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Abstract

Central banks (the Fed) and markets (the market) often disagree about the path of
interest rates. We develop a model that explains this disagreement and study its implications
for monetary policy and asset prices. We assume that the Fed and the market disagree about
expected aggregate demand. Moreover, agents learn from data but not from each other—they
are opinionated and information is fully symmetric. We then show that disagreements about
future demand, together with learning, translate into disagreements about future interest
rates. Moreover, these disagreements shape optimal monetary policy, especially when they
are entrenched. The market perceives monetary policy “mistakes” and the Fed partially
accommodates the market’s view to mitigate the financial market fallout from perceived
“mistakes.” We also show that differences in the speed at which the Fed and the market
react to the data—nheterogeneous data sensitivity—matters for asset prices and interest rates.
With heterogeneous data sensitivity, every macroeconomic shock has an embedded monetary
policy “mistake” shock. When the Fed is more (less) data sensitive, the anticipation of these

mistakes dampen (amplify) the impact of macroeconomic shocks on asset prices.

JEL Codes: EO00, E12, E21, E32, E43, E44, G11, G12
Keywords: Monetary policy, confident belief disagreement, learning, signaling, monetary
policy shocks, asset prices, aggregate demand shocks, the Fed’s dot plot, fed funds forward

curve, macro announcements, volatility and risk premium, data sensitivity.

*MIT and NBER. Contact information: caball@mit.edu and asimsek@mit.edu. We thank Chris Ackerman,
Marios Angeletos, Anthony Diercks, Arvind Krishnamurthy, Yueran Ma, Jaume Ventura, and the seminar partic-
ipants at CREI, Bocconi University, Yale University, Columbia University and Stanford GSB for their comments.
Caballero and Simsek acknowledge support from the National Science Foundation (NSF) under Grant Numbers
SES-1848857 and SES-1455319, respectively. First draft: 10/07,/2019



—— Effective FFR

== Forward curve on 03/20/2013
pmpmEnEEn Average dot curve on 03/20/2013
smmnEsEsn Average dot curve on 03/16/2016

imnnnnEnn Average dot curve on 03/15/2017 anane
o -| TerEEnnEE Average dot curve on 03/20/2019

pmnnnnEEn Average dot curve on 06/19/2019

T T T T
Mar2013 Mar2016 Mar2017 Mar2019

Figure 1: Each colored series plots, for select FOMC meetings, the FOMC average prediction
for future fed funds rates (dotted line) and the forward fed funds rates—extracted from futures
prices (solid line). The thin black line plots the effective fed funds rate.

1. Introduction

Figure plots the evolution of the fed funds rate over time (thin black line), along with predicted
paths. Dotted lines plot the average FOMC prediction and solid lines plot the forward rates
that reflect the financial market’s prediction. Each color-matched pair of lines plots data from
the same FOMC meeting. The figure shows large disagreements between the FOMC predictions
and the forward rates, especially around policy-inflection episodes. observes similar
disagreements in other countries where central banks publish their expected interest rate paths
(e.g., Sweden, Norway, and New Zealand)ﬂ

These disagreements about interest rates are difficult to explain with conventional macro-
economic models. The literature typically focuses on the Fed’s superior information about its
policy rule or economic activity (and its willingness to signal this information). However, Fig-
ure [I] shows that financial markets expect a different interest rate than the Fed even after the
Fed announces the interest rates it plans to set. Using the Blue Chip Financial Forecasts, we

document that this type of confident disagreement is a general feature of market participants’

!There are many adjustments one could make to Figure [1] while preserving its main qualitative features. The
most significant one is to remove the embedded risk premium from the forward curve. We chose not to do so
because there is a wide range of estimates for this premium. The most recent estimates by the Fed researchers
suggest that this adjustment is of the order of one basis point per month (positive in the pre GFC period and
negative after that), which is not nearly enough to eliminate the disagreements (see, e.g., Diercks et al.| (2019))).
Moreover, we have also found large disagreements between the Fed’s Greenbook projections and the professional
forecaster’ consensus (in both the Blue Chip Financial Forecasts and the Survey of Professional Forecasters).




beliefs (see Section . In particular, forecasters from major financial institutions seem to have
dogmatic and heterogeneous beliefs that they change only gradually—despite the fact that they
see all other forecasts (with a delay of one month). We conjecture that there is no reason to think
of the market’s overall disagreements with the Fed to be any different than the disagreements
among its major participants. In fact, market participants often have their own opinions and do
not necessarily consider the Fed to have superior information about the state of the economy.
To 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 journal 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 problemﬂ

In this paper, we build a model in which the market and the Fed have differences of opinion.
We use the model to explain the disagreements for the path of interest rates, and study its
implications for monetary policy and asset markets. Our key assumption is that the Fed and
the market disagree about expected aggregate demand. Moreover, agents learn from data but
not from each other—they are opinionated and information is fully symmetric. We show that
disagreements about demand, together with learning, translate into disagreements about future
interest rates. Moreover, these disagreements shape optimal monetary policy, especially when
they are entrenched. We also show that differences in the speed at which the Fed and the
market react to the data—heterogeneous data sensitivity—have important implications for how
asset prices and interest rates react to macroeconomic shocks.

Our model is set in discrete time. The supply side features a single factor (capital) with
nominal rigidities. The demand side features a representative household (the market) that
makes consumption-saving and portfolio allocation decisions. In each period, the economy is
subject to a shock that affects current spending without changing current productive capacity—
we refer to this as an aggregate demand shock. The Fed sets the risk-free interest rate in an
attempt to insulate the economy from aggregate demand shocks. However, the Fed sets the
interest rate under uncertainty about aggregate demand for the current period. This assumption
implies that the Fed cannot fully stabilize aggregate demand shocks. Instead, the Fed ensures
asset prices and output are equal to their potential (efficient) levels “on average” according to
the Fed’s belief.

In this environment, the Fed’s and the market’s beliefs for aggregate demand affect current
output. The Fed’s belief matters because the Fed sets the interest rate under uncertainty about

current aggregate demand. The market’s belief matters because it “sets” current asset prices

>The day after the FOMC meeting the Wall Street Journal wrote: “Some on Wall Street yesterday criticized
the Fed’s actions so far as inadequate. ‘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 yesterday, Mr. Greenlaw said.”



and output under uncertainty about future output. Our main assumption is that the market and
the Fed can have belief disagreements about the evolution of aggregate demand. Agents’ beliefs
are dogmatic in the sense that they know each other’s beliefs and agree to disagree. Agents also
learn over time: they update their beliefs as they observe realizations of aggregate demand.

These assumptions ensure that, when there is disagreement, the market expects the Fed to
make monetary policy “mistakes” (we occasionally 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). The
anticipation of these mistakes affects current asset prices and output. Therefore, to stabilize
current output, the Fed needs to account for belief disagreements.

To fix ideas, suppose that a persistent negative aggregate demand shock took place in the
recent past so that aggregate demand is lower than average. Suppose agents disagree on the
size of the persistent component of the aggregate demand shock: specifically, assume the Fed
is less pessimistic than the market. In this case, the Fed will expect higher aggregate demand
than the market both in the current period and in future periods. Knowing this, the market
thinks the Fed will set interest rates too high. In particular, the market expects asset prices
and output in future periods to be below the efficient level. The anticipation of these effects
also puts downward pressure on asset prices and output in the current period. Consequently,
to stabilize current asset prices and output, the Fed is forced to set a relatively low interest
rate. Even though the Fed is optimistic, it sets an interest rate that is somewhere between the
levels implied by its own (more optimistic) belief and the market’s (more pessimistic) belief.
Put differently, disagreements with the market “constrain” the Fed’s interest rate policy.

Our first result formalizes this logic and shows that the Fed’s optimal interest rate reflects
a weighted average of the Fed’s belief and the market’s belief. Moreover, the relative weight on
the market’s belief is greater when the agents are more confident in their initial beliefs (and
therefore learn more slowly).

We then explain the observed differences between the market’s and the Fed’s expectation
for future interest rates— “the forward curve” and “the dot curve”. Since agents learn from the
same data, they expect disagreements to decline over time. In particular, for sufficiently distant
horizons the forward curve reflects the market’s current belief whereas the dot curve reflects the
Fed’s current belief. Intuitively, the market thinks the Fed will learn from data and come to the
market’s belief. Hence, the market thinks the Fed will set future interest rates that are more
closely aligned with the market’s current belief. Conversely, the Fed thinks the market will learn
from data and come to the Fed’s belief. Thus, the Fed believes it will be less constrained in
future periods and will be able to set interest rates reflecting its current belief. Therefore, belief

disagreements and learning provide a natural explanation for the patterns in Figure

When agents have heterogeneous beliefs, they might also have heterogeneous data sensitivity:
that is, they might learn from the data at different speeds (and in fact, this might be why they

disagree). We show that this dimension of heterogeneity has clear implications for asset prices,



interest rates, and risk-premia. Specifically, when the Fed’s and the market’s beliefs react to the
data differently, demand shocks affect financial markets both directly, and indirectly because of
an embedded monetary policy “mistake”. Put differently, with heterogeneous data sensitivity,
every macroeconomic shock has an embedded monetary policy “mistake” shock.

To illustrate these effects, suppose the Fed becomes more data sensitive than the market
(holding the market’s sensitivity constant). In this case, a positive shock increases the Fed’s
optimism relatively more than the market’s optimism, which means that the market expects
the Fed to respond to the shock by setting interest rates “too high” in the future. Expecta-
tions of high interest rates dampen the direct effect of the shock on current asset prices. As
a consequence, the shock translates into an amplified effect on the dot and forward curves (as
well as on the gap between them) and a dampened effect on asset prices. Conversely, if the Fed
becomes less data sensitive than the market (holding the market’s sensitivity constant), then
demand shocks have a smaller effect on the dot and forward curves but an amplified effect on

asset prices.

Our main model isolates disagreements in an environment with symmetric information, while
(as we mentioned) the bulk of the literature on monetary policy with imperfect information
focuses on the Fed’s superior information and its signaling motive. We extend our model to
incorporate the signaling channel and show that it does not change our main insights, except for
extreme cases of infinitely superior information by the Fed or infinite underconfidence in initial
beliefs. Perhaps more interestingly, we show that the interaction of the signaling channel with
the disagreement environment adds an extra layer of complexity to monetary policy: the Fed
now needs to consider that it may face a disagreeable market. In particular, the Fed’s attempt

to signal the state of the economy through interest rate policy may backfire.

The rest of the paper is organized as follows. After discussing the related literature, we
start in Section [2] by documenting facts about interest rate disagreements among forecasters
that motivate our modeling ingredients. Section [3|introduces our environment and describes the
equilibrium conditions. Section [d] provides benchmark results without disagreement. Section [f]
analyzes the case with heterogeneous beliefs but common confidence (or data sensitivity). This
section shows that disagreements affect optimal monetary policy and (together with learning)
explain the gap between the forward curve and the dot curve. Section[6analyzes the more general
case that features heterogeneous confidence as well as heterogeneous beliefs. This section shows
that heterogeneous data sensitivity changes the effect of macroeconomic shocks on asset prices
and interest rates. Section [7] considers an extension in which the Fed has superior information.

Section [§] provides final remarks, and is followed by several appendices.

Literature review. Our paper is related to an extensive literature on the signaling effects
of monetary policy. The overarching idea is that the Fed has better information about its own

belief or fundamentals than the market has, and both agents know this. The earlier literature



focuses on how to design a transparent communication strategy that minimizes abrupt surprises
(see, e.g., [Poole et al| (2000); Blinder et al. (2008)). The more recent literature emphasizes
that policy announcements reveal information about fundamentals and focuses on “cleansing”
monetary policy shocks from this information effect (see, e.g., Campbell et al.| (2012); Ramey
(2016)); Nakamura and Steinsson| (2018); |/Andrade et al. (2019); Jarocinski and Karadi (2020))).
In order to isolate our insights, our main model removes all of the—clearly realistic—signaling
mechanisms. Therefore, we do not assume the Fed has superior information and instead model
a situation in which both agents know what the other knows but process data differently.

An interesting strand of this literature documents that “high-frequency monetary policy
surprises”—commonly used for identification purposes—are actually predictable from informa-
tion publicly available before the announcement. Miranda-Agrippino (2016|) documents this fact
and interprets it as the market and the Fed having heterogeneous beliefs, and [Miranda-Agrippino
and Ricco (2018]) develop a model in which belief heterogeneity emerges from imperfect infor-
mation and noisy signaling. More recently, [Sastry| (2019)) shows monetary policy surprises are
predictable from public sentiment indicators, but he finds limited evidence of the signaling effect
of these surprises once he controls for their predictable component (from sentiment indicators).
Instead, his evidence suggests the Fed’s belief responds more to public sentiment than the mar-
ket’s belief; and the market agrees to disagree with the Fed at the moment of the surprise but
then gradually learns over time that the Fed was indeed better informed about these predictable
shocks. This evidence is consistent with the key ingredients of our model, disagreements and
learning from data, although we don’t take a stand on who has a better track record.

Our paper is also related to an empirical literature documenting the large impact of monetary
policy shocks on asset prices and the term structure of interest rates (e.g., Bernanke and Kuttner
(2005)); \Giirkaynak et al.| (2005a.b); [Hanson and Stein (2015]); Nakamura and Steinsson! (2018]);
Goodhead and Kolb (2018)). Our model features some of the asset price behaviors identified
in this literature. However, our focus is not so much on monetary surprises initiated by the
Fed, but on the market’s anticipation of the Fed’s response to macroeconomic shocks. In this
sense, our paper is connected with the extensive empirical literature documenting the response
of asset prices to macroeconomic announcements. Specifically, this literature documents that
these responses are time-varying and depend on stages of the business cycle and the expected
impact on future interest rates (e.g., Gilbert et al.| (2010)); |Goldberg and Grisse| (2013)). Our
model both embeds the anticipation of policy responses documented in this literature and shows
the mechanisms by which belief disagreements influence these responsesE]

Our policy analysis contributes to a growing literature that analyzes optimal macroeconomic
policy without rational expectations (see|Woodford| (2013) for a review). This literature typically

assumes the planner is rational but agents are boundedly rational due to frictions such as learning

3There is a complementary empirical finance literature that focuses on the impact of uncertainty about future
macroeconomic policy on the current disagreement among investors, and on how these features can affect the
term structure of interest rates and the risk premia (see, e.g.,|Giacoletti et al.| (2020])).



(e.g.,|[Evans and Honkapohja (2001)); [Eusepi and Preston| (2011))), level-k thinking (e.g., Garcia-
Schmidt and Woodford| (2019)); Angeletos and Sastry| (2018])), or cognitive discounting (Gabaix
(forthcoming))ﬂ 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 fully understand how those states map into endogenous outcomes. These assumptions lead
to a different policy analysis and results. In our setting, the Fed’s main non-standard concern
is to mitigate the macroeconomic impact of the monetary policy “mistakes” perceived by the
market.

Our normative analysis is also related to a literature that evaluates whether expanding
standard monetary policy rules to incorporate financial markets’ indicators is useful (e.g., Smets
(1997); Bernanke and Gertler| (1999)); Bullard et al. (2002)). The nature of these models is very
different from ours and they do not consider disagreements. An exception is[Stein and Sunderam
(2018)), who assume the Fed has private information and perceives a (financial stability) benefit to
reduce the volatility of bond prices (beyond the volatility implied by macroeconomic stability).
In their setup, the Fed changes the short-term interest rate gradually to keep the long-term
interest rates more stable, but this attempt backfires because the market correctly infers the
implied relationship between short and long-term rates. They conclude that the Fed should
ignore the bond market. That is, they argue the Fed should ignore the impact of its information
revelation on the bond market. We focus on a problem that is orthogonal to theirs, as our model
captures situations in which the market does not consider the Fed to have private information
and the Fed’s primary goal is macroeconomic stability. In these situations, the Fed should pay
attention to the bond market (when the implied rate differs from its own belief), since not doing
so would increase the volatility of asset prices and aggregate demandﬂ

Our analysis of the Blue Chip data is related to a growing 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.| (2018); [Broer and Kohlhas| (2018); |Angeletos et al. (2020); Ma et al.| (2020)). In
contrast, we focus on agents’ disagreements and their reaction to each other’s beliefs. We provide
evidence for confident disagreement: forecasters’ beliefs are persistent and largely insensitive to
the consensus belief. We also show that, as in our model, beliefs about the interest rate correlate

with beliefs about aggregate demand (proxied by the GDP price index or the real GDP).

4 A closely related literature assumes agents are also rational but lack common knowledge of each other’s beliefs,
and illustrates how the resulting coordination problems can lead to aggregate behavior that resembles some forms
of bounded rationality (e.g., [Woodford| (2001)); |[Angeletos and La’Ol (2010); Morris and Shin| (2014)); |Angeletos
and Lian| (2018); |/Angeletos and Huol (2018).

°This result is related to|Vissing-Jorgensen| (2019). She argues that market beliefs do influence actual monetary
policy decisions, and goes on to postulate that FOMC members know this and use their speeches to influence
markets. Our object of interest and model are different from hers.



Finally, this paper is related to our previous work on risk-centric macroeconomics (Caballero
and Simsek (forthcoming), [2019))). There we also focus on shocks that affect asset prices and on
a Fed that reacts to these shocks in order to limit their transmission to aggregate demand. The
distinctive feature of this paper is our focus on disagreements between investors and the Fed,
whereas our previous work analyzes disagreements among investors and the speculation that

these disagreements generate.

2. Interest rate disagreements: Some facts from forecasters

Our model is built on the observation that disagreements on expected interest rates are driven by
disagreements about expected aggregate demand. Moreover, we assume confident disagreement:
that is, agents have dogmatic beliefs and do not consider the other agent to have superior infor-
mation. In this section, we present evidence for these modeling ingredients from disagreements
among professional forecasters. We focus on disagreements among forecasters to exploit the high
quality and forecaster-level data on beliefs, which we do not have for the Fed. Our presumption
is that the beliefs’ traits observed across forecasters (major financial institutions) should also
carry over to the Fed.

Specifically, we measure 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 including the current quarter. We
focus on the Fed funds rate (reported as the quarterly average)—which captures beliefs about
the policy interest rate; and the GDP price index as well as the real GDP (reported as the
annualized quarterly growth rate)—which proxy for beliefs about aggregate demand. We analyze
predictions for the third quarter (beyond the current quarter) but the results are similar for other
horizons. Our sample runs from January 2001 until February 2020.

Figure [2] illustrates the consensus (average) prediction together with the predictions from
two major institutions: Goldman Sachs and Bear Stearns (until its failure in 2008). The panels
show that higher interest rate predictions are typically associated with higher aggregate demand
predictions (proxied by the GDP price index). In the early 2000s, Goldman Sachs and Bear
Stearns were both more pessimistic about aggregate demand and predicted lower interest rates
than the consensus. In the mid 2000s, both institutions turned more optimistic about demand
and predicted higher interest rates. In the run-up to the financial crisis of 2008, Goldman Sachs
became more pessimistic about demand and predicted lower interest rates; whereas Bear Stearns
remained optimistic and predicted higher interest rates (until it eventually failed in early 2008).
After the crisis, Goldman Sachs remained pessimistic and predicted low interest rates during
the zero lower bound and the lift-off episodes (until recent years).

Importantly, Figure [2| also highlights that relative predictions are quite persistent. This per-
sistence is difficult to reconcile with dispersed information: forecasters see each other’s prediction

as well as the consensus prediction (with a delay of one month) and yet they largely stay with
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Figure 2: Select Blue Chip predictions for the Fed funds rate (top panel) and the GDP price
index (bottom panel).

their own prediction. Rather, the persistence of predictions suggests confident disagreement: as
in our model, forecasters seem to have dogmatic beliefs that they change only gradually.

We use regression analysis to show these observations more systematically. We first establish
that higher interest rate predictions are associated with higher aggregate demand predictions.
Specifically, we regress the Fed funds rate prediction on the GDP price index or the real GDP
prediction, controlling for month and forecaster fixed effects. The first three columns of Table
illustrate that the coefficients are positive and significant. The coefficient for the GDP price index
is larger and more significant—this is expected since nominal prices provide a more accurate
proxy for aggregate demand than real output (which might also be driven by aggregate supply).

We next establish that interest rate predictions are persistent in a way that suggests con-
fident disagreement rather than dispersed private information. With confident disagreement,
predictions are correlated with their own past values. With dispersed private information, pre-
dictions instead are correlated with the consensus prediction’s past values—assuming the con-
sensus aggregates the dispersed information. We therefore run a “horse race” where we regress
the Fed funds rate prediction on its one-month lag and the consensus prediction’s one-month
lag, controlling for forecaster fixed eﬁ'ectsﬁ The fourth column of Table [1| shows that confident

disagreement wins this horse race: the lagged own prediction has a much larger impact than the

®We exclude month fixed effects from this regression, since including them would absorb the effect of the
consensus prediction.



Table 1: Correlates of interest rate predictions
Fed funds rate (FFR) prediction
(1) (2) (3) (4) () (6) (7)

GDP price index prediction 0.11** 0.11%* 0.04**
(0.02) (0.02) (0.01)
Real GDP prediction 0.03*  0.03+ 0.01+
(0.02) (0.02) (0.01)
FFR prediction last month 0.69%*  0.69**  0.69%* 0.68**
(0.03)  (0.03) (0.02) (0.02)
FFR consensus last month 0.29%*  -0.17**
(0.03)  (0.06)
FFR futures last month 0.47%*
(0.06)
Time FE Yes Yes Yes No No Yes Yes
Forecaster FE Yes Yes Yes Yes Yes Yes Yes
R? (adjusted, within) 0.03 0.00 0.03 0.96 0.97 0.48 0.49
Forecasters 110 111 110 108 108 108 107
Months 230 230 230 229 226 229 229
Observations 10,365 10,645 10,363 10,370 10,244 10,370 10,052

Note: The sample is an unbalanced panel of monthly Blue Chip forecasts between 2001-2020. Predictions and
futures are for 3 quarters ahead. FFR is the quarterly average (percent) and the GDP price index and the real
GDP are annualized quarterly growth rates (percent). Estimation is via OLS. Standard errors are in parentheses
and clustered by forecaster and month. +, *, and ** indicate significance at 0.1, 0.05, and 0.01 levels, respectively.

lagged consensus prediction (and adding more lags does not change this result).

In the horse-race regression, the lagged consensus also has a significant effect. While this
might be driven by dispersed private information, it might also reflect other public signals that
correlate with the consensus. To investigate, we control for the one-month lag of the Fed funds
futures rate for three quarters ahead (the same quarter as the predictions)[] The fifth column
shows the lagged futures rate has a larger effect than the lagged consensus. Moreover, once
we control for the futures, the coefficient on the consensus changes signs (most likely due to
collinearity). In contrast, the coefficient on the lagged own prediction is robust to including
lagged futures (fifth column), month fixed effects—that capture forecasters’ common reaction
to all signals (sixth column), and the current own prediction for the GDP price index and the
real GDP (the last column).

In sum, Table [1| shows that the results illustrated in Figure [2| hold more systematically.
Interest rate forecasts correlate with aggregate demand forecasts. Forecasts also feature confident
disagreement: forecasters seem to have dogmatic beliefs that they change only gradually. We
next turn to our theoretical analysis, where we equip the Fed and the market with beliefs that

satisfy these features and investigate the implications for monetary policy and asset prices.

"We obtain the futures rate for the quarter by averaging the implied futures rates for the months in the quarter.

10



Timeline within period ¢
Tim(i

Potential output is realized, log A; = log A;_1 + g:_1 Rep. household (market) chooses

consumption and portfolio ¢, w:

The Fed sets 'r{ gt, growth for potential output in next period is realized Output and asset prices
We refer to g: as the “aggregate demand” in period t are determined y;, g;

i € {F, M} believes
un~ N, (CH)IZ) | g: = g+ u+ v, where v, ~ N(0,%) Beliefs about « are updated

Figure 3: The timeline of events and the summary of the model.

3. Environment, equilibrium, and beliefs

In this section we introduce the basic environment, define and characterize the equilibrium, and
describe the evolution of beliefs. We start with a brief overview of our model. The economy
is set in discrete time with periods ¢t € {0,1,...}. There is a single consumption good and a
single (and exogenous) factor of production—capital. There is no investment and depreciation
and capital is normalized to one unit. Potential output is given by A;. Actual output, ¥, can
deviate from this level due to aggregate demand shocks and nominal rigidities.

The Fed sets the risk-free interest rate with the objective of keeping output close to its
potential level. There is also a representative household (the market) that makes consumption
and portfolio allocation decisions. We assume the Fed sets the interest rate for each period before
observing the aggregate demand shock for that period. This implies that the Fed’s expectation
about aggregate demand affects the interest rate policy. Our key assumption is that the market
and the Fed can have heterogeneous beliefs regarding the evolution of aggregate demand shocks.
Our goal is to understand how disagreements between the market and the Fed affect equilibrium
outcomes.

Figure [3] illustrates the timeline of events within a period. In the first phase, the Fed sets
the risk-free interest rate. In the second phase, a shock that determines aggregate demand
within the period is realized. Beliefs about aggregate demand are updated. In the third phase,
the market chooses optimal allocations, markets clear, and the equilibrium levels of output and
asset prices are determined. Throughout, we denote the Fed and the market with the superscript

i € {F,M}. We use E}[] and var[] to denote agent i’s expectation and variance in period ¢

before the realization of shocks (in the first phase), and we use Ei [] and Ta7: [-] to denote the

corresponding beliefs after the realization of shocks (in the last phase).

Capital utilization and potential output. The rate of capital utilization in period t is

endogenous and denoted by 1, > 0. When utilized at this rate, capital produces

Yt = M Ag. (1)

11



We assume the Fed targets a particular level of utilization, normalized to one, n, = 1. Hence
y: = A; captures potential output. Actual output can be above or below this level due to
aggregate demand fluctuations. For analytical tractability, in the main text we assume capital
utilization is costless. In particular, we do not model the welfare loss from utilizing capital above
potential (n, > 1). In Appendix |B| we show that our analysis and results naturally extend to
a setting in which capital utilization is costly and 1, = 1 corresponds to the efficient level of

utilization (under an appropriate normalization)ﬁ

Aggregate demand shocks. Potential output follows the process
log Ay 1 = log Ay + g4 (2)

Here, g¢ denotes the growth rate of potential output (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: log A; =
log A;—1+g¢—1 and g;_1 is already determined. However, there is uncertainty about the potential
output for the next period, g;. As we will see, ¢g; has a one-to-one effect on aggregate spending
in period ¢ (see Eq. and the subsequent discussion). Hence, for the rest of the paper, we
refer to g; as the aggregate demand shock in period tﬂ

Uncertainty and belief structure. We assume aggregate demand follows

gt = g+ u+ v for each t, (3)

where v; ~ N (0,%) for each ¢ and independent across ¢.

The term g captures the baseline level of aggregate demand. The random variable v; captures
transitory shocks to aggregate demand. These shocks are i.i.d. across periods with a Normal
distribution. The term u is an unknown parameter that captures a one-time persistent shock to
aggregate demand. It is realized at the beginning of the model but it is not observed by agents
(see Figure [3)).

Agents have heterogeneous prior beliefs about the unknown component of aggregate demand.

8Specifically, we assume that a higher utilization rate leads to faster depreciation of capital. This setup is
slightly less tractable and requires a linear approximation. With this approximation, we obtain an equilibrium
characterization (see Appendix that is very similar to the characterization that we present at the end of
this section (see Section . Consequently, our qualitative results also apply in the extended model with costly
utilization.

9Put differently, we focus on “news shocks” as a source of aggregate demand fluctuations (see Lorenzoni| (2011)
for a review). In|Caballero and Simsek| (forthcoming)), we illustrate how changes in actual news about the future
(gt) generates similar macroeconomic effects as changes in perceived news (“noise”), actual or perceived risk,
or risk aversion. There, we refer to these shocks as “risk premium shocks” since we focus on fluctuations that
originate in financial markets and that are reflected in the valuations of risky financial assets. In this paper,
we broaden the interpretation (and thus the terminology) to include aggregate demand fluctuations that do not
necessarily originate in financial markets, e.g., changes in consumer sentiment.
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Specifically, at the beginning of period 0, each agent i € {F, M} believes the unknown component

is distributed according to a Normal distribution,
u~ N (ué, (Cé)_l E) . (4)

Here, u% denotes the perceived mean and (Cé)_l Y denotes the perceived variance for agent i.
The parameter C} is a measure of the agent’s confidence in its initial belief. As we will see, this
parameter governs the rate at which the agent’s belief reacts to data: specifically, it is an inverse
measure of data sensitivity.

The key assumption is that the beliefs, (ug , C{ ) and (ué\/f , Cé\/[ ), are not necessarily equal:
that is, the market and the Fed can have different expectations or different confidence. We
assume agents know each other’s beliefs but “agree to disagree” (see Section [7| for a version of
the model with heterogeneous information).

While agents disagree with one another, they both learn from the data. Specifically, in each
period, the realization of aggregate demand provides the agents with a noisy signal about the
persistent shock, g: — g = u + v;. Agents combine this data with their prior beliefs in to
form their posterior beliefs according to Bayes’ rule. Hence, agents are “rational” given their
initial beliefs. Nonetheless, we view agents’ heterogeneous initial beliefs as resulting from a
possibly misspecified learning model that we leave unmodeled for simplicity. One possibility is
that agents receive public signals that are informative about u, but they interpret these signals
differently, e.g., the Fed puts more weight on one signal whereas the market puts more weight

on another signal.

Assets. There are two types of assets. There is a risk-free asset in zero net supply. We denote
the one-period-ahead log return on the risk-free asset with r{ . There is also a “market portfolio”
that represents claims to output. We denote the ex-dividend price of the market portfolio with
Qi A¢, so that Q; corresponds to the ex-dividend price per unit of potential output.

We define the log price per potential output as ¢; = log )¢, and the one-period-ahead log

return of the market portfolio as

+ A
reert = log Yt+1 Q?;;;l asy (5)

Note that the market return depends on the endogenous output and asset prices that will obtain

in the next period.

Preferences and portfolio choice. The representative household (the market) makes de-

cisions after observing each period’s shocks and the interest rate (see Figure [3)). The market
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maximizes expected time-separable log utility according to its own belief,
Ei\/f Ze‘pflog el - (6)

Here, e™” denotes the one-period discount factor and the overline notation captures the timing
within the period (after the shock and the interest rate decision). In every period, the market
observes its wealth, y; + Q+As, and chooses how much to consume, ¢, and what fraction of its
unspent wealth to allocate to the market portfolio, w; (with the residual fraction invested in the
risk-free asset). We state the market’s problem formally in Appendix

Equilibrium in asset markets. Asset markets are in equilibrium when the market allocates

all of its wealth to the market portfolio,
Wy = 1. (7)

Nominal rigidities and equilibrium in goods markets. The supply side of our model
features nominal rigidities similar to the standard New Keynesian model. We relegate the
details to Appendix [A-1.2] There is a continuum of monopolistically competitive production
firms that own the capital stock and produce intermediate goods (which are then converted into
the final good). For simplicity, these production firms have set nominal prices that never change.
The firms choose their capital utilization rate, i, > 0, which leads to output y; = 1, A4;. In the
main text, we assume firms can increase their factor utilization for free. These features imply

that output is determined by aggregate demand for goods (consumption):

Yt = Ct. (8)

All output accrues to production firms in the form of earnings. Hence, the market portfolio is a

claim on all production firms.

Monetary policy. Since goods prices do not change, the real interest rate is equal to the
nominal interest rate, which is controlled by the monetary authority (the Fed). The Fed attempts
to replicate log-potential output, which (by assumption) corresponds to y; = A;. However, the
Fed might not be able to perfectly achieve its target because it sets the interest rate before
observing the shocks within the period (see Figure [3)). The Fed replicates the potential output

on average according to its own beliefs. Specifically, the Fed sets r{ to ensure that

Ef Nlog 4] = log Ay. (9)

Targeting the average of the log-output (as opposed to the level) provides analytical tractability.
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Definition 1. An equilibrium is a collection of stochastic processes for allocations,
[A¢, Ye, ¢, Wi, Jieg, and prices, Qt,rf,rt7t+1, such that potential output evolves according to ,
the one-period-ahead return on the market portfolio is given by , the market mazrimizes ex-
pected utility according to its own belief (cf. Eq. @ and Appendiz , asset markets clear
(cf. Eq. (7)), production firms mazimize earnings (cf. Appendiz[A.1.3), goods markets clear (cf.
Eq. ), and the Fed sets r{ to ensure output is equal to potential output on average according

to its own belief [cf. Eq. (9)].

We next present a generally applicable characterization of the equilibrium. In subsequent

sections, we use this characterization to describe the equilibrium for different specifications of
beliefs.

3.1. Equilibrium in the goods market

We start by establishing the equilibrium conditions in the goods market. Log-utility implies the
representative household consumes a fraction of its lifetime income (see Appendix for a
derivation):

= (1—eP)(y+ Qidy). (10)

Combining this expression with Eq. , we obtain

1—e7”
Yt =

o QtAs. (11)
We refer to this equation as the output-asset price relation. Combining this relation with Eq.
@, we further obtain

6_’0

1—e P

E{ [q:] = ¢* where ¢* = log (12)

We use ¢ = log @; to denote the log price per potential output. Output and asset prices are
related through a wealth effect. Therefore, monetary policy can be thought of as stabilizing asset
prices. The Fed targets the average log price per potential output, ¢*, which is the level that
ensures output is equal to its potential.

Using the output-price relation in Eq. , we can also write the payoff from the market

portfolio as

Yir1 + Qir1Ai41 = €’ Qri1 A1

Substituting this payoff into Eq. , we obtain the following expression for the equilibrium

return on the market portfolio:

Q11 At+1

0.4, =p+ 9t + qt+1 — G- (13)

re41 = log

The one-period-ahead return on the market portfolio depends on the dividend yield, p, on the

15



(known) growth rate, ¢;, and on the log-change in asset prices between the current period and

the next period, qir1 — g¢-

3.2. Equilibrium in asset markets

We next establish the equilibrium conditions in asset markets. We derive the representative
household’s portfolio optimality condition in Appendix[A.T.1] After substituting the equilibrium
requirement, wy = 1, portfolio optimality implieﬂ

—M var! [ry 141]

By ] = rf + ST (14)

In equilibrium, the discount rate (or the required return) on the market portfolio depends on the
risk-free rate and the risk premium. As usual, the risk premium is proportional to the variance
of the return on the market portfolio.

Combining Egs. and , we obtain an expression for the price of the market portfolio:

qt B)

M
var [Qt—&—l]
= p+qg+ Et]\ﬁl [qe41] — T{ - 7”; :

M
—M varM [ry 101
p+at+E, [q+1] — (7{ + t[tH])

(15)

Here, the second line uses Eq. to calculate the variance of the one-period-ahead return.
We also substitute agents’ end-of-period expectations in period ¢ with their beginning-of-period
expectations in period ¢ + 1 (since no new information arrives between the last phase of period
t and the first phase of period t + 1—see Figure |3)).

Eq. illustrates that the equilibrium price increases one-to-one with the potential growth
rate, g;. Together with the output-asset price relation (cf. Eq. ), this implies aggregate
spending increases one-to-one with g;. This is why we refer to g; as the aggregate demand in
period t.

Next note that the Fed sets the interest rate to ensure Ef [¢;] = ¢* [cf. Eq. (I2)]. Combining
this observation with Eq. , we solve for the interest rate as

Eip [UW%1 [Qt+1]]

rl =p+ B (9] + Ef [EY la] — ¢7] - 9

(16)

This expression illustrates that the Fed sets a higher interest rate when it expects greater
aggregate demand, Ef [g;]. More subtly, the Fed also sets a higher interest rate if it expects
the market to be more optimistic about the one-period-ahead risk-adjusted asset price (higher
EF [EM, [gi41]] or lower EF [var}; [g:+1]]). As illustrated by Eq. (15)), the market’s optimism

about future asset prices increases asset prices in the current period, and the Fed increases the

10T his expression also requires that the one-period-ahead market return follows a log-normal distribution, which
applies in the equilibria we consider.
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interest rate to offset this price increase. This mechanism plays an important role in our main
results.
Substituting Eq. into Eq. , we solve for the equilibrium price as

@ = ¢ +g—Ef g (17)
1
+ (BM o] — EF [EN ) lan]]) - 3 (variyy laes1] — Ef [varty [ge1]]) -

This expression illustrates that the equilibrium price depends on surprises relative to the Fed’s
expectations. The first line concerns surprise shocks to aggregate demand, g;. When aggregate
demand is higher than the Fed expected when it set the interest rate, the price is higher than
q*. The second line concerns surprises to the market’s expectation about risk-adjusted asset
prices in the next period. When the market’s expected price is higher (or its expected variance
is lower) than the Fed expected it to be, then the equilibrium price is higher than g¢*.

Eqgs. and , together with Eq. , provide a generally applicable equilibrium
characterization. In subsequent sections, we solve these equations for various specifications of

agents’ beliefs.

3.3. Bayesian updating of beliefs

As Egs. and suggest, the equilibrium depends on agents’ conditional beliefs about
aggregate demand, g;. In our setting, these beliefs are non-trivial since agents learn over time.
We next characterize agents’ belief updating, which simplifies the subsequent analysis.

Recall that agent i starts with the belief, u ~ N (ué, (Cé)fl E). In each period, she receives
a signal about the shock, g — ¢ = u + v, and updates its belief according to Bayes’ rule.
Therefore, at the beginning of each period t, the agent believes u ~ N (uff, (Cg)fl Z‘), where
. Coup +1 (g1 — 9) —

9z
Uy :
! Ci+t

Lt —1
=0

where g, | =

Here, g,_; denotes the average realization of aggregate demand up to (but excluding) the real-
ization in period t. The agent’s belief converges in probability to u. She eventually learns the un-
known component of aggregate demand. The variance of agents’ posterior belief is (Cé + t) ! DI
which illustrates that agents’ confidence grows over time (that is, their parameter uncertainty
declines over time).

Given the agent’s belief about u, we can calculate its belief about aggregate demand, g, =
g + u + v;. To simplify the notation, let us define célm as the agent’s confidence in period 1
relative to a later period ts: A

i Cy+t

c = — for t1 < tq. 18
t1,to Citt r i) < to (18)
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Relative confidence satisfies the following identity, which we use in subsequent analysis:
ci17t2c§27t3 = CilatS for t; <ty < ts. (19)

With this notation, the agent believes g ~ N (Eg [g¢] ,Eé), where

Ellg] = Cé,t (g + u%) + (1 - Cé,t) 91 (20)

= czZ;—l,th—l [9t-1] + (1 - Ciiﬁ—l,t) gt—1
d var! = =1 : Y fort>0. 21
and vari[g)] = S (+%+J or £ > (21)

The agent’s expectation for aggregate demand is a weighted average of its initial expectation,
E{ [go] = g + u}, and the average realization, g,_;. The second line writes the expectation as a
weighted average of the most recent expectation and the most recent realization. The last line
shows that the perceived variance about aggregate demand, X, reflects the uncertainty about
the transitory shock and the parametric uncertainty about the persistent component.

Egs. and suggest the equilibrium also depends on higher order beliefs about aggre-
gate demand; in particular, expectations at time ¢ about expectations that will obtain at time

t + 1. The following lemma characterizes these types of higher order expectations.

Lemma 1. Consider expectations in period t1 about expectations about aggregate demand in a

subsequent period ty > t1. For each agent i € {F, M} and j # i, we have:

Eti1 [E;Q [gt2]] = Ezl [gtl] ° (22)
B B (o] = el lonl + (1 -l ) B o) (23)

Eq. says that agent i expects its own belief about aggregate demand in a future period
to be the same as its current belief about aggregate demand. In contrast, Eq. shows that
agent i expects the other agent’s belief about aggregate demand in a future period to be a
weighted average of the other agent’s current belief and its own belief. The weights depend on
the other agent’s relative confidence, c{ L to- Intuitively, agent ¢ expects agent j to learn from the
data and to come toward agent i’s own view. The expected speed of learning depends on the

other agent’s confidence. This implication of learning will be important for our results.

4. Benchmark with common beliefs

We start by analyzing a benchmark scenario with no disagreement between the Fed and the
market. Specifically, suppose ug = ug/[ = ug and C{ = Cy" = Cp so that agents start with the
same initial belief u ~ N (ug, Cy'E) [cf. ]

"' Throughout, when agents have common confidence, we drop the superscripts and use cs; and £; to denote
the common levels of relative confidence and perceived variance [cf. and } When they additionally have
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In this context, we first solve for the equilibrium asset prices and interest rates. We then
characterize the forward and dot curves and show that an increase in agents’ optimism about
the unknown component of demand, ug, shifts both curves upward. In subsequent sections, we
investigate how a similar shock affects the forward and dot curves when the Fed and the market

disagree.

Equilibrium given common beliefs. Since there is no disagreement, we conjecture that

asset prices change only because of surprise shocks to aggregate demand [cf. Eq. ]:
gt = ¢ + gt — E¢ [g¢] for each ¢. (24)
Suppose this conjecture holds for prices in period t 4+ 1. Then, we have

Eit1[qi4+1] = ¢* and vari [qi+1] = varg [ge41] = S (25)

Substituting these expressions into the equilibrium asset price Eq. , we see that Eq.
also holds for prices in period ¢. This verifies our conjecture for asset prices. Using Eq. , we
solve for the corresponding interest rate as

i1

rl =p+ Elg] - 5 (26)

With common beliefs, the market knows that the Fed will stabilize future asset prices on
average around the efficient level, Ey1 [gi+1] = ¢*. This ensures that the interest rate depends
on the expected aggregate demand, Fj[g:], and on the variance of aggregate demand for the
next period, X¢y1. The variance matters because monetary policy is imperfect and cannot fully

stabilize shocks to aggregate demand in the next period.

The forward and dot curves. We next fix a particular period, ¢ = 1, and calculate the
forward and the dot curves in this period: that is, the expected future interest rates according
to the market’s and the Fed’s belief, respectively.

Using Eq. , we obtain

by
E{W [Tﬂ = Ef [T{} =p+E1|g1] — t2+1 for ¢t > 1. (27)

Here, we used Lemma and Eq. . Hence, the forward and dot curves reflect agents’ current
belief about aggregate demand.

Finally, note that Egs. together with the characterization of beliefs in Section
provide a closed-form solution for the interest rate and its expectations in terms of the initial

beliefs, uy , uOF , and the average past realization of aggregate demand, g, _; (see Appendix .

common beliefs, we use E} [g¢] and var: [g:] to denote the common belief about aggregate demand.
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Comparative statics of optimism and demand shocks. We end this section with two
comparative static exercises that we will repeat once we add disagreement: an increase in initial
optimism Aug > 0, and an increase in the initial demand shock, Aggp > 0. In each case, we
ask: How does the change affect the yield and the dot curve in period 17 How does it affect the
current interest rate in period 17

With common beliefs, the two comparative static exercises have essentially the same effects
(this will not be the case once we add disagreement). The initial belief is given by [cf. (20)],

E1[g1] = coa (9 + uo) + (1 — co,1) go- (28)

Therefore, either change induces an increase in optimism about aggregate demand in period 1,
AE; [g1] > 0. Using Eq. (27), the induced increase in optimism shifts the forward and the dot

curves upward by the same amount,

AE{VI [rﬂ AEf [rﬂ
AEi[g1] ~ AEi[g]

=1fort>1. (29)

Moreover, the current interest rate increases one-to-one with the induced increase in optimism,

AT{
— =1. 30
AFE; [¢1] (30)

5. Monetary policy with belief disagreements

We next introduce our main ingredient, belief disagreements about aggregate demand. In this
section, we maintain the assumption that agents have the same level of confidence. In the next
section, we consider the more general case with heterogeneous confidence. We start by presenting
and deriving our main result, which describes how disagreements affect optimal monetary policy
and generate differences in forward and dot curves. We then establish the comparative statics of
optimism and demand shocks and contrast the results with the benchmark case with common
beliefs.

Proposition 1. Suppose Cf" = CM = Cy and consider arbitrary ul and u}! so the Fed and the
market can disagree about aggregate demand.

(i) The equilibrium price and the interest rate are given by

@ = ¢ +g— Ef l9¢] , (31)

>
vl = o+ (1—cr) B (o0 + copn EM [g1] — 152+1' (32)

The optimal interest rate reflects in part the market’s belief, with a weight that depends on

relative confidence between the current and the next period, ci 1. For sufficiently high initial
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confidence, the interest rate reflects only the market’s belief, Clim rf =p+EMg] - 2”1
0—00

(i) The forward and dot curves in period 1 are given by

B ] = B gl - T (- e) (B o] - B o)), (33)

(EM [g1] — Ef [91]) - (34)

t+1
Bf ] = o4 Bl o) - =%
Each curve reflects the corresponding agent’s current belief for aggregate demand, with

an adjustment toward the other agent’s belief that declines with horizon. For sufficiently long

horizons, each curve reflects only the corresponding agent’s belief, 1tlinoloE’% [rﬂ = p+Ei 1] - 5,

and the difference reflects the level of disagreement, tlim EM [rﬂ —Ef [7’{:| = EM [¢1] - EY [91].
—00

The first part of the result characterizes the equilibrium asset price and the interest rate.
The asset price is the same as in the benchmark case without disagreements [cf. (24)]. The
interest rate is different and depends on a weighted average of the Fed’s and the market’s beliefs
about aggregate demand. Unlike before, 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. In this sense, the Fed is “constrained” by disagreements with the
market. Moreover, the weight on the market’s belief is greater when agents are more confident
in their beliefs. Hence, the more entrenched are belief disagreements, the more the Fed ignores
its own beliefs. In the extreme, the interest rate does not reflect the Fed’s belief.

The second part shows that, unlike the benchmark case, the forward and dot curves trace out
different expected interest rate paths [Eq. ] The forward curve reflects the market’s belief for
aggregate demand with an adjustment toward the Fed’s belief—and vice versa for the dot curve.
The adjustment terms decline with time horizon and eventually disappear. For sufficiently long
horizons, each curve reflects the corresponding agent’s current belief, and the difference between
the curves reflects the extent of disagreement. Put differently, belief disagreements manifest

themselves as differences between the forward and dot curves.

Sketch proof of Proposition (1, part (i). We next provide a sketch proof for the result,
which is useful to provide intuition. To prove the first part, we conjecture that the asset price
satisfies Eq. for period t 4 1. We combine this conjecture with our general characterization
from Section and verify that the asset price also satisfies Eq. in period ¢, with the
equilibrium interest rate given by .

Our analysis in Section shows that the equilibrium depends on the market’s belief for the
asset price, ¢;11. Using the conjectured price ¢s11 = ¢* + gr41 — Ef;l [g¢+1] (along with Lemma
for ty = t1), we calculate:

ENyla] = ¢+ BN o] — EL [ge] (35)
WT{W [gt+1] = Ua?"%l [9t+1] -
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Unlike in the case with common beliefs, the market does not necessarily expect the asset price
in the next period to be equal to ¢* on average [cf. ] Eq. shows that the expected
asset price depends on expected future disagreements. Intuitively, these disagreements capture
the market’s belief regarding how big a “mistake” the Fed will make in the next period. For
instance, when EM | [g141] > Ef, | [g141], the market thinks the Fed will be too pessimistic about
future demand shocks and therefore will set low interest rates and stabilize asset prices at a high
level (higher than ¢*) on average.

Next note that Lemma [I] implies expected future disagreements satisfy

EN\ lge1) — Efpy [9e1] = ceerr (BN (90 — Ef [g4]) for t > 1. (36)

Disagreements decline over time. Intuitively, agents are Bayesian and update their beliefs by
observing the same data, g,_,, which reduces their disagreements. Moreover, disagreements are
a deterministic function of time, because agents have the same level of confidence.

Combining Egs. and with Eq. from Section we obtain Eq. (see
the appendix for details). The equilibrium price depends only on demand shocks, as in the
benchmark case, because disagreements change deterministically and do not create additional
uncertainty. We will see how this feature will change in the next section once we allow agents to
have heterogeneous confidence. Moreover, by setting the interest rate appropriately, the Fed is
still able to stabilize asset prices on average. Disagreements manifest themselves in the interest
rate that the Fed must set to achieve this outcome.

Specifically, using Eq. from Section we calculate the equilibrium interest rates:

vl = p+Elg)+ EF [EM, [gi1] — ¢*] — EF [varM | [ge1]]
Yttt
= p+El (g + BN\ lgt41] — B [9614] — t2+ : (37)

Here, we have used Eq. and dropped Ef [-] because the terms inside the expectation are
deterministic. Intuitively, the equilibrium interest rate is affected by expected future disagree-
ments [cf. Eq. } In particular, the market’s expectation about the Fed’s pessimism in the
next period increases the interest rate in the current period. If the market thinks the Fed is too
pessimistic, it also thinks the Fed will set low future rates. Therefore, the market expects high
asset prices in the next period, EtM [qt+1], which exerts upward pressure on asset prices in the
current period, ¢;. Consequently, to stabilize asset prices around ¢*, the Fed must increase the
current interest rate, 7‘,{ .

Finally, substituting Eq. into Eq. , we show that the interest rate is given by Eq.
. Intuitively, the interest rate depends on a weighted average of current beliefs, because
expected future disagreements depend on current disagreements. The weight on the market’s
belief depends on the relative confidence, c¢;¢41, because this determines the extent to which

disagreements in the next period t + 1 will be smaller than in the current period t.
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Sketch proof of part (ii). To prove the second part of the proposition, consider the forward
curve. Taking the expectation of Eq. according to the market’s belief, we obtain

Yttt
2

B [rf] = o (0= o) BY (B [od] + e B 0] - (3%)
Substituting the higher order belief from Lemma [I} we prove Eq. . A symmetric argument
establishes Eq. . The rest of the proof is straightforward and relegated to the appendix.

For intuition, note that as t increases, the higher order belief in Eq. , EM [EtF [gt]],
monotonically converges to EM [g1] [cf. Lemma . 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, E¥ [g1].

Finally, it is worth noting that the expressions in Proposition [1| together with the character-
ization of beliefs in Section [3.3] provide a closed-form solution for the interest rate as well as its
expectations in terms of the initial beliefs, ug/f , u{; , and the average past realization of aggregate
demand, g, ; (see Appendix |A.3]).

Comparative statics of optimism. To gain further intuition for the mechanisms that “con-
strain” the Fed, we consider the analogue of the comparative statics exercises we analyzed for the
benchmark case with common beliefs. We start by considering an increase in initial optimism.
In this case, since the Fed and the market do not necessarily agree, we increase the Fed’s and
the market’s optimism one at a time.

First suppose the Fed becomes more optimistic without a change in the market’s belief,
Aul’ > Aul! = 0. This increases the Fed’s optimism in period 1 by AE¥ [g1] = co1Aul [cf.
]. Using Eqgs. and , the impact on the dot and forward curves is given by

AEf [rﬂ
AE{ [91]

AEM [r{]

_— = = 1-— for t > 1. 39
AET [g1] cit(l—cypp1) fort> (39)

=l-ci41 2>
As before, the Fed-optimism shock shifts both curves upward, but with greater effects on the
dot curve [cf. Eq. ] This gap arises because the Fed expects the market to learn. Hence,
over longer horizons, the Fed expects to be able to set interest rates that reflect its increased
optimism (whereas the market expects the Fed will learn instead). The top panels of Figure
[] illustrate the effects of a Fed-optimism shock on the forward and dot curves for a particular
parameterization.

To calculate how much the current interest rate (in period 1) changes, note that Eq.
implies
Ar{

———=1—cy9. 40
ARl T o

Unlike before, the interest rate in period 1 increases less than one-to-one with the size of the shock

[cf. (39)]. Since disagreements are somewhat persistent, the market’s expected interest rates
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Figure 4: Top panels illustrate the effects of a Fed optimism shock without a change in market
optimism. Bottom panels illustrate the market optimism shock. Left and right panels correspond
to higher and lower levels of initial confidence, Cyp. We normalize the shock so that the induced
change in optimism for aggregate demand in period 1 is the same in all cases, AF; [g1] =
COJAUO = 0.01.



beyond period 1 also increase (see Figure . Moreover, the market considers these increases a
“mistake.” These mistakes decrease expected future asset prices, which in turn exert downward
pressure on current asset prices. Hence, even though the Fed is optimistic in period 1, it only
needs to increase the current interest rate slightly to achieve its target asset price. Consistent
with this intuition, the Fed increases the interest rate less when ¢ 2 is greater because in that
case disagreements are more persistent. The top right panel of Figure [4 illustrates the effects
of reducing initial confidence, Cy. This reduces c1 2 = % and enables the Fed to set a higher
interest rate.

Next suppose the market becomes more optimistic without a change in the Fed’s belief so that
Aud! > Aul = 0. This increases the market’s optimism in period 1 by AEM [g1] = co1Aud!
[cf. ] Using Eqgs. and , the impact on the forward and dot curves is given by

AE{V[ [rﬂ
AE{W [g1]

AEf [r{

————=— =Ci441 fort>1 (41)
AE{W [91]

=1l—-cit+crp41 2>
An increase in the market’s optimism also shifts both curves upward, but with larger effects on
the forward curve (see the bottom panels of Figure [4]).

Using Eq. , we also calculate the effect on the current interest rate (in period 1) as

Ar{

—————— =C129. 42
AE [p] ~ .

The Fed raises the interest rate in response to the market’s optimism about aggregate demand
even though its own belief did not change. Since disagreements are persistent, the market
expects the Fed to be too pessimistic and to set interest rates too low in future periods. In
particular, although expected future interest rates increase, the market thinks these increases
are insufficient (see Figure . These “mistakes” increase expected future asset prices, which in
turn exert upward pressure on current asset prices. Therefore, the Fed is forced to increase the
interest rate to achieve its target asset price. Consistent with this intuition, the Fed increases
the interest rate more when c; 3 is greater because in that case disagreements are more persistent
(see the bottom right panel of Figure |4)).

As the final exercise of this section, consider an increase in the initial demand shock, Agg > 0.
With common confidence, both agents’ optimism increases by the same amount, AE! [g1] =
AFE; [g1] = (1 — co1) Ago [cf. Eq. (28)]. Therefore, Eqgs. and from the common-belief
benchmark continue to hold. We revisit this conclusion in the next section where we allow for

heterogeneous confidence.
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6. Monetary policy with heterogeneous data sensitivity

We next consider the general case in which agents have heterogeneous confidence levels, C’{ and
C(])W , as well as heterogeneous initial beliefs, ug and ué\/[ . In this case, the Fed and the market
have heterogeneous data sensitivity. Specifically, C§ > Cg implies c;t > ci,t for each t > s:
higher initial confidence implies a higher relative confidence at all times [cf. (I8)]. In view of
Eq. , this implies that agents put heterogeneous weights on new realizations of aggregate
demand. In particular, the agent with smaller confidence puts greater weight on new data.

Our main result in this section shows that this type of heterogeneity in data sensitivity
changes the relationship between asset prices and macroeconomic shocks. We start by presenting
this result. We then illustrate the comparative statics of demand shocks and contrast the effects
with the case with common data sensitivity. Overall, our analysis in this section shows that, if
the Fed becomes more data sensitive (while keeping the market’s data sensitivity unchanged),
then demand shocks have a greater effect on the dot and forward curves (as well as on the gap
between them), but a dampened effect on asset prices. The opposite happens if the Fed becomes

less data sensitive.

Proposition 2. Consider arbitrary C{, Cy,qu,uéV[ so that the Fed and the market can have
heterogeneous data sensitivity as well as heterogeneous initial beliefs about aggregate demand.

The equilibrium price is given by
a=q" +Dy¢ (9 — Ef [g1]) - (43)

Here, {Dy}, is a deterministic sequence that captures the price impact of demand shocks.

It is the unique solution to the difference equation:
Dy =1+ (cfyy — cftyy) Diyr with Jlim Dy = 1. (44)

The solution satisfies Dy > 0: above-average shocks create positive price impact. If the Fed
is more data sensitive than the market, C¥ < CM (resp. less data sensitive than the market
CE > C)), then the price impact is dampened Dy < 1 (resp. amplified Dy > 1) relative to the
case with common data sensitivity.

The equilibrium interest rate is given by

D? xM
rl =p+ (1= Dypacliyy) Ef (9] + Diacli B [g0) - % (45)
The forward and dot curves in period 1 are given by
M |.f M D%HE%A F M M F
B[] = o+ B (o] - =EE ol (1= Dyelhy) (BY (o] - B []) . (46)
F|.f F D?+1Z%r1 M M F
B [rf] = p+EF g - =5 4 Deiell (B [o1] - EF [91) (47)
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Figure 5: The equilibrium path for the price impact of demand shocks, {D;}, with heterogeneous
data sensitivity.

The first part characterizes the equilibrium asset price. Common data sensitivity corresponds
to the special case with Dy = 1 [cf. Eq. ] Hence, Eq. shows that heterogeneous
data sensitivity changes the asset price impact of demand shocks. If the Fed is more (less)
data sensitive than the market, then demand shocks have a dampened (amplified) asset price
impact. Figure [5 illustrates the equilibrium sequence, {Dy}, for a particular parameterization
and heterogeneous data sensitivity.

The rest of the result characterize the equilibrium interest rate as well as the forward and the
dot curves. These expressions are similar to their counterparts with common data sensitivity [cf.
Egs. ] The main difference concerns the variance term, D? +1E%F1, in the expressions for
the interest rate. This term reflects the asset price variance induced by the demand variance. It
illustrates that heterogeneous data sensitivity affects asset price volatility and the risk premium;

and the equilibrium interest rate reflects this effect.

Sketch proof of Proposition We next provide a sketch proof for the result, which is
useful to understand why heterogeneous data sensitivity affects asset prices. The limit condition
for the price impact holds, lim; .., Dt = 1, because in the long run disagreements disappear
(due to learning) and the equilibrium approximates the benchmark case with common beliefs.
We conjecture that the asset price satisfies Eq. for period t + 1. We then establish the
same condition for period ¢ (along with the other equilibrium conditions) proving the result by

backward induction.
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The key observation is that Eq. and Eq. together imply:

EM (@] = ¢ +Duyr (BY [9i41] — Bl [9e4])

= ¢"+Dip1 (C%JrlEt]w [9¢] — C5t+1EtF [9] +

M
(1 t,;fl)) ]%) . (48)

- (1 —Citt1

Unlike the case with common data sensitivity, disagreement in the next period is stochastic and
depends on the realization of current aggregate demand, g;. Therefore, the market’s expected
price in the next period is also no longer deterministic [cf. Egs. ] For instance, when
the Fed is more data sensitive, 1 — Cf 1> 1= c% 11, an increase in aggregate demand in the
current period, g, leads to a decrease in the expected asset price in the next period. How does
this happen? An increase in demand affects the extent of disagreement: it increases the Fed’s
optimism compared to the market, because the Fed reacts to the data more than the market.
As this happens, the market anticipates a greater increase in interest rates—which it perceives
to be a “mistake”—which leads to a lower asset price.

Next note that Eq. describes the equilibrium price as a function of the surprises in the
market’s expected price, Et]\j‘il [gr1] — EF [Et]\jfl [qt+1]]. Using Eq. , we obtain,

_cM
By laen] = Ef [B (@] = Dea [ _(11 B t’?l)) ] (9¢ = Ef [9¢]) - (49)
C 41

The surprise in the expected price depends on the surprise in the demand shock, g — Ef [g¢],
because this determines the extent of disagreement and thus the magnitude of the monetary
policy “mistake’ perceived by the market.

Eq. implies the variance of the price is still deterministic. Then, substituting Eq.
into Eq. from Section we obtain

@ =q + (1 + Dy [ (1= cii) ]) (9: — Bf [g]) -
- (1 - C5t+1)

Combining this with the difference equation , the price satisfies Eq. also in period ¢.

It remains to show that the difference equation has a unique solution {D¢}. We establish
this in Appendix[A.4] We also show that the solution satisfies the properties in the proposition.
In particular, Dy < 1 if and only if C{ < C’é\/f . For intuition, suppose the Fed is more data
sensitive than the market, 1 —cf 1> 1 —c% +1- In this case, the market expects the Fed to react
to shocks more than (what the market thinks) is appropriate, which dampens the direct price
impact of shocks [cf. ] Conversely, when the Fed is less data sensitive, 1 — cf:tH <1- c%+1,
the market expects the Fed to underreact to shocks, which amplifies the direct price impact of
shocks.

Finally, combining Eq. with Eq. from Section we show that the interest rate
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satisfies Eq. . We also derive the forward and the dot curves by following similar steps as
in the previous section (see Appendix for details).

Comparative statics of demand shocks. Next consider the comparative statics exercises
for the expected interest rates that we analyzed earlier. Comparing Egs. with Egs.
suggests that an increase in the Fed’s or the market’s optimism, Aul > 0 or Aud! > 0,
has similar effects on the forward and dot curves as in the case with common data sensitivity
[cf. Figure [4].

In contrast, an increase in the initial demand shock, Agg > 0, has distinct effects when agents
have heterogeneous data sensitivity. Recall from Section [f| that, with common data sensitivity,
these shocks shift the forward and the yield curve by the same amount. Intuitively, demand
shocks per se do not create disagreement when agents have the same data sensitivity. With
heterogeneous data sensitivity, this is no longer the case: demand shocks create disagreement.
Therefore, demand shocks can induce a gap between the forward and the yield curves when
there was none to begin with.

To see this, consider agents’ beliefs in the first period, which are determined by the following
analogue of Eq. :

Ef[g1] = b (g +up) + (1 —chy) go for i € {F, M} (50)

Suppose the economy features, uOF = ué\/[ = 0, and experiences the initial realization, gg = g, so

that agents have the same beliefs in the next period, Ef [g1] = E{ [g1] = g. This ensures that
the forward and dot curves in the next period are also the same [cf. Egs. .

Relative to this initial state, suppose the economy experiences a positive demand shock,
go = g + Agp with Agg > 0. First consider the case in which the Fed is more data sensitive,
1-— c{; 1> 1- cé\ffl. In this case, Eq. illustrates that a greater shock induces both agents
to become more optimistic, but with a greater effect on the Fed, AEf [g1] > AEM [g1] > 0.
Therefore, the curves shift as if there is a common-optimism shock, as in Section [4] combined
with a Fed-optimism shock, as in Section[5} In particular, the dot curve increases more than the
forward curve—especially for more distant horizons. The left panel of Figure [0] illustrates this
case. Conversely, when the Fed is less data sensitive, 1 — cgy 1 <1- cgﬂ, a greater demand shock
has a larger effect on the market’s optimism than the Fed’s optimism, AEM [g1] > AE{ [¢1] > 0.
Consequently, the forward curve increases more than the dot curve—especially for more distant
horizons—as illustrated by the right panel of Figure [6]

This analysis also provides a complementary intuition for why heterogeneous data sensitivity
changes the asset-price impact of demand shocks [cf. Figure . When the Fed is more data
sensitive than the market, a positive demand shock increases the dot curve more than the forward
curve [cf. the left panel of Figure @] This generates a dampened increase in risky asset prices,

because the market considers the Fed’s additional reaction a mistake. Conversely, when the Fed
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Figure 6: The comparative statics of an increase in the initial demand shock, go = g + Agy with
Ago = 0.01. The black solid lines illustrate the effects for a baseline case in which the Fed and
the market have common data sensitivity. The left panel (resp. the right panel) illustrates the
effects when the Fed has greater (resp. smaller) data sensitivity than in the baseline, while the
market has the same data sensitivity as in the baseline.

is less data sensitive than the market, the shock increases the dot curve less than the forward
curve [cf. the right panel of Figure @; and this induces an amplified effect on risky asset prices

since the market considers the Fed’s muted reaction a mistake.

7. Monetary policy signaling with disagreements

Our key ingredient is that the market and the Fed have belief disagreements. So far, we captured
this ingredient by assuming that agents have no information asymmetry: they know each other’s
beliefs and “agree-to-disagree.” While this assumption simplifies the analysis, it has the extreme
feature that the market does not think the Fed has any information advantage. A large literature
assumes the Fed has superior information and emphasizes the role of monetary policy in signaling
this information to the market. In this section, we consider a version of our model in which the
Fed has an information advantage. We show that our results still apply as long as agents have
some heterogeneous prior beliefs (in addition to heterogeneous information).

We also analyze how belief disagreements affect the signaling mechanism. In an environment
with belief disagreements, the market can also naturally disagree with the Fed’s signal. Moreover,
the Fed is unlikely to know ex ante whether the market will agree or disagree. This possibility
leads to novel types of monetary policy shocks. If the market has disagreed with the signal, then
an interest rate hike driven by a positive Fed signal has no impact on the market’s optimism

and reduces risky asset prices. If instead the market has agreed, then a similar interest rate

30



hike increases the market’s optimism and increases risky asset prices—as emphasized in the
signaling literature. Hence, the asset price response to a monetary policy shock is informative

about whether the market mostly agrees or mostly disagrees with the Fed’s signalE

7.1. Signaling with disagreements

Consider the same model with the only difference that in period 0 (and period 0 only) the Fed

also receives a private signal about u (before the interest rate decision),
#' = u+ el where e’ ~ N (O, Iilﬁ) is independent from wu. (51)

Here, the market agrees with the Fed about the distribution of zf conditional on u: that
is, the market agrees that the Fed has an informative signal (the parameter I captures how
informative is that signal). As before, agents start with prior beliefs, N (ué, Cy 12), and they
know each others’ prior beliefs. For simplicity, we focus on the case in which agents have common
confidence, Cy. The rest of the model is unchanged.

In this setting, the Fed’s posterior belief after observing the signal is given by u ~
N (HOF,é(;lZ), where

C I
—r__Co p
R ey sy

2™ and Cy = Cy + I. (52)

We conjecture an equilibrium in which the interest rate is a one-to-one (and increasing) function
of the Fed’s signal, z¥". Therefore, the equilibrium interest rate fully reveals the Fed’s signal.

In the conjectured equilibrium, the market’s posterior belief (conditional on observing the
interest rate) is given by u ~ N (ﬂéw ,Co 12), where

C I
M _ 0 M F
Uy C’o—l—IuO +CO+I$

(53)

Given posterior beliefs ﬂg , Eé/[ , our earlier analysis applies. In particular, the equilibrium interest

rate is given by

B . - >

iy = p+9+(1—co71)ug+co,1uéw—7l
— 1— - — 54
p+9+CO+I$ +CO+I(( Co,1) ug + o1ty ) 5 (54)

12Gee |Jarocinski and Karadi| (2020) for evidence that not all central bank announcements are interpreted
equally by the markets. They use high frequency data around these announcements to show that a surprise policy
tightening can lead an increase or a decrease in stock prices, with very different macroeconomic effects. This
evidence is consistent with the extension in this section. Stock prices decline when the market interprets the
policy action as a hawkish Fed-belief shock (a disagreement shock, in our language). In contrast, stock prices
increase when the market agrees with the Fed and interprets the policy action as as a positive signal on the state
of the economy.
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where €1 = 6?1 T = ng’jil [cf. } Here, the second line substitutes Eqs. 153)).
F

Hence, the equilibrium rate reflects the Fed’s information, x*, as well as belief disagreements.
In extreme cases in which either I — oo (the Fed is very informative) or Cy — 0 (agents are
very underconfident in initial beliefs), the signal reflects only the Fed’s information. In these
cases, the Fed sets an interest rate that fully reflects its posterior belief. The market observes
this decision and updates its belief—as emphasized by the signaling literature (e.g., Nakamura
and Steinsson| (2018)). Aside from the extreme cases, our earlier results still hold. The Fed’s

information advantage mitigates but does not overturn our mechanismsH

7.2. Signaling with uncertainty and monetary policy shocks

In this setup, since the market starts with a different initial belief than the Fed, the market
might also disagree about the informativeness of the Fed’s signal. Importantly, the Fed might
not know ex ante whether the market will agree or not. This possibility allows for novel types
of monetary policy shocks.

To illustrate, suppose the market has one of two types, M A and M D, with ex-ante proba-
bilities, @ and 1 — «, respectively. If the market is type M A (“agreeable”), then it agrees that
the Fed has an informative signal as before. If instead the market is type M D (“disagreeable”),

F

then it believes the Fed has no superior information: that is, it believes " is independent from

u. In this case, the market also observes a signal that it believes is distributed according to,
aMP =y + eMP where eMP ~ N (0,[712) is independent from wu.

Suppose the Fed always observes 2™ but it believes it is independent from u. Therefore, the
market of type M D and the Fed “agree to disagree” about the informativeness of their signalsE
The Fed sets 7"(’; under uncertainty about the market’s type. The rest of the model is unchanged.

In this case, the equilibrium asset price is still determined by Eq. after appropriately
adjusting the expectations. Specifically, the asset price in period 0 depends on the market’s
posterior belief in period 0. If the market has type M A, then its posterior belief is the same as
before, which we denote by ﬂé\/[ A [cf. ] In contrast, if the market has type M D, then its

posterior belief is u ~ N (ﬂé\/f P Cy 12), where

C I
—vp _ _Co m MD
4o Co-i—fuo +Co+fx

13In this context, an interesting question is whether the Fed might have an incentive to adjust the interest rate
to “distort” the market’s posterior belief. In fact, given the equilibrium relationship in , if the Fed were to set
rates higher than the equilibrium rate, then the market would infer greater ¥ and would become more optimistic.
In our setting, the Fed does not have an incentive to distort the market’s belief—even if the market has a different
belief than the Fed. This is because the Fed’s objective is to stabilize output and it can equivalently achieve its
objective (on average) by adjusting the interest rate. See|Stein and Sunderam|(2018) for a related model in which
the Fed distors the market’s belief, because it has an additional objective to reduce interest rate volatility.

!4 Giving the market its own signal does not play an important role beyond simplifying the expressions.
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MD — 2F that we ignore). Therefore,

Note that wd4 # w}!P (except for the non-generic case x
the asset price in period 0 reveals the market’s type. Hence, starting period 1 onward, the
equilibrium is the previous sections where the Fed has initial beliefs Hg and the market has
initial beliefs either ES/IA or Hg/[ D depending on its type. In particular, the asset price in the
next period is given by Eq. regardless of the market’s type (since 7i" adjusts appropriately
to ensure this outcome).

Next note that the interest rate in period 0 is still determined by Eq. after accounting
for the Fed’s ex-ante expectations about the market’s type. Following similar steps as before,

and using q1 = ¢* + g1 — Ef [g1], we calculate:

I 1-coq (1—a))af C TR
rg=p+g+ (L —Coa a)]?ﬁj G (0 0’1)Mu° e N GE))
Co+I\ +ci(1—a)z Co+1 +Co,1uy 2

This expression illustrates that the Fed puts some weight on the disagreeable market’s signal
even though it thinks the signal is uninformative. This is for the same reason as in our base-
line analysis. Unlike in our baseline analysis, the equilibrium asset price also depends on the

realization of the market’s type. Specifically, using , we obtain

coia (2MP — o) if type M D

=q" + gy — EF +
G =49 t 9o 0 [90] {c071(1—a)($F_$MD) if type M A

If the market is disagreeable, then it does not “buy” the Fed’s signal. In this case, if the
Fed’s signal is relatively optimistic (z¥ > xMP), the interest rate is ex-post too high and the
asset price declines. These episodes resemble monetary policy shocks of the following kind: the
Fed increases interest rates in response to a positive signal, but the market does not consider
the signal to be informative so asset prices fall.

Conversely, if the market is agreeable, then it “buys too much” into the Fed’s signal. In this
case, if the Fed’s signal is relatively optimistic (zf > xMP), the interest rate is ex-post too low
and the asset price rallies. These episodes resemble monetary policy shocks of a different kind:
the Fed increases the interest rate in response to a positive signal and this makes the market so

optimistic that asset prices actually increase.

8. Final remarks

We provide a model for analyzing monetary policy, expected interest rates, and asset prices
when the Fed and the market do not see eye-to-eye. The model explains the large disagreements
between the FOMC predictions and the forward rates. In the model, rstar (the natural interest
rate) reflects the extent of disagreement as well as how entrenched each agent’s views are.
The larger the disagreement and the more entrenched the views, the more the Fed needs to

weight the market’s views in order to stabilize asset markets and aggregate demand. Despite

33



this accommodation, in this environment the market sees every macroeconomic shock as the
combination of the shock itself and an expected “policy mistake.” This anticipation of policy-
response mistakes changes the relationship between macroeconomic shocks and asset prices.
When the Fed’s belief is more sensitive to data, perceived monetary policy mistakes dampen the
direct effect of shocks. Conversely, when the Fed’s belief is less sensitive to data, the perceived
monetary policy mistakes amplify shocks. These regimes also influence macroeconomic and asset
price volatility, and the risk premium.

There are a number of ways to extend our model. For example, we adopted a stylized view
where the Fed controls aggregate demand by supporting wealth, and the policy rate matters
only through this channel. That is, in our model the Fed is willing to overweight the market’s
views when setting interest rates because it sees no cost in interest rate swings as long as they
yield asset prices consistent with potential output. Of course, one could imagine contexts in
which interest rates affect aggregate demand through other channels. The flavor of our main
results would still hold in this case, but the Fed would put more weight on its own view for the
policy interest rate, at the cost of introducing more volatility in risky asset markets.

We took the Fed’s beliefs and confidence as primitives. In future research we will explore
whether it is dynamically optimal for the Fed to choose its effective confidence, C{ , in order to
control, for example, the market’s risk premium. Similarly, effective confidence could be affected
by constraints such as an effective lower bound or a gradualist policy framework.

Finally, in our version with disagreements and signaling, we assigned a constant probability
to the Fed meeting an agreeable or disagreeable response from the market. In practice, it is
highly likely that this probability is a function of the degree of ex-ante disagreement. If so,
the Fed could become extremely reluctant to attempt signaling during periods of large ex-ante

disagreement, which would represent yet another form of market’s constraint on the Fed.
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A. Appendix: Omitted derivations

This appendix presents the derivations and proofs omitted from the main text.

A.1. Omitted derivations in Section [3]

A.1.1. The portfolio problem and optimality conditions

The representative household’s portfolio problem (in some period t) can be written as,

{crwilse,

Vi (ar) = max Fiw Ze*pilogct~ (A1)
t=t

agyq = (a7 —cp) (wg exp (T£,£+1) + (1 — w;) exp (rtf)) for each £ > t.

Here, we used a; to denote investors’ total (cum-dividend) wealth at the end of period ¢. In every period,
the representative household chooses how much to save, a; —c¢;, and what fraction of its savings to allocate

to the market portfolio, w;. Since there is a representative household, asset market equilibrium implies
ay =y + Q1 Ay. (A.2)

As before, the equilibrium also implies wy = 1 [cf. (7)].
The Bellman equation corresponding to problem ([A.1)) is given by:

Vi (ar) = maxlog (¢;) + e*pﬁiw [Vt+1 ((at — ) (wt exp (ree41) + (1 — we) exp (rtf)))} . (A.3)

Ct,We
We conjecture a solution in which the value function takes the form

_ log(ar)
l—er

Vi (at)

t-

The first term in the value function captures the effect of holding greater wealth, which scales the investor’s

consumption proportionally at all times and states. The second term, v, is the normalized value function
when the investor holds one unit of wealth (a; = 1). This functional form implies,

oV} 1 1

t o= — (A.4)

Oa; l—ePa;

First consider the optimality condition for ¢; in the Bellman equation. Using Eq. (A.4)), we obtain:

1 -r 1
. =7 ieip . which implies ¢; = (1 — e_p) az. (A.5)

Substituting the asset market clearing condition (A4.2), Eq. (A.5|) implies Eq. from the main text.
Next consider the optimality condition for w; in the Bellman equation Using Eq. (A.4]), we obtain:

[ e e (i)

E, =0.

wyexp (re41) + (1 —wy) exp (T{)
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In equilibrium, we also have wy = 1 [cf. (7)] so this condition can be further simplified as:
=M
E, [exp (rtf — Tt,t+1>} =1. (A.6)

When 7411 is normally distributed, which is the case in our analysis, we have that exp (T{ — rt7t+1)

. . . —M f f —M varM [re.e41]
is log-normally distributed. Therefore, E, {exp (rt - Tt,t+1>} = exp (rt —E, [reps] + tf)

Substituting this into Eq. (A.6), we obtain Eq. in the main text. This completes the characterization

of the representative household’s optimality conditions.

A.1.2. New Keynesian microfoundation for nominal rigidities

The supply side of our model features nominal rigidities similar to the standard New Keynesian setting.
There is a continuum of measure one of monopolistically competitive production firms denoted by v.
These firms own the capital stock (in equal proportion) and produce differentiated goods, y; (v), subject

to the technology,
ye (v) = 1, (v) A, (A7)

Here, n, (v) > 0 denotes the firm’s choice of capital utilization. We assume utilization is free (see Appendix
for a version with costly utilization). The production firms sell their output to a competitive sector

that produces the final output according to the CES technology,

NI
v — (/ w(u)sdu) ,
0

for some € > 1. Thus, the demand for the firms’ goods implies,
v (v) < pe (V)" yi, where py (v) = B (v) / P (A.8)

Here, p; (v) denotes the firm’s relative price, which depends on its nominal price, P; (v), as well as the
ideal nominal price index, P, = (f P, (V)l_E dv 1/(176).

Firms have preset prices that are equal to one another, P, (v) = P. This also implies the relative
price of a firm is fixed and equal to one, p; (¥) = 1. The firm chooses factor utilization 7, (v) > 0, to
maximize its earnings, y; (v), subject to the supply constraint in and the demand constraint, .
The solution is given by n, (v) = 4t: that is, each firm’s production is determined by aggregate demand.
Intuitively, since capital utilization is free, the marginal cost of production is zero and firms produce
according to aggregate demand. Therefore, aggregate output is also determined by aggregate demand,
which verifies in the main text.

Proof of Lemma [1} Note that the identities trivially hold when t5 = ¢;. Suppose t5 > t;. Consider
1,7 € {F, M} where we allow j to be the same as 7. Consider the second line of Eq. for agent j. By
repeatedly applying the equation and using Eq. , we obtain:

El 9t,] = Cil,thgl [9¢,] + (1 - Cgl,tg\) 1 ta—1>

where g, 4,1 = Z?":—tll gi/m denotes the average realization between periods ¢; and ¢t — 1. Considering

agent ¢’s expectation of this expression in period ¢;, we obtain:
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EZ; {Egz [gtz]] = Cgl,tQEgl [g¢,] + (1 - Cgl,h) EZ; [gtl,tQ—l]
= ol B o)+ (1= ¢, ) B, lou] (A.9)

Here, the first line uses the observation that Egl [g¢,] is known in period ¢;. The second line observes that,
for each t € {ty,..,t — 1}, we have

Ei, loi) = By, [u+vi] = Bi, [utv,] = By, [90,].

1

Here, the equality in the middle follows since v; and v, both have zero mean. Applying Eq. (A.9) for
j =14 implies Eq. . Applying it for j # ¢ implies Eq. (23] and completes the proof. O

A.2. Omitted derivations in Section [4]

Most of the derivations are presented in the main text. Here, we provide a closed-form solution for the
interest rate as well as its expectations in period 1.

First consider the interest rate. Combining Eq. with the characterization of beliefs in Section
(for the special case with common initial beliefs), we obtain:

o= rf (Gi—1) + copug for t > 1, (A.10)

where r/ (Gi—1) = p+cog+ (1 —co)Gpy — E;H. (A.11)
Here, the term r{ (§t_1) captures how agents’ learning affects the interest rate. In particular, r{ (?t_l)
is an increasing function. Intuitively, a greater past realization of aggregate demand, g,_;, increases
optimism. Thus, the Fed needs to set a higher interest rate to stabilize asset prices on average. The
term, cg ruo, captures how optimism about the persistent shock affects the interest rate. An increase in
initial optimism, ug, increases the interest rate in all periods but with a decreasing effect over time due
to agents’ learning.
Next consider the expected path of interest rates in period 1. Combining Egs. and 7 we
obtain

Y
EM [rﬂ =i [rﬂ =p+co1(g+u)+(1—co1)go— t;l for t > 1. (A.12)

As we discussed in the main text, an increase in initial optimism, ug, or initial news, gg, shifts the forward

and the yield curve upward by an equal amount.

A.3. Omitted derivations in Section [5]

Proof of Proposition |1}, part (i). Most of the proof is presented in the main text. Here, we complete
the derivation of Eq. . Note that Eq. implies

q = q*+gt_EtF[gt]

1
+ (BM @] — EF (BN laen]]) — 3 (vardly [qe+1] — Ef [varl]; [ge41]]) -
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Note also that Eqgs. and imply Etj\fIH [gt+1] and var%l [gt+1] are both deterministic. Therefore
EF [EM| [qi+1]] = EM, [q1+1] and EF [var}, [qi41]] = varl, [qi+1]. This establishes Eq. and
completes the proof of the first part. O

Proof of Proposition [1, part (ii). The derivation of the forward curve is presented in the main text.
Here, we derive the dot curve, and we establish the limit results as ¢t — oco. Taking the expectation of
Eq. according to the Fed’s belief, we obtain,

_ X

Ef {T{] = p+ (1= cr) Bf (o] + e EY [EY [9:]] 5

Y1
p+ Ef [q1] — % + e (B [g1] — Ef [g1]) -

Here, the second line uses Lemma and Eq. . This proves Eq. .

To derive the limit results, note that c; 141 = % Thus, c; +41 is decreasing in horizon t with
limy o0 €1,4.41 = 0. This implies tlim EF {rﬂ =p+ Ef[g1] — % Likewise, note that
— 00
(1 c )C _ (1 Co+t CQ+1_ 1 Co+1
b ELE Cot+t+1) Co+t Co+t+1Cy+t
Thus, (1 —cy41)c1, is decreasing in horizon ¢ with lim; .o (1 —c¢iy41)c1 = 0. This implies
tlirgoE{V[ [rﬂ =p+Ef g - 2’52“ , completing the proof. O

Closed-form solutions. We next present a closed-form solution for the interest rate as well as its
expectations in period 1.
First consider the interest rate. Combining Eq. with the beliefs in , we obtain:

>
p+ (1= ceerr) Ef (9] + cor BN [ge] — t;l (A.13)

1'{ (gt—l) + cot ((1 — Ct41) Ug + ct,mué”) .

.

Comparing this expression with Eq. illustrates that the equilibrium interest rate is similar to the
case with common beliefs. The difference is that the interest rate depends on a weighted average of the
Fed’s and the market’s initial belief for the unknown component of demand (see the main text for the
intuition).

Next consider the expected path of interest rates in period 1. Note that agents’ beliefs in period 1 is
determined by the following analogue of Eq. :

Ef[g1] = co,1 (94 uh) + (1 = co,1) go for i € {F,M}. (A.14)

Eq. (A.14). Substituting these expressions into Egs. (33) and , we obtain the following closed form

solution for each ¢ > 1:

by

EM {7“{} = ptecos(g+udl) +(1—co1)go— —2F —cop (1 —crprr) (udl —ul), (A.15)
X

Ef {rﬂ = ptcoi(g+ul)+(1—co1)go— %1 + o1 (uhh —uf) . (A.16)
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Comparative statics. The comparative statics of optimism follow from Proposition[l} In particular,
Eqgs. are implied by Eqgs. (33) and (after using the identity for relative confidence).

The comparative statics of demand shocks follow from Eq. , which implies AFE? [g1] =
AE; [g1] = (1 —co1) Ago. Combining this with the closed-form solution in Eqs. (A.15-{A.16), we
establish that Egs. and from the common-belief benchmark continue to hold.

A.4. Omitted derivations in Section

Proof of Proposition Most of the proof is presented in the main text. We characterize the solution
to the difference equation , {D¢}, and establish its properties. We then characterize the equilibrium
interest rate as well as the forward curve and the dot curve.

To solve the difference equation, we first rewrite it as:

Dt =1+ CtDtJ,_l with thm Dt = ]., (Al?)
where we define
C; :cf?t_H *C%H- (A.18)
As a first step, we claim:
|C:| < |Co| < 1 for each t. (A.19)
. . i o Ci—',-t . P
To prove this claim, we observe that c; ;4 = m implies:
Ci — Gy

C; = .
T (CE4t+1) (CY +t+1)

This in turn proves the claim since,

|c§ - |
(CEF+1) (C+1)

Here, the last inequality follows since 05 1 cé\ﬁ € (0,1).
We next iterate Eq. (A.17)) forward to obtain:

Dt =1 + Ct + CtCt+1 + CtCt+1Ct+2 + ...+ CtCt+1-~-Ct+n + tht+1---Dt+n~

Taking the limit of the expression as n — oo and using lim,, oo Di1, = 1 and |Cy| < |Co| < 1 [cf.
(A.19)], we obtain:
Dt == 1 + Z CtCt+1-'-Cf' (A20)
i=t

Note also that |C;| < |Co| < 1 implies |D¢| < 7—is—. Thus, there exists a unique and finite solution

1-|Col"
characterized by (A4.20)).
Next consider the properties of the solution. We first show that D, > 0 for each t. We have Dy > 0

for each sufficiently large T' (since lim; o, Dy = 1). Suppose this is true for some ¢+ 1. Then, Eq. (4.17)
implies:
Dt:1+CtDt+1 >14C; >0,
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where the second equality follows since |C| < 1 [cf. (A.19)]. By induction, this proves D; > 0 for each ¢.
We next prove that the solution satisfies the property,

D, < 1 if and only if CF < C}. (A.21)

First consider the case C{" < C31. This implies cfj 1 < c% 11 for each ¢, which in turn implies C; < 0
for each t. We claim D, € (0,1) for each ¢. To show this, first note that for an arbitrary ¢ > 0 we have
Dy € (0,1 +¢) for sufficiently large T' (since lim; oo Dy = 1). Let € = 1/|Cp| —1 and note that it is
strictly positive [cf. } Suppose D41 € (0,1 + ¢) for some ¢ + 1. Then, Eq. implies:

Dy=1+CDiyy <1+ [C(1+e)<1+|Col(1+¢)=1.

Here, the last inequality uses Eq. (A.19). Thus, for any D,y € (0,1 +¢), we obtain D¢ € (0,1) C
(0,1 + ¢). By induction, this proves Dy € (0, 1) for each ¢.

Next consider the case C§* > C}. This implies ¢f,, ; > ¢4, for each ¢, which in turn implies C; > 0
for each t. In this case, the closed-form solution in implies D; > 1 for each ¢t. This establishes
and proves that the difference equation in has a unique solution with the properties described
in the proposition.

Next consider the equilibrium interest rate. Using Eq. , we obtain
Ef [Eﬁl [qe41] — q*] = C%+1Dt+1 (ng [9¢] — Ef [Qt]) .

Note also that var{?, [gi41] = D?,,3¢4+1, which is deterministic. Substituting these observations into Eq.
from Section we solve for the equilibrium interest rate as:

D} 12

vl =p+EF [g:] - 5

+ Dt+1¢%+1 (EtM l9:] — Ef [gt]) .

Rewriting this expression proves Eq. .
Next consider the forward and the dot curves. Taking the expectation of Eq. according to the

market’s belief, we obtain,

D2, ,xM
EY [th} = p+ (1 =Dyactiy) BV [E] (9] + Digacti B 1] —7t+12 bl
e Ef [91] D} 1ZM1
T ot Pei) ( (1 ok B gy | TPt B ol = =
t

M D?+1E%r1 F M F M
p+ E [g1] - -9 +cCiy (1 - Dt+1ct,t+1) (E1 1] — B4 [91]) .

Here, the second line uses Lemmato evaluate the higher order belief. The last line establishes Eq. .
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Likewise, taking the expectation of Eq. according to the Fed’s belief, we obtain,

_ D}, 2
2
C%E{VI [91] ) - D7, 5

Ef [Tf} = p+ (1 =Dyrctiy) Ef [91] + Diacyi B [EY [g4]]

+ (1 =Dyypic™, ) EF + Dyyict]
p ( t+1 t,t+1) 1 o] t4+1C¢ 141 4 (1 —c{\ﬂ) EF [g1] 2

F D7, %M, M M F
p+ Ei [g1] — -5 + Diri1cy 1 (El [91] — B4 [91}) .

This establishes and completes the proof of the proposition.
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B. Appendix: Model with costly capital utilization

Our baseline model assumes capital utilization is free and the Fed targets a particular level of capital
utilization, n, = 1. While this simplifies the analysis, it leaves the welfare losses from utilizing capital
above the target level (n, > 1) unmodeled. In this appendix, we analyze a model in which capital
utilization is costly. We show that (under appropriate normalization) n, = 1 corresponds to the efficient
level of utilization. We also show that (up to a linear approximation) the characterization of equilibrium
is very similar to the characterization of the baseline model we presented in Sections [3.1] and B:2] In
particular, we obtain qualitative analogues of Egs. and that characterize, respectively, the
equilibrium interest rate and the equilibrium price. Since our results rely on these equations, it follows

that our results qualitatively hold also in this version of the model with costly capital utilization.

B.1. Environment and equilibrium with costly utilization

Throughout, we focus on the components that are different than the baseline setting described in Section

Bl
Capital utilization. In this version of the model, output is given by [cf. (T)],
Yy = ntAtkt. (Bl)

In the main text, we assumed there is no investment or depreciation and we normalized capital to one,
ks = 1. To introduce depreciation, we now explicitly keep track of capital. To parallel the main text, we
also refer to Aik; as potential output. We also denote the ex-dividend price of the market portfolio with
Q1 Ak:. Hence, QQ; denotes the price of the market portfolio per potential output as in the main text.
The main difference is that capital depreciates according to an endogenous rate, 6 (1,). As before, pro-
ductivity grows at the exogenous rate, g;. Therefore, potential output evolves according to the following
analogue of :
log (A¢i1kis1) = log (Arke) + g0 — 6 (1) - (B.2)

Efficient level of utilization and output. As a benchmark, consider the efficient level of capital
utilization and output. We analyze this frictionless benchmark in Section at the end of this appendix.
Specifically, we consider a scenario with no nominal rigidities and no other distortions (in particular,
monopoly distortions are corrected by appropriate subsidies). We show that firms’ optimal choice of

factor utilization satisfies:

&' (1) Q¢ = 1. (B.3)

Hence, efficient utilization ensures that the marginal depreciation rate is equal to the marginal product
of capital.

To simplify this expression further, note that most of the analysis in Section [3.1] continues to apply in
this case. In particular, the output-asset price relation in Eq. . Substituting y; = 1, A¢k:, this implies:

1l—e?

N = TQt' (B.4)
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Combining Egs. (B.3)) and (B.4]), we find that the efficient level of utilization solves:

1—e?
! * *
)" = (B.5)
We assume the depreciation function satisfies the following.

l—e” "
e~P °

Assumption 1Y. §(n) is strictly increasing and convex over R, . In addition, §' (1) =

The first part of the assumption ensures that there is a unique solution to (B.5). The second part

normalizes the efficient utilization to one, n* = 1.

Nominal rigidities. Set against this benchmark, we consider firms that are subject to nominal
rigidities similar to the standard New Keynesian setting. We relegate the details to Section [B:3] at the
end of this appendix. There is a continuum of monopolistically competitive production firms that own
the capital stock and produce intermediate goods (which are then converted into the final good). For
simplicity, these production firms have pre-set nominal prices that never change. The firms choose their
capital utilization rate, n, > 0, subject to the individual-firm analogues of Egs. and . These
features ensure that output is determined by aggregate demand as long as the firm’s price is above its

marginal cost. Specifically, we obtain the following analogue of Eq. in the main text,

y; = c; as long as c 1 > 6" (n,) Q- (B.6)

Comparing Egs. (B.3) and illustrates that output is determined by aggregate demand in a neigh-
borhood of the efficient benchmark. For simplicity, we consider the limit, ¢ — 1, so that output is always

determined by aggregate demand: that is, we recover Eq. in the main text.

Monetary policy. The Fed attempts to ensure utilization and output are equal to their efficient
levels on average. With Assumption 1V, the efficient outcome is 1, = 1 and y; = Ak;. Therefore, the

Fed sets 7‘{ to ensure output equals its potential on average as in the main text [cf. @]

EF Nlogy,] = log A;k;.

The rest of the model is the same as in Section 3] The equilibrium is defined analogously to Definition

@

B.2. Characterization of equilibrium with costly utilization

We next provide a partial characterization of the equilibrium. We show that (up to a linear approximation)
Egs. and from the main text remain qualitatively unchanged.

Equilibrium in the goods market. As we already noted, the output-asset price relation also
holds in this case. As before, this implies we can think of monetary policy as stabilizing the price of the
market portfolio per potential output [cf. Eq. (12))]:

efp

El [q)] = ¢* where ¢* = log gyt

(B.7)
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Here, ¢* is the level of the price that ensures factor utilization (and output) is at its efficient level, n* = 1
[cf. (B.4)].

As before, we can write the payoff from the market portfolio that includes both output and the
current asset price level as

Ytr1 + Qt+1At+1kt+1 = eth+1At+1kt+1~

Substituting this into Eq. , we obtain the following expression for the equilibrium return on the market
portfolio:
e’ Qi1 Ar1ki41

Tt,t+1 = log T OAkE = p+gi—0(m) + g1 —q

1—e?
= pH+gi+ Gy —q—6 <e—9 exp (‘It)) (B.8)

Here, the first line uses Eq. and the second line substitutes 7, in terms of the price using Eq. .

Eq. illustrates that the one-period-ahead return in this case is slightly different than in the
main text [Eq. ] In particular, an increase in the price per unit of potential output leads not only
to a direct reduction in the one-period-ahead return but also an indirect reduction as it increases capital
depreciation (due to greater utilization). This introduces a nonlinearity that complicates the analysis.

For analytical tractability (and to ensure continuity with the main text), we proceed by considering
a linear approximation. Specifically, linearizing Eq. around the efficient price level ¢z = ¢*, we
obtain:

Teapl = P gt @i —@—0 —D(g—q"), (B.9)
where 6 = §(n*) and D =§' (n*).

Here, the derived parameter §* denotes the depreciation rate associated with the efficient level of uti-
lization (n* = 1). The derived parameter D > 0 captures the marginal impact of capital utilization on
depreciation around the efficient level. For the rest of the analysis, we assume investors choose their

portfolios as if the return is given by the linear approximation in .

Equilibrium in asset markets. The linear approximation ensures that the one-period-ahead mar-
ket return follows a log-normal distribution. Consequently, the equilibrium return satisfies Eq. from

the main text: "
vary” [rei+1]
—

As before, the discount rate depends on the risk-free rate and the variance of the return on the market

—M
E, [regs] =r] +

portfolio. Combining this expression with Eq. , we also solve for the asset price. In particular, we
obtain the following analogue of Eq. from the main text:

; vard gy

(1+D)gs— ¢ D=p+g— 0 +EM [qrs1] — 7] 5 (B.10)

As before, the equilibrium price increases in the dividend yield (p), in the growth rate (g;), in the
expected price in the next period (EM [gi41]); and decreasing in the risk-free interest rate (r{) and in
the variance of the price in the next period (var) [g;11]). The only difference is that changes in these

variables have a dampened effect on the asset price. This is because any increase in the asset price is also
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associated with an increase in depreciation (due to greater capital utilization) that reduces the expected
return and mitigates the increase in the price.

To solve the equilibrium further, note that the Fed sets the interest rate to ensure Ef [¢;] = ¢* [cf.
Eq. ] Combining this observation with Eq. , we solve for the interest rate:

* * EF UG’TM [qt+1]
rl =p+El (9] -5+ Bl [EX) o)) —¢" — = [ tQH ] : (B.11)
Substituting Eq. into Eq. (B.10]), we also solve for the equilibrium price as:
1 — BF [g]) +
@w=q+—= 9 = By lot (B.12)

L+ D | (EM, lgt1] — EF [EMy (ae1]]) — 5 (vart]y [qesa] — EF [var}y [qi]])

Comparing Eqgs. (B.11) and (B.12)) with their counterparts in the main text [cf. and (L7)]

illustrates that the analysis remains largely unchanged. In particular, the expression for the risk-free

rate is essentially the same as its counterpart in the main text (the only difference is the depreciation
parameter, 6*). The expression for the price is slightly different and features the dampening effect we
discussed earlier. As before, the Fed attempts to neutralize shocks to asset valuations on average according
to its belief. Any shock that it cannot neutralize affects the equilibrium price by a factor less than one
(1/ (14 D)).

Note also that all of our results in the main text rely on the partial characterization in Egs. and
. Since Egs. (B.11) and (B.12) are qualitatively the same, all of our results qualitatively generalize
to this setting. For instance, it is easy to check that the equilibrium with common beliefs satisfies [cf.

Egs. and in Section :

H% (gt - Ef [Qt])

e moprerth
2

@ = q+

th p+ Ef gt

In this case, the price reacts to changes in aggregate demand by less than one-to-one due to the dampening
effect The interest rate is given by a similar expression as before with the difference that the variance of
aggregate demand leads to a smaller risk premium due to the dampening effect.

Likewise, under Assumption D, the equilibrium with belief disagreements satisfies [cf. and
in Section :

qe = q* + H7D (gt — EtF [gt]) for ¢ 2 2,
;D)WW%A [941]

1+
(Ei\flu [9t+1] - E?Erl [9t+1]) A B

andr{ = p+EF[g]+ for t > 2.

1
1+D
As in the main text, the interest rate depends on expected future disagreements. The only difference
is that future disagreements have a smaller impact on the interest rate due to the dampening effect.
Therefore, our analysis in Section [ remains qualitatively unchanged. As before, the interest rate is given
by a weighted average of the Fed’s and the market’s beliefs. In this case, the weight on the market’s
belief is smaller and reflects the dampening effect (in addition to the confidence effect that we discussed

in the main text).
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B.3. New Keynesian microfoundation with costly utilization

In the rest of this appendix, we describe the firms’ optimization problem in detail and derive Eqs. (B.3)
and (B0).

There is a continuum of measure one of monopolistically competitive production firms denoted by v.
These firms own the capital stock (in equal proportion) and produce differentiated goods, y; (v), subject

to the technology,
yo (v) = 1, (v) Asks. (B.13)

Here, n, (v) > 0 denotes the firm’s choice of capital utilization. Utilizing the capital at a higher rate leads

to greater depreciation. Thus, potential output follows:

log (At 1kt (v)) = log (Acky (v)) + gt — 0 (n, (v)) - (B.14)

The firm maximizes its value subject to Eqs. (B.13) and (B.14) taking the price per capital (Q:) as

given. We will consider symmetric equilibria in which firms choose the same level of capital utilization
and output so Egs. (B.13) and (B.14]) imply their aggregate counterparts in (B.1]) and (B.2).
The production firm sells its output to a competitive sector that produces the final output according

to the CES technology,
1 . e/(e—1)
Y = </ Yt (1/)T dl/) )
0

for some ¢ > 1. Thus, the demand for the firms’ goods implies,

y: (v) < pi (v)"" ye, where p; (v) = P, (v) /P (B.15)

Here, p; (v) denotes the firm’s relative price, which depends on its nominal price, P; (v), as well as the ideal

_ 1/(1—¢)
nominal price index, P; = ( fol Py (v )1 “dv . We write the demand constraint as an inequality

because the firm can in principle refuse to meet the demand for its goods.

Finally, we also assume there are linear subsidies designed to correct the inefficiencies that stem
from the firm’s monopoly power. In particular, the firm’s revenue is given by y; (v) ps (v) (1 + 7) where
7 denotes a linear subsidy on output. These subsidies are financed by lump-sum taxes, that is, each
firm pays T' =7 fol ye (V) pe (V) dv. We set 1+ 7 = ¢/ (¢ — 1) which will exactly neutralize the monopoly
distortion.

We start by analyzing a frictionless benchmark without nominal rigidities. Specifically, suppose firms

reset their price every period. Combining Eqs. (B.13)), (B.14), and (B.15]), the firm’s problem can be

written as:

Y W)y (V) (L+7) =T +exp (=6 (n; (v))) exp (0 (n;)) QrArke, (B.16)

sty (V) =mn, (V) Acke < yepr (V) °.

Here, the first term in the objective function captures the after-subsidy revenues. The second term
captures the lump-sum tax. The last term captures the value of the firm’s capital stock when it chooses
the utilization rate, n, (v), and other firms choose the utilization rate, n,. To understand this expression,
note that Q;A; is the price per unit of capital at the end of period ¢. This also incorporates depreciation

that takes place between periods. Hence, exp (§ (1;)) Q+A; is the price per nondepreciated unit of capital
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at the beginning of the next period. Consequently, exp (—=d (n, (v)))exp (d (n,)) Q:A; is the price per
capital at the end of period ¢ if the firm chooses the depreciation rate 7, (V).
Note that the inequality constraint in (B.16)) holds as equality (if not, the firm can always raise its

price and increase profits). Using this observation, the optimality condition for p; (v) gives:

€
e—1

(1+7)pe (v) = 6" (n; (v)) exp (=0 (n, (v))) exp (8 (1)) @s-

The firm ensures that its after-subsidy price is equal to a constant markup over marginal cost. The
marginal cost depends on the marginal effect of factor utilization on depreciation, &' (1, (v)). Substituting
1+7=¢/(e —1), and using the observation that in a symmetric equilibrium all firms set the same price

and allocation, p; (v) = p: = 1,7, (v) = n,, we obtain:
1=4"(n,) Q-

This proves Eq. (B.3|) from Section

Set against this frictionless benchmark, the firms in our setting have preset nominal price are equal to
one another, P; (v) = P. This also implies the relative price of a firm is fixed and equal to one, p; (v) = 1.
Therefore, the firm solves the following analogue of problem (B.16)):

max g, (v) (147) =T+ exp (=6 (1 (v))) exp (6 (1)) Qs Ak, (B.17)

N (v),ye(v)
sty (v) =n, (v) Ak < yq.

Hence, the firm’s only choice is whether to meet the demand at its fixed price. The firm will do so as

long as its after-subsidy price (1 + 7) is above the marginal cost, that is:

L+7 >0 (n,(v) exp (=0 (n, (1)) exp (6 (1)) Qs-

Substituting 1 + 7 = ¢/ (¢ — 1), and using the observation that in a symmetric equilibrium all firms set

the same allocation, n, (v) = n,, we find that the firm meets the demand as long as:

€
c_1 > 8" (n,) Qs

This proves Eq. from Section
Comparing Egs. (B.3)) and illustrates that in a neighborhood of the efficient benchmark output

is determined by aggregate demand. For analytical tractability, we consider the limit in which markups
are large, ¢ — 1, in which case output is always determined by aggregate demand. In particular, we

recover Eq. from the main text.
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