Dotted lines: the Fed prediction for Fed funds rates (FFR) for select FOMC meetings—from either the
Greenbook assumptions (the left panel) or the FOMC dots (the right panel). Solid lines: the forward FFRs for the
same meetings. Thin black line: the FFR. See online Appendix D.1 for the data details and sources.

New Zealand—see Ubide (2015); Couture (2021). Empirical evidence suggests
these disagreements are at least partly driven by different opinions about future
economic activity (see Section I). There is also plenty of anecdotal evidence that
market participants often have their own opinions and disagree with the Fed about
appropriate interest rate policy.? These opinionated disagreements are a source of
concern for the Fed, as they suggest that the market might perceive the Fed’s policy
decisions as “mistakes.”

In this paper we build a model in which the Fed and the market have opinion-
ated disagreements about future aggregate demand. We obtain several positive and
normative results: First, we show that these types of disagreements can explain the
differences in interest rate predictions between the Fed and the market depicted in
Figure 1. Second, we find that the Fed’s optimal interest rate policy partially reflects
the market’s view. The Fed expects to implement its view gradually: it waits for the
data to change the market’s belief toward the Fed’s belief before fully implementing

2To illustrate how opinionated the market can be, consider the FOMC meeting in December 2007—the run-up
to the financial crisis—in which the Fed cut interest rates by 25 basis points. The market was expecting a larger
interest rate cut, so this was a “hawkish” policy surprise that led to a decline in stock prices. According to media
coverage, some market participants were quite pessimistic that deteriorating financial conditions would adversely
affect the economy, and they thought the Fed did not realize the scope of the problem. The day after the FOMC
meeting the Wall Street Journal wrote: “Some on Wall Street yesterday criticized the Fed’s actions so far as inad-
equate. ‘From talking to clients and traders, there is in their view no question the Fed has fallen way behind
the curve,” said David Greenlaw, economist at Morgan Stanley. ‘There’s a growing sense the Fed doesn’t get it.
Markets believe a weakening economy will force the Fed to cut rates even more than they expected before yester-
day, Mr. Greenlaw said.” See, Ip, Greg. 2007. “Fed Sifts Options as Rate Cut Fails to Cheer Market.” Wall Street
Journal https://www.wsj.com/articles/SB119739876442121375 (accessed May 23, 2022).
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its view. Third, we provide a microfoundation for monetary policy shocks: Policy
announcements that reveal a surprise change in the Fed’s belief affect financial
markets like textbook policy shocks, even though they are optimal under the Fed’s
belief. Fourth, we show that more damaging tantrum shocks arise when the market
misinterprets the Fed’s belief and overreacts to its announcement. Uncertainty about
tantrums justifies (prudential) gradualism and communication policies. Finally, we
show that disagreements affect the market’s expected inflation and induce a policy
trade-off similar to “cost-push” shocks.

Our model is a variant of the canonical New Keynesian model (e.g., Clarida, Gali,
and Gertler 1999; Gali 2015). Nominal prices are fully sticky in our baseline setup
(and partially sticky in an extension). There is a representative household (the market)
that makes consumption-saving and labor supply decisions. The Fed sets the risk-free
interest rate in an attempt to insulate the economy from aggregate demand shocks
(shocks that affect spending without changing current potential output). Due to pol-
icy lags, the Fed cannot fully stabilize the output gap (output relative to potential).
Instead, the Fed targets a zero output gap “on average” according to the Fed’s belief.

The central insight of our paper is that the market considers the Fed’s interest rate
decisions that do not match the market’s belief to be “mistakes” (we use quotes to
remind the reader that these are mistakes under the market’s belief, not under the
Fed’s belief or the objective belief). To capture this insight, we assume the market
and the Fed can have opinionated belief disagreements about aggregate demand
shocks. In our baseline setup, agents know each others’ beliefs and agree fo dis-
agree. Agents also learn over time, as they observe new public signals and data, but
learning is gradual and disagreements can persist. Persistent disagreements imply
that the market anticipates monetary policy “mistakes” that affect forward interest
rates, economic activity, and the Fed’s optimal interest rate policy.

Concretely, suppose the Fed becomes more optimistic than the market about
a permanent component of demand. Since the Fed is optimistic about demand, it
raises the interest rate to stabilize the output gap. However, since the market doesn’t
share the Fed’s optimism, it considers the interest rate hike to be a “mistake” and
expects the output gap to be negative. Moreover, since the disagreements disappear
gradually, the market expects “mistakenly high” interest rates in future periods as
well. The forward interest rates immediately increase and put downward pressure
on current economic activity. Therefore, even though the Fed is optimistic about
aggregate demand, it does not need to raise the current interest rate by much to
stabilize the output gap under its belief. In equilibrium, the Fed raises the interest
rate by a relatively small amount, which—together with the increase in the forward
rates—reduces aggregate demand just enough to counteract the increase in the Fed’s
optimism. The Fed also expects to continue raising rates over time, since it expects
the data to support its view and persuade the market to move closer to its view—a
form of expected gradualism in monetary policy.

Conversely, when the market becomes more optimistic than the Fed about demand,
the market thinks the Fed sets “mistakenly low” interest rates in the current and future
periods. This puts upward pressure on current economic activity. Therefore, even
though the Fed’s belief did not change, it hikes the interest rate to some extent—i.e.,
there is initial overshooting. The Fed also expects to gradually undo this overshooting
as the data supports its view and reduce the market’s optimism.
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Our first set of results formalizes the logic in these examples. We show that the
Fed’s optimal interest rate reflects a weighted average of the Fed’s belief and the
market’s belief; that is, the Fed cannot set interest rates by focusing only on its own
view of aggregate demand—it also puts some weight on the market’s view, even
though it disagrees with the market. This weighted-average policy rule, together
with agents’ learning, also explains the observed differences between the market’s
and the Fed’s expectations for future interest rates (see Figure 1). Agents agree on
how the policy rule will respond to beliefs, but they disagree over what future beliefs
will be. For sufficiently distant horizons, the market’s expected rates reflect the mar-
ket’s current belief, because the market thinks the Fed will learn from data and come
to the market’s belief. Conversely, the Fed thinks the market will learn from data and
it will be able to set future interest rates reflecting its current belief.

Our second set of results provides a microfoundation for textbook monetary pol-
icy shocks (which are typically modeled as ad hoc random variations around a policy
rule). In our model, beliefs and disagreements change over time because agents het-
erogeneously interpret new public signals. The idiosyncratic part of the Fed’s belief
is then naturally revealed to the market at discrete times, e.g., via a policy announce-
ment or a communication. This revelation leads to microfounded monetary policy
shocks that we call Fed belief surprises. These surprises affect financial markets like
textbook policy shocks: for instance, after an interest rate hike that reveals a more
optimistic Fed than the market expected, the forward interest rates increase and the
market’s expected output gaps decrease. The market revises its view of monetary
policy “mistakes” in the direction of higher interest rates. However, unlike text-
book shocks, Fed belief surprises are optimal under the Fed’s belief. Therefore, their
implications for subsequent economic outcomes are subtle and depend on the data
generating process (DGP). For instance, if the market’s belief is correct (the same
as the DGP), then a positive interest rate shock driven by a Fed belief surprise is on
average followed by negative output gaps. However, if the Fed’s belief is correct,
then the interest rate shock is on average followed by zero output gaps (the Fed’s
target), despite the market’s negative reaction. Overall, the Fed belief surprises are
relatively benign policy shocks, at least under the Fed’s belief.

Policy shocks are potentially more damaging if the Fed is uncertain about how
the market will react to its announcements. Suppose the market can interpret an
interest rate hike as an increase in either long-term or short-term Fed optimism, and
the Fed does not know how the market will interpret the rate hike. This allows for
tantrum shocks in which the forward rates overreact to the Fed’s rate hike relative
to what is optimal under the Fed’s belief. After a tantrum shock, the Fed misses its
output gap target even under its own belief. In practice, the Fed is likely to be aware
of contexts where tantrum shock are more likely. We show that the fear of tantrum
shocks induces the Fed to act more gradually than in our baseline setting. We also
show that communication between the Fed and the market is useful, not to persuade
the market—the market is opinionated—but to reduce the likelihood of a tantrum
shock.

In the final part of the paper we extend the model to allow for partial price flex-
ibility, which gives rise to a standard New Keynesian Phillips curve (NKPC). This
extension strengthens our mechanism, in the sense that the Fed accommodates the
market’s belief even more than with fully sticky prices. For optimal policy purposes,



VOL. 112 NO.7  CABALLERO AND SIMSEK: MONETARY POLICY WITH OPINIONATED MARKETS 2357

disagreements closely resemble the cost-push shocks in the textbook New Keynesian
model. Consider the earlier example with an optimistic Fed in which the market
expects the Fed to set high interest rates and induce negative output gaps. With
partially flexible prices, the market also expects disinflation which, via the Phillips
curve, reduces current inflation. The Fed is then pushed to set a lower interest rate
than before—closer to the market’s pessimistic belief—to induce a positive output
gap (under its belief) and fight the disinflationary pressure. In fact, the “divine coin-
cidence” breaks down and the Fed faces a trade-off between stabilizing the current
inflation and the current output gap.

The rest of the paper is organized as follows. After discussing the related liter-
ature, we start in Section I by documenting facts about interest rate disagreements
between professional forecasters and the Fed that motivate our modeling ingredi-
ents. Section II introduces our general environment, describes the belief structure,
and derives the equilibrium conditions. Section III shows how disagreements affect
optimal interest rate policy and (together with learning) explain the gap between
the Fed’s and the market’s expected interest rates. Section IV introduces the mar-
ket’s uncertainty about the Fed’s belief and derives our results about microfounded
monetary policy shocks. Section V introduces the Fed’s uncertainty about the mar-
ket’s reaction to its announcements and derives our results about tantrum shocks.
Section VI analyzes the extension with partial price flexibility. Section VII provides
final remarks. The (online) Appendices contain the omitted derivations and proofs
as well as the details of our empirical analysis.

Related Literature.—QOur paper has normative and positive components, each
related to multiple literatures about monetary policy. The distinctive feature of our
model is belief disagreements between the Fed and the market. In particular, the
market has its own belief and does not consider the Fed to have superior information
about economic activity.

Our policy analysis contributes to a large literature that investigates gradual-
ism in monetary policy: the idea that the Fed tends to adjust interest rates in small
steps in the same direction; see, e.g., Woodford (2003); Bernanke (2004); Stein and
Sunderam (2018). Our model features a novel form of expected gradualism. When
the Fed becomes more optimistic than the market, it hikes the interest rate by a
small amount—partially accommodating the market’s view—but it also expects to
continue to hike rates. The market does not expect the rate hikes to continue, which
might help explain why gradualism has been difficult to detect from the term struc-
ture of interest rates, e.g., Rudebusch (2002). With tantrum shocks, our model fea-
tures a second, more standard rationale for gradualism, similar to Brainard (1967);
Sack (1998): the Fed adjusts the policy rate conservatively because it is afraid of a
large market reaction. In contrast, our model generates rapid policy responses when
there is no disagreement between the Fed and the market.

Our policy analysis is also related to the growing literature on central bank com-
munication; see Blinder et al. (2008) for a review. The literature documents that
central bank transparency has increased in recent years, and that the common forms
of communication have made monetary policy more predictable. Our model is
consistent with these findings and provides a rationale for Fed communication. As
anticipated by Blinder (1998), the Fed in our setup communicates to let the market
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know its own belief. This transparency improves the Fed’s ability to predict how the
market will react to its actions and devise appropriate policy. In particular, the Fed
can avoid tantrum shocks in which the market overreacts to its announcements.”

Similarly, forward guidance is a common form of communication by which the
central bank reveals the path of interest rates it is likely to set. The recent litera-
ture has mostly focused on the role of forward guidance as a commitment device
that might help circumvent the effective lower bound (ELB), e.g., Eggertsson and
Woodford (2003). We show that forward guidance can be useful even if the econ-
omy is away from the ELB, since it can reveal the central bank’s belief and mitigate
tantrum shocks; see Bassetto (2019) for a related mechanism and Campbell et al.
(2012); Woodford (2013a); Svensson (2014) for perspectives on the role of forward
guidance in facilitating communication versus commitment.

More broadly, our normative analysis is part of a large literature that investi-
gates optimal macroeconomic policy without rational expectations; see Woodford
(2013b) for a review. This literature typically assumes the planner is rational, but
agents are boundedly rational due to frictions such as learning (e.g., Evans and
Honkapohja 2001; Eusepi and Preston 2011), level-k thinking (e.g., Garcia-Schmidt
and Woodford 2019; Farhi and Werning 2019; Angeletos and Sastry 2018), or cog-
nitive discounting (Gabaix 2020)." The focus is on designing policies that address
or are robust to agents’ bounded rationality. Our approach has two key differences.
First, we do not take a stand on who has rational beliefs: in fact, the market thinks
it has correct beliefs and the Fed has incorrect beliefs—the opposite of the typical
assumption. Second, our agents are not boundedly rational in the usual sense: both
the market and the Fed have dogmatic beliefs about exogenous states and under-
stand how those states map into endogenous outcomes. These assumptions lead to
a different policy analysis and results. In our setting, the Fed’s main nonstandard
concern is to mitigate the macroeconomic impact of the monetary policy “mistakes”
perceived by the market.

Our positive analysis contributes to the large empirical literature that investigates
the effects of monetary policy shocks on economic activity; see Ramey (2016) for
a recent review. We introduce Fed belief surprises as microfounded monetary pol-
icy shocks. These surprises generate some of the asset price responses observed by
the literature that uses high-frequency event study methods to identify monetary
policy shocks, e.g., Bernanke and Kuttner (2005); Giirkaynak, Sack, and Swanson
(2005a, b); Hanson and Stein (2015); Goodhead and Kolb (2018).

The Fed belief surprises are also related to the Fed information effect emphasized
in the recent literature (see, e.g., Romer and Romer 2000; Campbell et al. 2012;

3See Woodford (2005) for other arguments for Fed communication and Amato, Morris, and Shin (2002) for a
model in which Fed communication might be excessive. A parallel debate concerns the best practices for central
bank communication; for instance, whether the central bank should speak with a single voice or with many voices—
reflecting the differences of opinion among policymakers; see, e.g., Ehrmann and Fratzscher (2007). In recent work,
Vissing-Jorgensen (2019) analyzes “the quiet cacophony of voices™: informal communication by multiple FOMC
members. She argues that market beliefs do influence actual monetary policy decisions (as in our model), and the
FOMC members know this and selectively reveal information to influence the market’s belief. In her model, infor-
mal communication resembles a prisoner’s dilemma and is welfare reducing.

4 A related literature assumes agents are rational but lack common knowledge of each other’s beliefs, and shows
coordination problems can lead to aggregate behavior that resembles bounded rationality, e.g., Woodford (2001);
Angeletos and La’O (2010); Morris and Shin (2014); Angeletos and Lian (2018); Angeletos and Huo (2018).
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Melosi 2017; Nakamura and Steinsson 2018a; Andrade et al. 2019; Giirkaynak
et al. 2021)—the idea that the Fed’s policy announcements might signal informa-
tion about fundamentals. We highlight a different effect. In our model, the market
does not think policy announcements have information about fundamentals. Instead,
the market updates its belief about the Fed’s belief. Similar to this literature, we
emphasize that monetary policy shocks can be driven by the Fed’s belief about fun-
damentals, which can confound the standard empirical approaches estimating the
effects of monetary policy shocks. However, we do not necessarily assume the Fed’s
belief is correct, and we characterize when (and how) the standard regressions will
be confounded (see Section IV).

A strand of the literature documents that the high-frequency “policy surprises”
are predictable from information publicly available before the announcement; see,
e.g., Miranda-Agrippino (2016); Miranda-Agrippino and Ricco (2018); and Cieslak
(2018). In recent work, Sastry (2019) and Bauer and Swanson (2020) investigate this
puzzle and find that the Fed has reacted to public data about the state of the economy
more than the market had anticipated. The evidence further suggests that, at the time
of the announcement, the market learns the Fed’s belief (or reaction) and disagrees
with it. Instead of adopting the Fed’s belief, the market independently updates its
own belief from the same public data—possibly at a different time. These findings
are consistent with our key ingredients, disagreements and learning from data.

Our analysis with partial price flexibility is related to the New Keynesian litera-
ture on the limits of inflation stabilization policy. In the textbook model, stabilizing
inflation also replicates the flexible-price outcomes. This divine coincidence applies
for supply shocks as well as demand shocks and implies that the central bank does
not face a policy trade-off, e.g., Goodfriend and King (1997); Blanchard and Gali
(2007); Gali (2015). This feature seems counterfactual, which has led the literature
to introduce “cost-push” shocks—often motivated by markup fluctuations or wage
rigidities—that create a policy trade-off. We show that disagreements between the
Fed and the market (the price setters) create a policy trade-off even without cost-push
shocks. Intuitively, perceived policy “mistakes” shift agents’ inflation expectations
and affect their price setting the Phillips curve as if there is a cost-push shock.

Our empirical analysis of interest rate disagreements is related to a literature that
uses survey data to document belief distortions about macroeconomic outcomes.
Much of the recent literature focuses on whether agents over- or underreact to data,
e.g., Coibion and Gorodnichenko (2015); Bordalo et al. (2020); Broer and Kohlhas
(2018); Angeletos, Huo, and Sastry (2020); Ma et al. (2020). In contrast, we focus
on the relationship between disagreements on different macroeconomic variables;
see also Andrade et al. (2016); Giacoletti, Laursen, and Singleton (2021); Bauer and
Chernov (2021). We show that, consistent with our model, disagreements between
the Fed and the market about future interest rates correlate with disagreements about
future inflation.

Finally, this paper is related to a large literature that studies the implications
of belief disagreements for financial markets and the macroeconomy; see Simsek
(2021) for a recent survey. We analyze the disagreements between a policymaker
(the Fed) and investors, whereas the literature mostly focuses on the disagree-
ments among investors; see, e.g., our previous work, Caballero and Simsek (2020,
2021b).
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I. Motivating Facts on Fed-Market Disagreements

In this section, we present evidence for our two main modeling ingredients: (i)
disagreements between the Fed and the market about expected interest rates are
driven by disagreements about expected aggregate demand, and (ii) these disagree-
ments are somewhat persistent.

For our baseline analysis, we measure the market’s beliefs from Blue Chip
Financial Forecasts (Blue Chip). Blue Chip is a monthly survey of several major
financial institutions. Forecasters report predictions about interest rates and other
outcomes for up to five quarters ahead. We use the consensus (average) prediction.
We also average the predictions made in each month of the quarter and construct a
quarterly time series. We are interested in predictions for the future policy interest
rate and for future aggregate demand. We measure the beliefs for the policy rate
from the predictions for the Fed funds rate (FFR), reported as the quarterly average.
We proxy the beliefs for aggregate demand from the predictions for inflation (the
GDP price index), reported as the annualized quarterly growth rate. We analyze
predictions for the fourth quarter (beyond the current quarter), but the results are
similar for other forecast horizons.

We measure the Fed’s beliefs from the Greenbook (which subsequently became
the Tealbook) and its supplements. Greenbooks are documents produced by the Fed
research staff before each FOMC meeting to assist policymakers (they are released
to the public after a five-year delay). They contain the Fed staff’s predictions for
several macroeconomic variables. We focus on predictions for the FFR and infla-
tion (the GDP price index) at the same horizon and in the same units as the Blue
Chip. We construct a quarterly time series by averaging the predictions made in
each FOMC meeting within the quarter. We mainly rely on the digitized data from
the Philadelphia Fed, which provides the predictions for inflation made until the
end of 2013 and for the FFR made until late 2008. We also hand collect data on the
FFR predictions made between 2008 and 2013. Our baseline sample combines the
Greenbook and Blue Chip data from 1990:I until 2013:IV.” Online Appendix D.1
contains details about data sources and construction.

plots the difference between the Fed’s and the market’s predictions for
the FFR (blue bars) and inflation (red bars). The frequent coincidence in the direc-
tion of blue and red bars shows that the Fed tends to predict a higher policy rate
when it predicts higher aggregate demand (proxied by inflation). In the early 1990s
and during the recovery from the 2001 recession, the Fed had a more pessimistic
view of demand than the market and predicted lower interest rates. Before the Great
Recession, the Fed briefly turned more optimistic and predicted higher rates. During
the recovery from the Great Recession, the Fed was once again more pessimistic and
predicted lower rates.” These patterns are consistent with the left panel of Figure 1.

3 Our data are available from 1986:1, but we start the baseline sample in 1990:I since, by this time, the Fed was
able to stabilize inflation around a target level on average, as in our model. In contrast, the Fed in the 1980s was
focused on reducing inherited inflation. Our results extend to the brief period 1986—1989 but they are noisier.

6Starting with 2008, the Fed implemented large-scale asset purchases (LSAPs) that provide a substitute to
conventional monetary policy. The LSAPs help explain why the correlation illustrated by Figure 2 does not apply
in 2012 and 2013. During this period, there was broad agreement that the policy rate would remain near zero (the
effective lower bound) but there was disagreement about the LSAPs, e.g., regarding the timing and the size of the
Fed’s “tapering” of asset purchases.



VOL. 112 NO.7  CABALLERO AND SIMSEK: MONETARY POLICY WITH OPINIONATED MARKETS 2361

14 Greenbook — Blue Chip forecast
for the FFR

Greenbook — Blue Chip forecast
for inflation (the GDP price index)

Percent

i Iﬂ[lerhL "FIHLI

T T T T T T
1990:1 1995:1 2000:1 2005:1 2010:1 2013:1V
FIGURE 2. FED-MARKET DISAGREEMENTS ABOUT INTEREST RATES VERSUS INFLATION

Notes: The bars denote the difference between the Fed’s Greenbook/Tealbook forecast and the consensus Blue
Chip forecast for four quarters ahead. The blue (respectively red) bars correspond to forecasts for the FFR (respec-
tively the GDP price index growth).

also highlights that disagreements are persistent. Once the Fed (or the
market) forms a substantially more pessimistic view of demand, it remains pessi-
mistic for many quarters. The persistence of beliefs and disagreements plays an
important role in our analysis.

Online Appendix D.2 shows that the patterns highlighted in Figure 2 hold in a
regression analysis (see Table D.1) and for other prediction horizons (see Figure
D.1). One concern with this analysis is that the Blue Chip forecasts might not be
representative of the dominant belief in financial markets (the belief that determines
asset prices). Online Appendix D.2 also addresses this concern and shows that the
results are robust to measuring the market’s beliefs from asset price data. We mea-
sure the market’s interest rate predictions from forward interest rates (as in Figure 1)
and the inflation predictions from the inflation breakevens in the TIPS market. This
approach leads to qualitatively similar results as in Figure 2, except for the finan-
cial crisis period during which the inflation breakevens were confounded by a large
liquidity premium (see Figure D.2).

We next turn to our theory, where we equip the Fed and the market with persistent
disagreements about aggregate demand and investigate the implications for mone-
tary policy.

II. Environment, Equilibrium, and Beliefs
In this section we introduce our model, characterize the equilibrium conditions,

and describe agents’ beliefs. We also solve for the equilibrium in a benchmark case
with common beliefs.
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A. The Model

The model is similar to a textbook New Keynesian model, with the novelty that the
Fed and the market may disagree about future aggregate demand. We also assume that
policy actions affect the economy with a lag. With transmission lags, belief disagree-
ments about future aggregate demand matter because the market expects the Fed to
make “mistakes.” We start by describing the general environment and the equilibrium
conditions. We then describe the aggregate demand process and belief disagreements.

We incorporate transmission lags by making the Fed set the policy rate in each
period before the realization of an aggregate demand shock (a shock that deter-
mines spending and output within the period). illustrates the timeline of
events. In the first phase, agents observe a public signal and draw their interpreta-
tions (as described subsequently), after which the Fed sets the risk-free interest rate.
Then, the aggregate demand shock is realized. Finally, in the last phase, the market
chooses optimal allocations, markets clear, and the equilibrium level of output is
determined. Throughout, we denote the Fed and the market with the superscriptj €
{F M} We use Fj [ ] to denote agent j’s expectation in period ¢ before the realization
of the aggregate demand shock (in the first phase), and we use E)]- [ ] to denote the
corresponding updated beliefs affer the realization of the shock (in the last phase).’

Preferences and Technology.—The economy is set in discrete time ¢ € {O, 1,..}.
The demand side features a representative household (the market) that maximizes
utility in the last phase of each period,

M 00 N1+r
’;)ﬁh<log Cpop — 0 )

147

The market observes the current aggregate demand shock (which we describe sub-
sequently) and solves a standard problem that we relegate to online Appendix A.

The supply side features a competitive final goods sector and monopolistically
competitive intermediate goods firms that produce according to

= ([ a) T nd V() = AN,(1)'

If nominal prices were fully flexible, the equilibrium labor and output would be
equal to their potential levels denoted by N* and Y; = A, (N*)I*“; see equation
(A.12) in the online Appendix.

7Qur policy-timing assumption might create the impression that the market has an informational advantage
relative to the Fed. This “advantage™ is a by-product of the fact that the market (the representative agent) is the
economy, whereas the policymaker tries to influence the economy with lags. As noted by Greenspan (1995, p. 9):
“Monetary policy acts with a lag ... The oft-cited analogy to a barge travelling on a river is apt. To successfully
navigate a bend in the river, the barge must begin the turn well before the bend is reached. Even so, currents are
always changing, and even an experienced crew cannot foresee all the events that might occur as the river is being
navigated.”

We capture policy lags with a within-period sequence of actions, rather than the more explicit version where the
Fed sets the interest rate for period ¢ in period t — 1. We do this to isolate our insights from commitment issues that
arise with dynamic linkages. For instance, the Fed might want to set policy for period ¢ partly to improve objectives
in period ¢ — 1. Aside from this commitment issue, the two timing structures lead to a similar analysis.
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Timeline within period ¢

Time
Agents observe The Fed Aggregate demand Market (rep agent)
a public signal sets i, shock, g, (news chooses spending
s, and draw about a,, ) realized

i i J
interpretations 1., Output and its gap 7,

are determined

Expectation notation, E7['] Expectation notation, E/[/]

FIGURE 3. THE TIMELINE OF EVENTS AND THE SUMMARY OF THE MODEL

Nominal Rigidities.—We assume that a fraction of the intermediate goods firms
have sticky nominal prices. We use the standard Calvo setup. In each period a ran-
domly selected fraction of firms reset their nominal prices, whereas the remain-
ing fraction leave their prices unchanged. For small aggregate demand shocks, this
setup implies aggregate output is determined by aggregate demand, ¥, = C..

In online Appendix A, we log linearize the equilibrium around allocations that
feature potential (flexible-price) real outcomes and zero nominal inflation. We show
that our price setting assumption implies the NKPC,

(1) T = Ky + /BE?/[[WH],

where y, = log(Y,/Y;) denotes the output gap relative to potential and 7, = log
(P,/P,_;) denotes inflation. The coefficient, x, is a price flexibility parameter; see
equation (A.21) in the online Appendix.

Aggregate Demand Shocks.—We capture aggregate demand shocks with news
about potential growth. Formally, log productivity, ¢, = logA,, follows the process

a1 = a4+ 8

where g, denotes the growth rate of productivity between periods ¢ and ¢ + 1, which
is realized in period t. In particular, by the time the economy reaches period ¢, there
is no uncertainty about the potential output of the economy in the current period:
a, = a,_1+ g,_1, and g,_; is already determined. However, there is uncertainty
about potential growth between this period and the next period, g,.

In the online Appendix, we log linearize the Euler equation for the market to
obtain the IS (investment-saving) equation that determines the output gap,

(2) V= — (it - E?/I[Wﬂrl] - P) + 8+ E?/I[ytﬂ],

where i, — EM [7@“] corresponds to the (market-expected) real interest rate and
p = —logfis the discount rate. Equation (2) illustrates that, for a given real inter-
est rate, the equilibrium output gap increases one-to-one with the potential growth
rate, g,, as well as with the expected future output gap. Hence, we refer to g, as the
aggregate demand shock in period 7.
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Monetary Policy.—The interest rate is set by the monetary authority (the
Fed). To capture policy transmission lags, the Fed sets the interest rate at the
beginning of the period, before observing the aggregate demand shock for the
current period. Otherwise, the Fed minimizes a standard objective function
EF [Z;ﬁioﬂh(’yflﬁh + 77,2+h)] , where ~ denotes the weight on the output gap relative
to inflation. We assume the Fed sets policy without commitment. We can then write
the Fed’s problem as

o0
(3) miinEf['yytz + 7Tz2] + Efl:vi‘rl] where Vi, = };ﬁhﬁytﬁh + 7rt2+h>’

subject to (1) and (2). In the equilibria we will analyze, the Fed’s expected con-
tinuation value, EX iV,FH], will be exogenous to its interest rate decision in period
t (because the model has no endogenous state variables). Therefore, the Fed effec-
tively solves a sequence of static problems. In each period and state, it takes the
future values of output gaps and inflation as given and sets the policy rate i, to min-
imize the expected quadratic gaps in the current period.

B. Equilibrium Conditions

Except for Section VI, we focus on the special case with fully sticky prices,
= 0. In this case, inflation is zero, 7, = 0, and the Fed focuses on stabilizing

dET |V, .
current output. In particular, using (2) and (3) and assuming % = 0 (which
we will verify), the Fed’s optimality condition is '

(4) EF @y -0 Where@: _14_%
Hai | =0 di, d,

For most of our analysis, belief specifications are such that the policy rate has a con-
_ dE}"y

stant impact on the market’s expected future output gap: %

t

either because Eiw[y,ﬂ] does not depend on the current interest rate (Section III), or
because it has a constant slope with respect to the current interest rate (Section IV
and the benchmark case in Section V). In these cases, the Fed’s optimality condition
simplifies to

18 constant. This is

(5) Ef5)] = o.

The Fed targets a zero output gap in expectation and according to its own belief.
We can then combine equations (2) and (5) to solve for the optimal interest rate
as

(6) i, = p+Eflg]+EF|EM[5..1]].

The Fed sets a higher interest rate when it expects greater aggregate demand,
EF [gt]. More subtly, the Fed also sets a higher interest rate if it expects the market to
be more optimistic about the subsequent output gap (higher EF [Eﬁ” [ytHH ). As illus-
trated by equation (2), the market’s optimism about future output increases current
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output, and the Fed increases the interest rate to offset this effect. This mechanism
plays an important role for our results.
Substituting equation (6) into equation (2) we solve for the equilibrium output

gap as
(7) Vi = & — Eﬂgt] + Eﬁw[ﬁt-&-l] - Ef[Eiu[yt—H”

In equilibrium, the output gap depends on surprises relative to the Fed’s expecta-
tions. The first two terms capture surprises to the aggregate demand shock, g, When
aggregate demand is higher than the Fed expected when it set the interest rate, the
output gap is higher. The last two terms capture the Fed’s surprise about the market’s
expectation about the output gap in the next period. This second surprise will play
no role until Section V (on tantrum shocks).

Finally, we also characterize risky asset prices along the equilibrium path. We
focus on “the market portfolio,” which we define as a financial asset (in zero net sup-
ply) whose payoff is equal to output in subsequent periods, {Y’+h}h>1' In the online
Appendix, we show that the log (real) price of this asset satisfies

(8) @ =q +a+7,

where ¢ is a constant. Under log utility, the price of the market portfolio is pro-
portional to output (see equation (A.23)). Therefore, this price moves either when
productivity changes or when the output gap changes. In subsequent analysis, we
focus on characterizing the output gap, y;, and refer to equation (8) to describe the
impact on asset prices.

Equations (6)—(8) provide a generally applicable characterization of equilibrium

vy

(when prices are fully sticky and dE;li[inl]
agents’ beliefs and disagreements. '

is deterministic). We next specify the

C. Aggregate Demand Process and Belief Disagreements

We focus on a setup in which disagreements emerge from heterogeneous inter-
pretations of public signals, although our results generalize to other sources of dis-
agreements (see Remark 1 at the end of the section). We start with our baseline
model in which agents know each others’ interpretations and beliefs (they agree to
disagree).

Formally, aggregate demand follows:

9) g = &+ v, where v, ~ N(O,U\%),

g =g 1+¢ and g ~ N(O,Ug).
The term v, captures transitory demand shocks that are i.i.d. across periods. The
term g, captures a persistent component of demand, which can be interpreted as the

underlying state of the economy. Agents do not observe g, and therefore need to
estimate it given the available information. We assume g, follows a random walk,
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although we could allow for richer dynamics (see Remark 4). Henceforth, we refer
to g, as the permanent component of demand.

At the beginning of each period ¢, agents receive a public signal, s,, that might be
informative about g,. Similar to Sethi and Yildiz (2016), agents interpret this sig-
nal heterogeneously. Specifically, after observing the public signal, each agentj €
{F , M} forms an idiosyncratic interpretation, 1. Given this interpretation, the agent
believes the public signal is drawn from

s, =/ g — i+ e, where e, ~ N(O,Ug)-

The noise term, e,, is i.i.d. across periods and independent of other random variables.
The notation =/ captures that the equality holds under agent j’s belief. For now, we
also assume agents observe each others’ interpretations.

The upshot of these assumptions is that each agent j effectively receives an inter-
preted signal of the permanent component,

(10) 5+ N{ =/ g +e.

Moreover, agent j thinks the other agent (denoted by j') has a garbled version of her
own interpreted signal,

(11) st+/ﬂtv =/ gt‘f’et_ﬂjt""ﬂjtﬁ-

Agents do not consider each others’ idiosyncratic interpretations to be informative,
conditional on their own interpretation. Consequently, when agents’ interpretations
differ, they will form heterogeneous beliefs even if they had no prior disagreements.

Finally, we assume that the agents’ idiosyncratic interpretations are drawn from
a joint normal distribution that is i.i.d. across periods (and both agents know this
distribution):

(12) pi i ~ N(0,07) and corr(uf,u") = p,.

Here, p, captures the correlation between agents’ interpretations. When p, = 1,
the interpretations are the same and there are no disagreements. When p, < 1,
there can be disagreements.

Recall that by the end of period ¢ agents also observe the current period’s demand
realization. This provides them with additional information about the permanent
component since g, = g, + v,. Agents are Bayesian given their own interpretations
of signals. Therefore, they update their beliefs about the permanent component
using a Kalman filter.

Kalman Filtering of Beliefs.—Formally, let g/ = E{[g,] denote the agent’s con-
ditional mean belief for the permanent component before the realization of g, but
after the realization of interpreted signals (see Figure 3). Let g, = E{[gt] denote the
conditional mean belief after the realization of g,. The following lemma describes
the evolution of these conditional beliefs. We are mainly interested in the preshock
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belief, g{, but we also characterize the postshock belief, gf,', because the Kalman filter
for the postshock belief is simpler (and easier to interpret).

LEMMA 1: Suppose sufficient time has passed that agents are in a
learning steady state. Before and after observing g, agent j believes
g ~ N(g{, O'é) and g, ~ N(g{, 0%), respectively. The variance of the preshock
belief solves % = i 5+ %, where the variance of the postshock belief is the
Og 0§+ o: s
unique positive solution to % =
o2

+ + —. The conditional mean of the
Og 24 0’~ ae O'V

pre- and postshock beliefs evolve according to

1 5 1 J
g+ 0_2 gtfl ?(s; + ,UJ1>

; o e
(13) g =7 1+ :
1 1 1 +L
og+ oz ag a§+crg 03
1 1 1
+5)¢g -
o (Frata -8
S S DI U B B
oéJr § aﬁ % a§+a§ aﬁ O'%

The conditional mean of the preshock belief satisfies the recursive equation,
(14) g = pgl +w'ls, + ) + Wiy,

for appropriate coefficients p,w’,w® > 0 that sum to one ¢ + w* + w¥ = 1. The
2

coefficient on the past belief, ¢ = € (O, l), is increasing in the variance of

the public signal, 02, and the variance of the transitory component, o2, and decreas-
ing in the variance of the permanent component, .

The result follows from standard Kalman filtering techniques (see online
Appendix B.1). For a sketch proof, fix a period # — 1 and suppose at the end of this
period the agent has the prior belief g, | ~ N (g, l,ag) Then, the agent believes
the permanent component of demand in the next period, g, = g, | + ¢, has the
distribution N (gt 1,Ug + 05) Starting with this prior, equation (13) describes the
Bayesian posterlor in two steps. The first equation incorporates the interpreted sig-
nal, s, + p} =/ g, + e, and describes the preshock belief. The second equation
incorporates the demand shock, g, = g, + v,, and describes the postshock belief. In
a leaming steady state, the precision of the postshock belief is the same as in the last
perlod 5+ : 5+ 1 = 128

Og

Equatlon (14) combines the two equations in (13) to provide a recursive formu-
lation for agents’ preshock belief (our focus). The preshock belief is a weighted
average of the most recent belief, the most recent interpreted signal, and the most

81n general, i

with precision i = + + —. The proof in the online Appendlx shows lim, ., Ué, = Ué > 0. We
(7

Ugl ag, 1+ U
assume sufficient time has passed S0 that the variance of the postshock belief has converged to its steady-state level.
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recent demand shock. We refer to the weight on the most recent belief, ¢ € (O, 1),
as the persistence of beliefs. The last part of the lemma describes the comparative
statics of . As expected, the agents hold more persistent beliefs for the permanent
component when this component does not change much from period to period (low
o2) and when the signal or the demand shock are not very informative (high o2, 02).

Recall that the equilibrium depends on the agents’ conditional belief about aggre-
gate demand, Ef,'[gt] (see Section IIB). This belief is the same as the conditional
preshock belief for the permanent component, El[g] = g/ (because g, = g, + v,
and the transitory component has mean zero). We establish two additional proper-
ties of these preshock beliefs that facilitate the subsequent analysis. The first result
describes the evolution of disagreements. The second result describes the higher
order beliefs that matter for the equilibrium: in particular, the agents’ expectations
in period t about the conditional beliefs they will have in a future period.

LEMMA 2: Disagreements evolve according to
(15) gt — g = ol —ely) + o (ut’ — pf),
where

uM—uf o~ N(O, 2(1 — pu) Ui); see equation (]2).

Disagreements are somewhat persistent and follow an autoregressive process
according to either agent. On average, disagreements decline over time either
because agents update from the same demand shock, g;, or from ex ante unbiased
interpretations of the same public signal, s, + 1/. However, shocks to interpretation
differences, ¥ — pf, regenerate disagreements.

LEMMA 3: Consider the (preshock) beliefs in period t about the conditional mean
of the (preshock) beliefs in a subsequent period t +h > t. For each agent j €

{F.M}andj # j,

(16) Ejz‘[gjﬁh] = g{,
(17) Elgla = ¢"el + (1 - ¢") gl

Each agent expects their own conditional belief about aggregate demand in a
future period to be the same as their current belief. In contrast, each agent expects
the other agent’s conditional belief in a future period to be a weighted average of
the other agent’s current belief and their own current belief. The weights depend
on the persistence of beliefs, . Intuitively, each agent expects the future data (the
demand shocks and the interpreted signals) to be centered around her conditional
belief. Therefore, the agent expects the other agent to learn from data and to come
toward her own view. The expected speed of learning is decreasing in (the other
agent’s) belief persistence. This implication of learning will be important for our
results.
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REMARK 1 (Other Sources of Disagreements): While we focus on disagreements
driven by heterogeneous interpretations of public signals, our results are robust to
the source of disagreement. The key ingredients we need are (i) disagreements are
somewhat persistent over time, as agents learn slowly, and (ii) each agent expects
the other agent to learn from data and come toward her own view. These ingredients
apply quite generally. In an earlier version of the paper, we assumed agents start
with heterogeneous prior beliefs, perhaps because they received the news of a rare
event (e.g., a financial crisis) and history does not provide enough guidance about
how these events affect the economy. Our main results also hold in this alternative
setup, but disagreements disappear over time, while they are regenerated in our
current setup.

D. Benchmark with Common Beliefs

We end this section by solving for the equilibrium in a benchmark scenario with
no disagreement between the Fed and the market. Specifically, suppose p, = 1
so that agents always have the same interpretation and hence the same conditional
belief, gf = g = g

Since agents share the same belief and the Fed sets output gaps to zero in expec-
tation—see equation (5)—equations (6) and (7) imply

(18) i = p+g’,
(19) Vi = & — Etcom[gt] =g —g"

With common beliefs, the market knows the Fed will, on average, stabilize future
output gaps, E{”"[J,;;] = 0. Therefore, there are no perceived “mistakes” and the
Fed sets an interest rate that reflects its expected aggregate demand. Naturally, sur-
prises relative to the Fed’s belief still shift the current output gap.

Next consider the expected future interest rates according to the market’s and the
Fed’s beliefs, respectively. Using equation (18) and Lemma 3, we obtain

(20) EMia] = Eflip] = p+ g for h > 0.

With common beliefs, the market’s and the Fed’s expected rates are the same and
they reflect agents’ current beliefs about aggregate demand.

REMARK 2 (Forward Interest Rates): With a slight abuse of terminology, we will
also refer to the market’s expected future interest rates as “the forward rates.”
Consider the h-period-ahead (one-period) forward interest rate, f; ,, —the rate that
an investor can obtain in period t for a (one-period) risk-free investment to be made
in a future period, t + h. In our model, up to a log-linear approximation, the for-
ward rate is equal to the market’s expected interest rate in the future period, f,, ., =
EM [it +h] : the expectations hypothesis holds under the market’s belief. In general, or
without the log-linear approximation, the forward rate also contains a risk premium
that could make it smaller or larger than the market’s expectation for the future
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rates. We study the implications of disagreements for the forward-rate risk premium
in a companion paper.

III. Disagreements and Optimal Monetary Policy

We next turn to disagreements. Our first result describes how disagreements
affect the optimal interest rate and expected interest rates.

PROPOSITION 1: Consider the setup with interpretation differences, p, < 1, so
that conditional beliefs g and gF are not necessarily the same (see Lemma 2).

(i) The optimal interest rate and the corresponding equilibrium output gap are

given by
(21) i =p+(1-)g + g,
(22) Vi = & — gf-

The optimal rate set by the Fed depends on a weighted average of the Fed’s
and the market’s beliefs, with the weight on the market’s belief given by the
persistence of beliefs, .

(ii) The market’s expected future rates (the forward rates) and the Fed’s expected
future rates in period t are given by

(23) EMi,yl = p+ g+ "1 — o) (gl — g,
(24) Effiy] = p+gf + " (g¥ —gf).

Expected rates reflect the corresponding agent’s current belief about aggre-
gate demand, with an adjustment toward the other agent’s belief that declines
with the horizon. For sufficiently long horizons, expected rates reflect only
the corresponding agent’s belief, lim;,_, E{[it +h] = p+ g, and the differ-
ence A/il'eﬂeclt;s the level of current disagreement, limhﬂoo(Eﬁw [iHh] — EF [i,+h])
=8 —&-

The first part of Proposition 1 characterizes the equilibrium outcomes. The output
gap is similar to the benchmark with common beliefs; cf. (19). The interest rate is
different and partly reflects the market’s belief about aggregate demand. The Fed
cannot set interest rates by focusing only on its own view of aggregate demand—it
also needs to take into account the market’s view and the extent of disagreement.
Moreover, the more persistent is the disagreement (the higher is ¢), the more the
Fed ignores its own view.

The second part of Proposition 1 shows that, unlike in the benchmark case, the
market’s and the Fed’s expected future rates trace out different paths; cf. (20). The
market’s expected rates reflect the market’s belief for aggregate demand with an
adjustment toward the Fed’s belief—and vice versa for the Fed’s expected rates.



VOL. 112 NO.7  CABALLERO AND SIMSEK: MONETARY POLICY WITH OPINIONATED MARKETS 2371

Therefore, disagreements about aggregate demand translate into disagreements
about expected rates.

Sketch of Proof.—We sketch the proof of the proposition, since it helps develop
intuition. We conjecture (and verify in online Appendix B.2) an equilibrium in which
the Fed’s continuation value, EX [Vﬁrl] , or the market’s conditional belief about the
subsequent output gap, E, [ﬁHl], do not depend on the current policy rate #,. Thus,
the baseline ch%acterization in Section IIB applies. In addition, we conjecture that
agents know E, [yt +1] before the realization of the demand shock for the current
period, which implies EF [Eﬁ” [ytﬂ]] = E}"[5,.1]. Equation (7) then immediately
implies (22). The Fed can still adjust the interest rate appropriately to hit its output
target on average, according to its own belief. Disagreements manifest themselves
in the interest rate that the Fed must set to achieve this outcome.

Next consider the IS curve (2) for the case without inflation,

Vi = _(it - P) + g+ Eﬁw[ytﬂ]-
All terms except for g; are determined before the realization of the demand shock.
Taking the expectations according to each agent and using EX [ﬁ,] = 0, we obtain
(25) E?/I[j’t] - Eﬂyt] = Eﬁw[yz] = g]tw - gf-

The market does not expect the output gap to be zero since it thinks the Fed makes
“mistakes.” The extent of these “mistakes” depends on disagreements. For instance,
when gI' > g/, the market thinks the Fed is too optimistic about demand and there-
fore sets an interest rate that is too high, which will on average induce negative
output gaps, EV[5;] < 0.

Using equation (25), we also obtain

(26) Eﬁfzﬂ] = Eﬁw[Eﬁl[f’zH” = EM[gh, — gf1] = olg) —g).

The second equality uses the law of iterated ex%ectations and the last equality uses
Lemma 2. Expected “mistakes” in the future, E, [y,ﬂ], depend on current disagree-
ments, g — gf, as well as on their persistence, .

We next use (6) to solve for the optimal interest rate,

i =p+el +EM,.] = p+el +olg! — gl

This proves equation (21). The anticipation of future “mistakes™ affects current
activity and induces the Fed to adjust the interest rate in the direction of the market’s
belief. For instance, when g > g, the market thinks the Fed will remain optimis-
tic in the next period and induce a negative output gap, Eﬁw[ﬁtﬂ] < 0. This exerts
downward pressure on the current output gap. Consequently, the Fed sets a lower
interest rate than implied by its own (more optimistic) belief. The extent to which
the Fed accommodates the market’s belief depends on the persistence of disagree-
ments, , because this determines the size of future “mistakes.”
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Finally, we establish the second part of Proposition 1. Consider the market’s
expected future interest rates. Taking the expectation of equation (21) under the
market’s belief, we obtain

Efig] = p+(1-¢) Eﬁw[gﬁrh] + @Ey[gﬁh]-

Substituting the higher order belief from Lemma 3 proves equation (23). For intu-
ition, recall that the higher order belief, EM [gﬂh], monotonically converges to g
as the horizon A increases. The market expects the Fed to learn over time and to
converge to the market’s belief. Therefore, the market expects future interest rates to

be determined by its current belief, g. A symmetric argument proves equation (24).

Illustration.— illustrates the results from Proposition 1 and provides fur-
ther intuition. In each panel, the thin dashed line corresponds to the (overlapping)
expected interest rates with a common baseline belief. The thin solid line shows
the expected rates when the common belief becomes more optimistic. The thicker
purple and blue lines show the Fed’s and the market’s expected rates, respectively,
when one agent becomes more optimistic and the other agent remains with the more
pessimistic baseline belief.

First consider the case in which the Fed becomes more optimistic. The top panels
of Figure 4 illustrate that this shifts upward both the Fed’s and the market’s expected
rates, but with a larger effect on the Fed’s expected rates; see (23) and (24). This gap
arises because the Fed expects the market to learn. Hence, over longer horizons, the
Fed expects to set interest rates that reflect its optimism (whereas the market expects
that the Fed will learn instead).

These panels also illustrate that the Fed raises the interest rate by less than the
increase in its optimism would imply in isolation; see (21). For a complemen-
tary intuition, note that the market’s expected future interest rates also increase—
illustrated by the shaded area in the figure. Moreover, the market considers these
increases a “mistake.” These “mistakenly high” forward rates exert downward pres-
sure on current output. Hence, even though the Fed has become more optimistic, it
only needs to increase the current interest rate slightly to achieve its target output
gap. In fact, the Fed can be thought of as targeting an overall increase in current
and forward interest rates—the current rate hike plus the shaded area—that is just
enough to counteract the increase in its current optimism. Consistent with this intu-
ition, the Fed increases the interest rate by more when beliefs are less persistent. In
this case, disagreements disappear faster and the market expects the interest rate
hike to decline more quickly (see the top right panel of Figure 4).

Next consider the case in which the market becomes more optimistic. The bottom
panels of Figure 4 show that this also shifts upward both the Fed’s and the market’s
expected rates, but with a larger effect on the market’s expected rates. In particular,
the Fed raises the initial interest rate even though its own belief did not change. In
this case, the market thinks the Fed is too pessimistic and will set interest rates too
low in future periods—illustrated by the shaded area in the figure. These “mistak-
enly low” forward rates (together with the market’s optimism) exert upward pres-
sure on current output. Therefore, the Fed is forced to increase the interest rate to
achieve its target output gap. In fact, the Fed can be thought of as hiking the current
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FIGURE 4. EXPECTED INTEREST RATES WITH FED-MARKET DISAGREEMENTS

Notes: Top (respectively bottom) panels illustrate expected interest rates when the Fed (respectively the mar-
ket) becomes more optimistic while the other agent remains with the baseline belief. Left (respectively right) pan-
els feature a higher (respectively lower) persistence of beliefs, .

rate just enough to counteract the expected “shortfall” in the forward rates—the
shaded area. Consistent with this intuition, the Fed increases the interest rate by less
when beliefs are less persistent. In that case, disagreements disappear faster and the
market expects the interest rate to catch up with its optimism more quickly (see the
bottom right panel of Figure 4).

REMARK 3 (Expected Gradualism and Initial Overshooting): The fop row of
Figure 4 illustrates that our model features a novel form of expected gradualism in
monetary policy. When the Fed becomes more optimistic than the market, it chooses
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not to increase the policy rate by the full amount of its optimism (it partially accom-
modates the market’s view), but it also expects to continue raising rates since it
expects the data to sway the market toward the Fed’s view over time (as reflected in
the Fed’s expected rates). On the other hand, the bottom row of Figure 4 highlights
that our model can also feature initial overshooting in monetary policy, followed by
expected gradualism. Specifically, when the market becomes more optimistic than
the Fed, the Fed initially raises the policy rate to partially accommodate the mar-
ket’s view, but it also expects to gradually undo the initial overshooting as the mar-
ket learns from data.

REMARK 4 (Richer Dynamics): Figure 4 shows that our model can explain the
disagreements in interest rate predictions between the Fed and the market depicted
in Figure 1. However, our model is not designed to capture the slopes of these pre-
dictions by forecast horizon. In our model, one agent’s prediction is upward slop-
ing whereas the other agent’s prediction is downward sloping, whereas in practice
the Fed’s and the market’s interest rate predictions tend to be either both upward
or downward sloping; see Figure 1. This discrepancy arises because we focus on
fully persistent aggregate demand shocks; see (9) We could generate other patterns
for interest rate predictions by allowing for richer shock dynamics. For instance,
consider a recovery scenario in which a negative shock is expected to mean revert.
Under common beliefs, this scenario would lead to upward-sloping interest rate pre-
dictions. With disagreements, the scenario may still induce upward-sloping interest
rate predictions according to each agent, but with a gap between the predictions
similar to Figure 4.

IV. Fed Belief Surprises as “Optimal” Monetary Policy Shocks

In this section, we show that our setup generates microfounded monetary pol-
icy shocks. In our model, agents’ disagreements change over time as agents het-
erogeneously interpret new public data. So far, we have assumed that the agents
observe each others’ interpretations and know each others’ beliefs. In practice,
while the Fed might observe the market’s belief through asset prices (albeit with
noise), it is harder for the market to observe the Fed’s belief. We next consider
the baseline model with the only difference that the market is uncertain about the
Fed’s belief. In this setup, the idiosyncratic part of the Fed’s belief is naturally
revealed to the market via a policy announcement or a communication. This rev-
elation leads to microfounded monetary policy shocks that we refer to as the Fed
belief surprises. While these surprises affect financial markets like textbook mon-
etary policy shocks, they are optimal under the Fed’s belief and have more subtle
implications for subsequent economic outcomes. In particular, an interest rate hike
driven by a Fed belief surprise is not necessarily followed by negative output gaps
on average.

For concreteness, we focus on shocks driven by the Fed’s policy announcements
(we discuss the role of broader Fed communication at the end of this section). Recall
that in the baseline model agents observe a public signal about the permanent com-
ponent of demand, s,, form interpretations of the signal, ,uf , ,u?” , and observe each
others’ interpretations. Consider the same model with the only difference that the
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market does not observe the Fed’s interpretation, jf. The Fed still observes the
market’s interpretation, ;1. The rest of the model is the same.

Notice that the agents’ conditional beliefs, g’ g, still evolve according to
Lemma 1. The difference is that the market does not know the Fed’s conditional
belief, gf—as it depends on the Fed’s interpretations in the current and past periods
that the market does not observe. Nonetheless, we conjecture an equilibrium that is
the same as in Section III; that is, the Fed sets the interest rate

i =p+(1—¢)gl +pgl

Note that this rate is a one-to-one function of the Fed’s belief, gi". Therefore,
after observing the interest rate, the market infers the Fed’s belief as
s M

Gl (i) = %. Along the equilibrium path, the market’s inference is correct,
GF (i,) = g! Once the market learns g/ (and therefore y.f), the analysis is the same
as in Section III. In online Appendix B.3, we verify that it is optimal for the Fed to
set the same policy rate as before and reveal its belief.

In this equilibrium, the Fed belief surprise—the revelation of the Fed’s belief via
the interest rate—affects the market’s expected equilibrium outcomes. To character-
ize the impact, first consider the expected outcomes before the interest rate decision.

Proposition 1 implies the market’s expected interest rates are

(27) EVli) = p+ (1 - ¢"(1 = @) g + "(1 — ) EV'[gf].
Likewise, we calculate the market’s expected output gaps as

(28) Ei‘”[yH*h] = E?/[[gwh - girh] = Eﬁw[g%h - gﬂh] = @h(gﬁw - Eﬁ”[gﬂ )

The first equality substitutes equation (22), the second equality uses the law of iter-
ated expectations, and the last equality follows from Lemma 2. Before the policy
decision, the market’s expectations depend on the market’s ex ante belief for the
Fed’s belief, EM [gﬁF ]

Next consider the expected outcomes after the interest rate decision, denoted by
EM[i,,,|i) and EM[5,,,]i. These are given by equations (27) and (28) with E|[g!]
replaced by g/. After the policy decision, the market’s expectations depend on the
Fed’s actual belief, gF.

Finally, using equations (12) and (14) we calculate

(29) &f - EV[gf] = Wil where i = uf — p,ui" ~ N(0.(1 - p}) 7).

Here, jil is the Fed’s residual interpretation after controlling for the market’s inter-
pretation (it is the residual term in a regression of ;! on p). Thus, the Fed belief
surprises are driven by shocks to the Fed’s residual interpretation. This leads to the
following result.

PROPOSITION 2: Suppose the market does not observe the Fed’s interpreta-
tion of the public signal, uf. Let Ax, denote the surprise change of a variable
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in period t relative to its ex ante expectation by the market. For instance,
Aglh = gl — Eﬁ”[gﬂ denotes the Fed belief surprise and AE?’I[Z'Hh] = Eﬁ”[iprh]it]
— EM [it +h] denotes the expected interest rate surprise under the market’s belief.
The equilibrium is the same as in Proposition 1. The Fed’s interest rate announce-
ment in each period t fully reveals its interpretation, ik, and its conditional belief,
gl The Fed belief surprises depend on shocks to the Fed’s residual interpretation
according to (29). A positive Fed belief surprise increases the current and forward
interest rates,
. M
Al} =1-9 ande = o"(1 - ).
Ag; Ag;
The surprise reduces the market’s expectation for the output gap and the price of
the market portfolio,

(30)

(31) AEﬂth] _ AE?’I[th] _ —SOh-
Agf Ag/

Equation (30) says that a Fed belief surprise affects the expected rates as we
described previously (see Figure 4). Equation (31) shows that the surprise reduces
the market’s expected output gap. After an interest hike, the market revises its view
of monetary policy “mistakes” in the direction of higher interest rates. This also
reduces the expected price of the market portfolio, which is a one-to-one function
of the output gap; see (8).

These results highlight that Fed belief surprises affect interest rates and (the mar-
ket’s) expected economic activity like the textbook monetary policy shocks—typ-
ically modeled as random fluctuations around an interest rate rule; see, e.g., Gali
(2015). Finding an empirical counterpart to these shocks is challenging and requires
a structural interpretation.” Proposition 2 describes microfounded monetary pol-
icy shocks driven by the idiosyncratic component of the Fed’s belief. In fact, these
shocks are “optimal” under the Fed’s belief, whereas they behave as monetary pol-
icy shocks under the market’s belief.

Implications for Subsequent Outcomes and Monetary Policy Shock Regressions.—
While a Fed belief surprise generates conventional effects on financial market out-
comes that depend on the market’s belief, its implications for subsequent economic
outcomes are more subtle. To fix ideas, consider an empirical regression of output
gaps on interest rate shocks driven by Fed belief surprises. There is a large empirical
literature that analyzes regressions along these lines. Our next result characterizes
when these regressions recover the conventional (negative) coefficient.

To interpret regressions, we need to consider the data generating process (DGP)—
the belief that will be reflected in the data on average. Suppose under the DGP the
public signal is drawn from

(32) s, + pPef = g, + e, where e, ~ N(O,ag).

9For instance, Ramey (2016, p.89) notes: “Because monetary policy is typically guided by a rule, most move-
ments in monetary policy instruments are due to the systematic component of monetary policy rather than to deviations
from that rule. We do not have many good economic theories for what a structural monetary policy shock should be.”
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Here, ;:?" is the actual interpretation of the signal; cf. (10) Suppose under the DGP

this interpretation is related to the Fed’s and the market’s interpretations according
to the multivariate regression,

(33) uPsP — gF F 4 gM M | DGP
Here, ¢PF i 1s a zero-mean random variable uncorrelated with i/, u. Recall from
(12) that pf, 4 are i.i.d. random draws from a joint normal distribution with zero
mean and correlation p,,.

With these assumptions, while agents’ expected interpretations are unbiased
under the DGP (14, nP" both have a zero mean), their realized interpretations can
be biased to capture several possibilities. For instance, when 37 = 1,4 = 0and
ePOP — (), the Fed’s belief is always correct. In this case, a shock to the Fed’s resid-
ual interpretation (after controlling for the market’s interpretation) is always unbi-
ased under the DGP: it implies the actual interpretation received the same shock.
Conversely, when g =0, = 1 and aD GP — 0, the market’s belief is always
correct. In this case, a shock to the Fed’s residual interpretation is always too large
under the DGP: it implies the actual interpretation received no shock. More gener-
ally, 37 = 1 implies that a shock to the Fed’s residual interpretation is on average
unbiased under the DGP, whereas 37 < 1 implies it is on average too large under
the DGP.

PROPOSITION 3: Consider the setup in Proposition 2. Suppose under the DGP
the correct interpretation 2" is drawn from (33) and the signal is drawn from

(32). Let BPF(y,x) = cov )

T denote the beta coefficient between two variables
under the DGP. Then, we have

va

o
BDGP(yH_h,Ai[) = 1= w(ﬁF _ 1).

A regression of the output gap y,,, on the interest rate shock Ai, produces the con-
ventional (negative) coefficient if and only if a shock to the Fed'’s residual inter-
pretation (after controlling for the market’s interpretation) is on average too large
under the DGP, ¥ < 1.

For intuition, recall from equation (29) that the interest rate shock is driven by
the Fed’s residual interpretation. Recall also that the Fed sets the interest rate to
achieve a zero expected output gap under its belief, EX [yt] = 0. If the Fed’s residual
interpretation shocks are on average unbiased under the DGP (3" = 1), then the
Fed’s residual belief revisions on average imply equivalent revisions under the DGP.
Therefore, a positive interest rate shock is on average followed by zero output gaps
also under the DGP. The interest rate shock is followed by negative output gaps only
if the Fed’s residual interpretation shocks (and the resulting residual belief revi-
sions) are on average too large under the DGP, 3 < 1. In this case, the magnitude
of the Fed’s surprise interest rate change is also a “mistake” under the DGP.

The following corollary characterizes the regression coefficient for the special
cases in which either the market or the Fed always has the correct belief.
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COROLLARY 1: If the market always has the correct belief, ¥ = 1,5 = 0,

h
eP" = 0, then " (3,1, Ai) = —lf—(p < 0. If instead the Fed always has the

correct belief, ' = 1,1 = 0,ePP = 0, then ﬁDGP(y,+h,Ai,) = 0.

This result provides further intuition for why a Fed belief surprise shock always
generates the conventional effects under the market’s belief (see Proposition 2).
Naturally, the market thinks its belief is the DGP. Therefore, the market thinks a
shock to the Fed’s residual interpretation is always too large, leading to excessive
belief revisions and “mistaken” interest rate decisions. Conversely, the Fed thinks
its belief is the DGP. So the Fed thinks its interpretation shocks are unbiased and its
interest rate decisions are appropriate to stabilize the output gap.'"

REMARK 5 (Fed Belief Surprises Driven by Communication): For concreteness,
we focused on the role of the policy rate announcements in conveying the news about
the Fed’s interpretation, uf. In practice, the Fed has many other mechanisms to
communicate its views, such as the official statements or the policymakers’ speeches.
If credible, these communications will have effects and policy implications similar
to those we have analyzed in this section.

V. Tantrum Shocks, Gradualism, and Communication

In this section, we investigate monetary policy shocks that are more damaging
than in the previous section and derive their policy implications. A key feature of
the analysis so far is that the Fed knows how the market will react to its policy
announcements. This allows the Fed to shock the interest rates “optimally” and
achieve its objective under its own belief, despite its disagreements with the market.
We next consider a setup in which the Fed is uncertain about how the market will
react to its announcements. This setup allows for tantrum shocks: policy announce-
ments can trigger an overreaction of the forward rates (relative to what is ideal under
the Fed’s belief). Tantrum shocks are damaging in the sense that the Fed misses its
output gap target even under its own belief. These shocks have two important pol-
icy implications. First, the fear of tantrum shocks induces the Fed to act even more
gradually than in our baseline model. Second, communication policies between the
Fed and the market can be useful to mitigate these tantrum shocks. To simplify the
exposition, we relegate the formal results in this section to online Appendix C, and
focus on the key equations and intuitions.

To capture tantrum shocks, we extend the baseline model to make the market
uncertain about the Fed’s belief change even after observing the current policy
rate. Fix a period ¢ and suppose in (only) this period the Fed and the market can
also disagree about the transitory demand shock, v,. Specifically, the Fed believes
v, ~ N(A v, O'%), whereas the market still believes v, ~ N(O, 03); see (9) Here,
AvF captures a change in the Fed’s belief about the short-term component of
demand. The Fed’s belief about the long-term component of demand might also

197n recent decades, the Fed and the market seem to have similar forecasting performance (see, e.g., Cieslak
2018; Bauer and Swanson 2020; Couture 2021), which suggests neither of them always has the correct belief.
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change due to the Fed’s interpretation of the public signal in period ¢. As in the pre-
vious section, the market does not observe the Fed’s interpretation.

These assumptions lead to a signal extraction problem: when the market sees a
one-dimensional policy signal in period ¢, such as the policy rate, it does not know
if the surprise in the signal reflects a short-term or a long-term belief change. The
market reacts to the signal according to its prior belief. Suppose the market’s prior
is that the Fed’s short-term belief change has mean zero and is drawn independently
of all other variables, Av/ ~ N(O, oﬁf). Recall also that the market thinks the
Fed’s long-term belief change, Ag/' = gl — EM [gf ], has mean zero and variance
(ws)z(l — pfl) o7; see (29). Then, standard Bayesian techniques imply that the
market interprets a one-dimensional belief signal according to the composite param-

(@)*(1 - pi) i
(w“)z(l — pi) O’i + o2
market’s reaction type. When 7 = 1, the market interprets the signal as a long-term
belief change, as in the baseline model. When 7 = 0, the market interprets the sig-
nal as a short-term belief change. The key assumption of this section is that the Fed
does not know the market’s reaction type .

(see online Appendix C). We refer to 7 € [0, 1] as the

eter, 7 =

Benchmark When the Fed Knows the Market’s Reaction.—As a benchmark, con-
sider what happens if the Fed knows 7. Proposition 5 in online Appendix C.1 shows
that the optimal interest rate in period 7 is given by

(34) i, = EMi] + (1 — mp)(Agl + AVE),
where
EMi] = p+ (1 —¢)EM|gl] + g

The expression EM [i]] captures the predictable part of the policy rate (determined
as in Proposition 1). When the Fed is more optimistic than the market predicts,
AglF 4+ AvF > 0, it adjusts the interest rate according to the market’s reaction
type, 7. If the market is reactive (7 = 1), the Fed hikes the policy rate by a fraction
of its optimism, as in the baseline model, because it expects the forward rates to
also increase. When the market is unreactive (7 = 0), the Fed hikes the policy rate
by the full amount of its optimism because it does not expect the forward rates to
increase. In either case, the Fed shocks the current and forward rates “optimally”
and achieves a zero expected output gap under its belief as before.

Mechanics of Tantrum Shocks.—We next turn to an extreme scenario in which the
Fed underestimates 7, which is useful to illustrate the mechanics of tantrum shocks.
Formally, suppose the Fed thinks the market is unreactive (7 = 0), whereas the
market is actually reactive (7 = 1). Suppose also that the market thinks the Fed
knows its type.

In this case, the Fed sets the interest rate according to (34) with 7 = 0, which
implies

(35) i, = EVi] + Agl + Avl.
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An optimistic Fed hikes the policy rate by the full amount of its optimism, because
it anticipates that the forward rates will not react to the rate hike. However, since the
market is reactive (and thinks the Fed knows this), it expects the Fed to set the policy
rate according to (34) with 7 = 1. Therefore, after observing the interest rate in
(35), the market extracts a large optimism signal that it attributes to a long-term
belief change, Eﬁ”[gﬂ i,] — Eﬁ”[gﬂ = (A gl Avf)/(l — ). Consequently, the
market’s expected interest rates and output gaps change by a large amount (see
online Appendix C.2 for derivations),

Agl +Avf 4
Tiog ¥ (1 =)

_Ang‘i‘AVf h
11— v

(36) AE i) =
(37) AEY 4] =

In fact, unlike in the baseline model, the Fed misses its output gap target in period ¢
even under its own belief,'"

Aglf 4+ AvE
(38) Efly|m = 1] = A ?’f@ )
illustrates these results. The interest rate hike raises the forward rates sub-
stantially more than the Fed anticipated when it set the policy rate (the top panel).
This implies that the expected output gap becomes negative even under the Fed’s
belief (the bottom panel).

In this extreme case, the Fed operates under the assumption that the market is
unreactive and will interpret its interest rate change as temporary. Thus, the Fed
is (ex post) surprised when the market is revealed to be reactive. While driven by
extreme assumptions (in particular, the Fed is confused about the market’s type), this
case might be relevant for episodes in which the market reacts to a policy decision
very differently than the Fed anticipated. One example is the 2013 “Taper Tantrum”
episode, where the market seems to have interpreted a one-time policy tightening as
the first installment of a tightening cycle.'?

Policy Implication of Tantrums: Gradualism.—We next investigate the pol-
icy implications of tantrum shocks. To analyze policy, we consider a less extreme
scenario: the Fed does not make a mistake about the market’s type but instead

"Here, Ef [y,| T = 1] denotes the Fed’s expected output gap for period ¢ once it observes the market’s actual
type. For subsequent horizons the Fed expects to hit its target, Ef| [fr+h |7 = 1] = Ofor h > 1, because the Fed
does not have a short-term belief change in those periods (by assumption) and the equilibrium is the same as in the
previous sections.

120n May 23, 2013, the day after Fed Chairman Bernanke’s testimony to Congress that touched off the “Taper
Tantrum” episode, the Wall Street Journal wrote: *“... The next step by the Fed could be especially tricky. One worry
at the central bank is that a single small step to shrink the size of the program could be interpreted by investors as
the first in a larger move to end it altogether. Mr. Bernanke sought to dispel that view, part of a broader effort by Fed
officials to manage market expectations. If the Fed takes one step to reduce the bond buying, it won’t mean the Fed
is ‘automatically aiming towards a complete wind-down,” Mr. Bernanke said. ‘Rather we would be looking beyond
that to seeing how the economy evolves and we could either raise or lower our pace of purchases going forward.
Again that is dependent on the data,” he said.” See, Hilsenrath, Jon, and Victoria McGrane. 2013. “Fed Leaves
Market Guessing” Wall Street Journal. https://www.wsj.com/articles/SB100014241278873246594045784989814
49291750 (accessed May 23, 2022).
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FIGURE 5. EXPECTED INTEREST RATE AND OUTPUT GAP RESPONSE TO A TANTRUM SHOCK

Note: The Fed becomes more optimistic (by 1 percentage point) and thinks the market is not reactive, 7 = 0, when
the market is actually reactive, 7 = 1.

sets the policy rate under uncertainty about the market’s type. The market knows
that the Fed is uncertain (so neither agent has incorrect views). In this case, the
equilibrium features milder tantrum shocks. Importantly, the anticipation of tantrum
shocks induces the Fed to change interest rates more gradually than in our baseline
model. As emphasized by Brainard (1967), since the Fed faces uncertainty about
how a change in the policy rate will affect the economy, it prefers to behave more
conservatively.

Formally, suppose the Fed believes (in period 7) that the market has the reactive
type, 7 = 1, with probability § € (0,1), and the unreactive type, 7 = 0, with prob-
ability 1 — 6. The market knows J. The rest of the model is as before. Proposition
6 in online Appendix C.3 shows that the optimal interest rate in period ¢ is given by
the following analogue of equation (34),

(39) i, = EMi] + (1 — &p)(Agf—l— Avf) where § > § = Efr].

The parameter 6 € (O,l) is the solution to a quadratic equation that we rel-
egate to the online Appendix. When the Fed is more optimistic than the mar-
ket expected, Agf+ AvF > 0, it hikes the interest rate according to a
weighted average over the cases in which the market is reactive and unreac-
tive. However, the Fed overweights the case in which the market is reactive rel-
ative to its perceived prior probability of this case, > J, which implies
1 —9dp < 1 —9dp where § = EﬂT], that is, the Fed hikes the interest rate more
gradually than in a “certainty-equivalent” benchmark in which the market’s reac-
tion type is certain and equal to the Fed’s ex ante expectation of the market’s type—
cf. (34).
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Related, and unlike the cases we have analyzed so far, equation (7) does not
apply: the Fed does not hit its output target on average. Instead, the Fed’s ex ante
expected output gap satisfies

(40) Ef5) = (6—6)e(Agh + AVY).

An optimistic Fed (with Agl’ + Avf > 0) induces a positive output gap on aver-
age under its own belief.

Why does an optimistic Fed hike the interest rate more cautiously and induce a
positive output gap on average? Intuitively, the Fed sacrifices the mean to reduce the
variance of the output gap (recall that the Fed minimizes EX [)7,2]) A cautious rate
hike reduces the variance because the Fed is uncertain about how its rate hike will
affect the output gap. If the market is reactive, the rate hike increases the forward
dy =1 .
7%[:” ] < —1.Thisis a

t
milder version of the tantrum shock illustrated in Figure 5. If instead the market

is unreactive, then the rate hike does not affect the forward rates and has a smaller

. dy|T =0 . .

impact on the current output gap, % = —1. Since the economy is more sen-
t

sitive to a rate hike when the market is reactive, an optimistic Fed overweights that

case in deciding how much to hike, 6 > §; see equation (4). By acting conserva-

tively, the Fed misses its output gap on average but it mitigates the tantrum shock

that exacerbates its miss when the market is revealed to be reactive.

rates and has a large impact on the current output gap,

Policy Implication of Tantrums: Communication between the Fed and the
Market—The possibility of tantrum shocks increases the Fed’s ex ante expected
gaps in (3). When the market is uncertain about the Fed’s belief, its reaction type T
becomes a key parameter for policy. This creates a natural role for communication
between the Fed and the market. First, the Fed can try to figure out the market’s
reaction type 7. Second, and perhaps more simply, the Fed can try to reveal its own
belief to the market—making the market’s reaction predictable as in the baseline
model and therefore eliminating the tantrum shocks. In an early and insightful anal-
ysis, Blinder (1998) emphasized this mechanism as the key benefit of central bank
communication:

Greater openness might actually improve the efficiency of monetary policy
... |[because] expectations about future central bank behavior provide the
essential link between short rates and long rates. A more open central
bank ... naturally conditions expectations by providing the markets with
more information about its own view of the fundamental factors guiding
monetary policy ..., thereby creating a virtuous circle. By making itself
more predictable to the markets, the central bank makes market reactions
to monetary policy more predictable to itself. And that makes it possible to
do a better job of managing the economy.

Proposition 7 in online Appendix C.4 formalizes Blinder’s insight. In our model
with two belief types, the Fed can reveal its belief by announcing the average inter-
est rate it expects to set in the next period in addition to the current rate. This result
provides a rationale for the enhanced Fed communication that we have seen in recent
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years, e.g., “forward guidance” or “the dot curve.” In our model, the role of these
policies is not to persuade the market—the market is opinionated. Rather, commu-
nication is useful because it helps reveal the Fed’s belief to the market, reducing the
chance of tantrum shocks in which the market misinterprets the Fed’s belief and
overreacts to policy announcements.

VI. Disagreements and Inflation

So far, we have assumed nominal prices are fully sticky, x = 0. In this section,
we consider the case with partial price flexibility, & > 0. We show that disagree-
ments affect the market’s expected inflation and create a policy trade-off for the Fed
that reinforces our earlier findings. In particular, the Fed accommodates the market’s
belief more than in the earlier sections with fully sticky prices. We further show that,
for optimal policy purposes, disagreements closely resemble the cost push shocks
in a textbook New Keynesian model. For simplicity, we focus on the baseline setup
from Section II in which agents know each others’ beliefs and “agree to disagree.”

In this section, inflation is determined by the New Keynesian Phillips curve
NKPC in ( ) 7, = kY, + BE [7r,+ 1] Similar to Sectlon III, we co M_]ecture an equi-
librium in which the Fed and the market both know E, [7rt+1} and E, [y,+l] before the
realization of the demand shock in period ¢. This implies equation (25) still applies,
EY[y) = Ef[y) + gV — g/ Combining this expression with the NKPC (for period
t+ 1), we obtain

(41) EX[m] = Efa[m] + R(Eﬁl[ﬁzﬂ] - Ef+1[§z+1])

= Ef+l[7rt+l] + ’i<g%l - gf+1>2

that is, the market can expect inflation or disinflation, Eﬁl[ﬂ,ﬂ] # 0, even if the
Fed sets expected inflation to zero according to its own belief. For instance, when
the market is more optimistic than the Fed, it expects positive output gaps (“too low
interest rates”) as in our earlier analysis. Expectations of positive output gaps trans-
late into expected inflation.

We next solve for the NKPC (for period 7) and obtain

(42) T = ’iyt‘f‘ﬁE [WH-I} = “%"‘ﬁE [ t+l[7Tt+1”

= Ky, + 5( [Et+1 7Tt+1” =+ ”‘P(g - gf))

13 There is an important caveat for this section. Until now we have referred to the private sector as the market,
because we think in practice financial market participants’ expectations, rather than households’ or firms’ expec-
tations, determine interest rates and asset prices (and households’ consumption decisions are affected indirectly
through asset prices). Instead, the new results in this section depend on the expectations of price setters, which in
practice correspond to a different set of agents, e.g., firms, workers, or labor unions. We ignore this distinction and
leave this dimension of heterogeneity for future work.
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The second line substitutes equation (41) along with Lemma 2. Since price setters
are forward looking, expected inflation in the next period creates inflationary pres-
sure in the current period as well, captured by SEM|[x, +1]- The extent of the infla-
tionary pressure depends on current disagreements, g/ — g, and on the persistence
of beliefs, . Consequently, when there are disagreements, the divine coincidence
breaks down: the Fed cannot simultaneously set average inflation and output to zero
(under its belief).

Next consider how the Fed trades off inflation and output. Similar to Section III,
we conjecture an equilibrium in which the Fed’s continuation value, EF [Vﬁl] , or
the market’s conditional belief about the subsequent inflation or the output gap,
E?l[ﬂt+1],E?4 [)7I+1], do not depend on the current policy rate i,. Then, the Fed’s prob-
lem (3) is effectively static and the optimality conditions imply

(43) Eﬂﬂt] = ﬁﬁﬁ?’[[ﬂ'&]],
(44) Ef[)%] = _,yfﬂzﬁgﬂﬂm]-

The Fed responds to the inflationary pressure by choosing a particular split between
expected inflation and expected output. The Fed focuses on stabilizing inflation rela-
tively more when it puts less weight on the output gap (smaller ) and when nominal
prices are more flexible (greater k).

Equations (42) and (43) provide a recursive characterization for the Fed’s
expected inflation,

Eﬂﬂ't] = 5 —:/Kuz ﬂ(Ey[EZ—I[WHl” + ’ﬂP(giM - gf))

We guess and verify that the solution is proportional to current disagreements,
EF [77,] = I (gf/l —gf ) for an appropriate coefficient IT”. Using this guess for
period ¢ + 1 along with Lemma 2, we verify the guess for period ¢ and obtain the
solution,

45 EF — HF M G F , h HF — ’yﬂ(p .
(45) t[”t] (gt gz) where —’H— 2 ~Be

Using equation (41), we obtain a similar expression for the market’s expected
inflation,

46) EMim] = TIM(g¥ — o). where T = I + o — _ 147
(46) EV[m] = 1Y(g) — gf), where ITY = 11" + 5 = . .
Y+ K2 =P

Using Lemma 2 once more, the market’s expected inflation for the next period is
given by,

(47) Eiw[ﬂﬂrl] = Eiw[Eﬁl[WzH” = HM()D(giW— gf)
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Each agent believes expected inflation is proportional to current disagreements.
When the market is more optimistic than the Fed, both the Fed and the market
expect positive inflation.

Finally, we solve for the market’s and the Fed’s expected output gaps
along the equilibrium path. Using equations (44) and (47) along with
EY'[5) = Ef[5] + g"1— g/, we obtain

2
48) EFf5] = TFlgM — of) with TF — "2 _
( ) tb’t] (gt gt) w1 74_%2_7&[) <
v+ &2)(1 — Byp)

49) E'[y| = TY(g! —gf) with TY = T* 1:<
( ) t[yt] (gt gt) w1 + ’}/+:"€2_’75§0

> 0.

When the market is more optimistic than the Fed, the Fed expects a negative output
gap but the market expects a positive output gap (consistent with the market expect-
ing positive inflation). The following result summarizes this discussion (see online
Appendix B.4 for the proof).

PROPOSITION 4: Suppose prices are partially flexible, x > 0. In equilibrium,
the Fed’s and the market’s expected inflation are given by equations (45)—(47) and
their expected output gaps are given by equations (48)—(49). When the market is
more optimistic than the Fed, g > gf, the market expects positive output gaps
and future inflation, EY [ﬂ > 0,EM [7r,+1] > 0, and the Fed responds by inducing
positive inflation and negative output gaps under its belief, EF [75] > 0,EF [y,] < 0.
Conversely, when the market is more pessimistic, g¥ < gF, the market expects neg-
ative output gaps and future disinflation, E [ﬁ,] < 0,EM [7?,+1] < 0, and the Fed
responds by inducing disinflation and positive output gaps under its belief, EF [7@]
< 0,Ef[y] > 0.

We next characterize the equilibrium interest rate and generalize our main result
from Section III. Taking the expectation of equation (2) under the Fed’s belief, we
obtain

(50) r= i — E?/I[Wﬂrl] =p+egl+ E?/I[)?,H] - Ef[yt]

Here, r, denotes the real interest rate the Fed targets to achieve its desired output
gap. The first three terms on the right side are similar to their counterparts with fully
sticky prices; cf. (6) The last term is no longer necessarily zero and captures the
Fed’s concerns with stabilizing inflation. Combining this expression with equations
(48) and (49) that characterize the output gaps, we obtain the following corollary.

COROLLARY 2: The real interest rate corresponding to the equilibrium in

Proposition 4 is
KA1 — ¢) ) .
v+ K2 =By
The interest rate reflects the market’s belief more than in the case with fully sticky
prices, i.e.,p € (go,l).

r,=p+(1—¢)gl + gl where = <1+
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For intuition, consider the case in which the market is more optimistic than the
Fed. In this case, the market expects inflation, E, 11 [7r, H] > 0, and the Fed targets
a negative output gap to respond to the inflationary pressure, E [y,] < 0. This
induces the Fed to set a higher real interest rate than in the baseline model—closer
to the level implied by the market’s optimistic belief. Conversely, when the market
is pessimistic and expects disinflation, the Fed targets a positive output gap to fight
the disinflationary pressure. This leads to a lower interest rate than before—closer
to the level implied by the market’s pessimistic belief.

This result reinforces our earlier analysis and provides a complementary reason
for why the Fed needs to accommodate the market’s belief. With fully sticky prices,
the market’s perceived monetary policy “mistakes” translate into expected future
output gaps. This exerts pressure on the current output gap (via the IS curve) and
forces the Fed’s hand. With partially flexible prices, perceived “mistakes” translate
into expected future inflation. This exerts pressure on the current inflation (via the
NKPC) and forces the Fed’s hand through a second channel.

Relationship to Cost-Push Shocks.—In the textbook New Keynesian model, the
NKPC is usually augmented with cost-push shocks: a catchall term for factors other
than output gaps (relative to an "efficient" benchmark) and inflation expectations
that might affect firms’ price setting. In our model, disagreements closely resemble
cost-push shocks from the Fed’s perspective. Therefore, our model inherits the opti-
mal policy implications of cost-push shocks.

To illustrate this connection, note that along the equilibrium path we have

[E,+1 (7 11] ] = EF[E,+1 7r,+1” (they are both equal to IIF (g, — g ))
Substltutlng this into equation (42), we obtain

T = Ky + ﬁEﬂWﬂrl] + u, where u, = ﬁ”@(gﬁw - gf)

Therefore, the NKPC under the Fed’s belief features an “as-if” cost-push shock—
even though the actual NKPC (under the market’s belief) features no such shock.
The as-if cost-push shock is positive, u, > 0 (respectively negative u, < 0) when
the market is more optimistic, g/ > g (respectively more pessimistic, gV < gf).
This provides a complementary intuition for Proposition 4.

Observe also that the as-if cost push shock follows an autoregressive process with
persistence ¢ (see Lemma 2). This implies a tighter relationship between our model
and the textbook model with cost-push shocks. In particular, the equilibrium is iden-
tical to a corresponding equilibrium analyzed by Clarida, Gali, and Gertler (1999)
with an appropriate as-if cost-push shock.

COROLLARY 3: Consider the equilibrium characterized in Proposition 4. The
Fed’s expected output gap and inflation are given by

Ef[it] = mut,
Ef[ﬂt] = mut where u, = ﬁmgp(gﬁ”— gf)
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These expressions are the same as equations (3.4) and (3.5) in Clarida, Gali, and
Gertler (1999) (after appropriately adjusting the notation).

This result implies that the optimal policy in our model shares some of the prop-
erties in Clarida, Gali, and Gertler (1999). In particular, the Fed can benefit from
committing to put a higher relative weight on inflation than implied by its own pref-
erences in (3) Intuitively, since inflation is forward looking, committing to aggres-
sively stabilize future inflation helps stabilize current inflation. We leave a more
complete analysis of the benefits of commitment in our setting for future work.

VII. Final Remarks

Summary.—We analyzed a macroeconomic model in which the Fed and the mar-
ket have opinionated disagreements about future aggregate demand. The key feature
of our environment is that the market expects the Fed to make “mistakes” (under
the market’s belief). The anticipation of future “mistakes” affects forward interest
rates and current output, and these effects induce the Fed to partially accommodate
the market’s belief to stabilize the output gap. In particular, the optimal policy rate
(“rstar”) reflects the extent of disagreement and the persistence of beliefs. Partial
price flexibility strengthens this result since perceived “mistakes” create inflationary
or disinflationary pressures that induce the Fed to accommodate the market’s belief
by even more. The Fed plans to implement its own belief gradually, as it expects the
market to learn over time and move closer to the Fed’s belief. At times, when the
market becomes more optimistic or more pessimistic than the Fed, the Fed initially
overshoots interest rates in the direction of the market’s view, but it also expects to
reverse this overshooting gradually. The Fed and the market disagree about future
interest rates, as in the data, because both agents expect the other agent to come to
their own belief.

The model generates microfounded monetary policy shocks because disagree-
ments change over time, as agents heterogeneously interpret new public data, and the
market learns the idiosyncratic part of the Fed’s belief from policy announcements.
Fed belief surprises arise when the market learns the Fed has a different belief than it
expected and revises its view of future “mistaken” interest rate changes. These sur-
prises affect financial markets like textbook policy shocks, but their implications for
subsequent economic activity depend on the DGP. If the Fed’s residual interpreta-
tion of data (after controlling for the market’s interpretation) is on average unbiased
under the DGP, then a positive interest rate shock driven by a Fed belief surprise is
followed by zero output gaps on average, despite the adverse reaction in financial
markets. The model also allows for more damaging shocks when the Fed is uncer-
tain about how the market will react to its policy announcements. Tantrum shocks
arise when the market overreacts to the Fed’s announcement, and they motivate
additional gradualism and communication policies that reveal the Fed’s belief. The
goal of communication is not to persuade the market, but to reduce the likelihood of
tantrum shocks in which the market misinterprets the Fed’s belief.

Broader Interpretations.—While we focus on disagreements about aggre-
gate demand, a broader interpretation of our model is that the Fed and the
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market disagree about the interest rate required to close future output gaps, i.e.,
about future “rstar.” In practice, there are many reasons for disagreements about
future “rstar” beyond the particular aggregate demand channel we emphasize.
For example, disagreements about future risk premia or discount rates, or even dis-
agreements about certain supply-side factors, could generate similar mechanisms.

Likewise, while we focus on disagreements about the state of the economy, rather
than on the policy framework or objectives, our model can capture certain types
of disagreements about “the policy reaction function.” In our model, the optimal
interest rate depends on expected future aggregate demand, and agents interpret dif-
ferently how current macroeconomic data will translate into future demand. Thus,
disagreements can stem from heterogeneous reactions to current data, such as the
current output gap or current inflation, not because there is disagreement on the
Fed’s objectives or tactics, but because agents disagree on the implications of the
current data for future activity. In particular, our model can naturally accommodate
“the Fed’s response to news” channel emphasized by the recent empirical work
on the origins of monetary policy shocks, e.g., Bauer and Swanson (2020); Sastry
(2019).

Clarifications.—The optimal policy we have characterized does not mean that
the Fed should “surrender” to the market and avoid surprises at all costs. Instead, the
optimal policy says that disagreements and surprises are normal, as long as the pol-
icy itself considers the effect of disagreement and surprises on output and inflation
stabilization. Concretely, suppose that the Fed (but not the market) receives divine
information that the long run “rstar” has risen by 100 basis points (bps). If the mar-
ket had received the same information or fully trusted the infinite wisdom (or divine
connections) of the Fed, the optimal policy would be to immediately hike the target
rate by 100 bps. Instead, in our environment the market is opinionated, so the Fed
knows that if it raises the rate by 100 bps in one shot, it will trigger a much larger
contraction in aggregate demand than it seeks. Thus, the Fed optimally raises the
target rate by only 25 bps today and it anticipates that it will continue raising rates
by 25 bps for three more meetings. This expected gradualism arises because the Fed
expects the future data to confirm its belief. The Fed thinks that, by the next meeting,
the market will update toward the Fed’s belief and will expect smaller “mistakes”
than it did after the previous hike, which will create more room for the Fed to raise
rates in subsequent meetings. Rather than “surrendering” to the market, the Fed
plans to implement its own belief more gradually.

While we illustrated the optimality of expected gradualism in a highly stylized
model that abstracts from many realistic ingredients, the essence of the argument
would extend to richer settings. For example, if there are dynamic linkages across
periods, e.g., due to investment, a Fed that is optimistic about the permanent com-
ponent of activity might need to engineer an even larger decrease in demand than
in our (quasi-static) model, but the Fed would still need to hike the policy rate by a
smaller amount than in the absence of disagreements. Similarly, if the transmission
from monetary policy to real activity has substantial delays, then the Fed may need
to front-load interest rate hikes (see Caballero and Simsek 2021a)—our insight in
this context is that the Fed, again, would need to front-load the interest adjustment
by less than in the absence of disagreements.
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Empirical Implications.—Our analysis speaks to the large empirical literature
that regresses output gaps or inflation on monetary policy shocks. For shocks driven
by Fed belief surprises, these regressions will uncover the conventional (negative)
coefficient if the Fed’s residual belief revisions about future aggregate demand (after
controlling for the market’s belief revisions) are on average too large under the DGP.
In particular, the coefficient is negative if the market has the correct belief, but it is
zero if the Fed has the correct belief. For tantrum shocks, the coefficient can be neg-
ative under both agents’ beliefs. While we do not test these empirical predictions,
our results are in line with the empirical findings that monetary policy shocks seem
to have a smaller effect on economic activity—and sometimes with flipped signs—
after the mid-1980s; see, e.g., Boivin and Giannoni (2006); Barakchian and Crowe
(2013); Ramey (2016). One interpretation is that greater central bank transparency
in recent years has made tantrum shocks rarer. It is also possible that the Fed’s belief
has become more accurate over time.

More broadly, our analysis is mostly qualitative, but it hints at several empirical
questions worthy of future exploration. To what extent does monetary policy accom-
modate the market’s beliefs? Does the degree of accommodation rise when these
beliefs are more persistent? Are policies more gradual when the Fed and the market
disagree (relative to situations in which they share the same view), or when the mar-
ket response to policy becomes more unpredictable? Are contractionary monetary
policy shocks more likely to occur when the Fed becomes more optimistic about
demand (and the market does not share this change of view)? Do disagreements
affect the market’s (price setters’) expected inflation and create inflationary pres-
sures that are similar to cost-push shocks?

Finally, we focus on monetary policy but our analysis also speaks to the broader
empirical literature on “economic policy uncertainty,” e.g., Baker, Bloom, and Davis
(2016). While policy uncertainty seems large in practice, its origins are not fully
understood. As a benchmark, imagine a benevolent policymaker that chooses a pol-
icy that maximizes a representative agent’s expected utility. If the agent’s preferences
were common knowledge, and the policymaker and the agent held common beliefs,
then the policymaker’s choice would be predictable and there would be no policy
uncertainty. The theoretical literature on policy uncertainty typically departs from
this benchmark by introducing uncertainty about the policymaker’s objectives, e.g.,
Péstor and Veronesi (2013). We show that disagreements and uncertainty about the
policymaker’s belief provide another rationale for policy uncertainty. In our model,
the policymaker (the Fed) maximizes a commonly known objective function under
its own belief, but the agent (the market) does not necessarily hold the same belief
and does not necessarily know the policymaker’s belief. The revelation of the poli-
cymaker’s belief induces policy shocks that affect financial markets and economic
activity. From an ex ante perspective, the agent’s uncertainty about the policymak-
er’s belief induces economic policy uncertainty.'4 We leave the broader implications
of this type of belief-driven economic policy uncertainty for future work.

“In the current paper, the market’s ex ante uncertainty about the Fed’s belief does not play a central role,
because the model is log linearized. In a companion paper, we analyze a nonlinear version of the model and study
how this type of monetary policy uncertainty affects the risk premia in financial markets.
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