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Abstract

Central banks operate in a world in which there is substantial uncertainty regarding the
transmission of its actions to the economy because of uncertainty regarding the formation of
private-sector expectations. We model private sector expectations using a finite horizon plan-
ning framework: Households and firms have limited foresight when deciding spending, saving,
and pricing decisions. In this setting, contrary to standard New Keynesian (NK) models, we
show that “an inflation scares problem” for the central bank can arise where agents’ longer-run
inflation expectations deviate persistently from a central bank’s inflation target. We formally
characterize optimal time-consistent monetary policy when there is uncertainty about the plan-
ning horizons of private sector agents and a risk of inflation scares. We show how risk manage-
ment considerations modify the optimal leaning-against-the-wind principle in the NK literature
with a novel, additional preemptive motive to avert inflation scares. We quantify the importance
of such risk management considerations during the recent post-pandemic inflation surge.
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1 Introduction

It has long been recognized that uncertainty is a pervasive feature affecting the design and conduct
of monetary policy. Substantial research has been devoted to study how different forms of model
uncertainty affect our understanding of the principles underlying the design of optimal monetary
policy.! In this paper, we contribute to this literature by studying optimal time-consistent policy
when policymakers are uncertain about the nature of expectations formation. We do this in the
context of a microfounded model in which the cognitive ability of economic agents to solve complex
infinite-horizon planning problems is limited. In particular, we use the New Keynesian, finite
horizon planning (NK-FHP) framework developed in Woodford (2018) in which households and
firms are boundedly rational because they have limited foresight: they use structural relationships
to evaluate the full set of state-contingent paths along which the economy might evolve only up to
a finite horizon.

An appealing feature of the NK-FHP model that we demonstrate in this paper is that it provides
microfoundations for the “inflation scares” discussed in Goodfriend (1993) in which longer-term
inflation expectations of the private sector can move persistently away from a central bank’s inflation
target. This feature makes the NK-FHP model suited to study the design of optimal policy when
there is a risk of an inflation scare. To do so, we extend the NK-FHP framework of Woodford (2018)
to an environment in which certainty equivalence no longer applies, because there is a distribution
of agents with different planning horizons that changes over time. These fluctuations give rise to
uncertainty that is non-additive and implies that optimal monetary policy depends not only on the
means of output and inflation, but on the distribution of the output gap and inflation as well as
agents’ beliefs about future inflation.

There are additional benefits to studying optimal policy under uncertainty in a model in which
agents have finite horizon planning. On the theoretical side, varying the foresight of households and
firms allows us to flexibly approximate starkly different ways that the private sector agents may
form expectations that are relevant for monetary policy. When agents make plans over very long
horizons, expectations formation is rational, longer-run inflation expectations are well anchored
at levels consistent with a central bank’s inflation objective, disinflations are relatively costless,
and the transmission of monetary policy occurs relatively quickly. In contrast, when agents have
short planning horizons, agents are not fully rational: while they are sophisticated in thinking
about events inside their planning horizon, they are less sophisticated in forming beliefs about
events outside their planning horizons. In particular, they learn and update their longer-run beliefs
averaging over past data that they have observed. This behavior gives rise to movements in trend
inflation and output that reflect the private sector’s longer-run beliefs (i.e., those pertaining to
developments outside their planning horizon) and that change in response to realized data. With
households and firms updating their longer-run beliefs based on past data, longer-run inflation

expectations can become unanchored, disinflations can be costly, and the transmission lags of

1See Barlevy (2011) for a discussion of the Bayesian and robust control approaches to modeling uncertainty as
well as a survey of the literature.



monetary policy can be long.

On the empirical side, the NK-FHP framework has been shown to be a fruitful way to model
business cycle fluctuations in output, inflation, and interest rates as well as survey evidence on
predictability of forecast errors. In particular, Gust, Herbst, and Lépez-Salido (2022) show that the
model fits the macroeconomic time series substantially better than other behavioral models as well
as the “hybrid” NK model that features rational expectations, habit persistence in consumption,
and exogenous price indexation. The model is also capable of generating substantial inflation
persistence and realistic costs to an anticipated disinflation announced by a central bank. Moreover,
because the model has been estimated, we can use its parameter estimates to help quantify how
important limited and uncertain foresight is for the conduct of monetary policy. In addition, Gust,
Herbst, and Lépez-Salido (2024) extend this work and show—analytically and empirically-that such
a model accounts for an initial underreaction and subsequent overreaction of inflation forecasts.

Our analysis also builds on the prominent work of Clarida, Gali, and Gertler (1999), who study
optimal policy under discretion for a central bank with a dual mandate objective when private
sector agents have rational expectations. They show that policy should “lean against the wind” by
contracting aggregate demand whenever inflation is above a central bank’s objective. This “lean

)

against the wind policy” implies a short run tradeoff between inflation and output variability in an
environment where longer-run inflation expectations are well anchored (at a level consistent with
a central bank’s target). This anchoring of inflation expectations in part reflects the rationality of
private sector agents who fully understand the implications of how optimal policy under discretion
acts to ensure that inflation converges to a central bank’s objective.

We show that when households and firms planning horizons are long enough, optimal policy in
the NK-FHP model is equivalent to the “leaning against the wind” strategy discussed in Clarida,
Gali, and Gertler (1999). But, when agents have short planning horizons, agents’ beliefs about
longer-run inflation can move persistently away from a central bank’s inflation target, and a poli-
cymaker acting under discretion follows a modified “lean against the wind” strategy that involves
a forward-looking, anticipatory response to inflation. This anticipatory response reflects that a
central bank realizes that inflationary pressure will boost private sector’s future beliefs about trend
inflation, leading to long-lasting departures of inflation from a central bank’s objective. As a result,
a central bank has a strong desire to act aggressively and preemptively to keep inflation close to
target, which in turn helps anchor private-sector beliefs about trend inflation at their objective.

When policymakers are uncertain about the share of agents with different horizons, they are
also uncertain about how agents’ beliefs regarding longer-run inflation might evolve. We find that
optimal, time-consistent, policy under uncertainty is such that the central bank acts more aggres-
sively than when policymaker has perfect certainty about the nature of private-sector expectations
formation. This results stands in contrast to the classic result in Brainard (1967), who showed
that uncertainty about the effect of policy on the economy implies that policy should attenuate its
response to shocks relative to the certainty-equivalent case. This more aggressive response reflects

that uncertainty about expectations formation increases the likelihood that households’ and firms’



beliefs about longer-run inflation may move away from a central bank’s target, leading to persistent
departures of inflation from its objective. To avoid such undesirable outcome the central bank sets
a relatively more aggressive policy path than under certainty.

Despite this more aggressive response, we show that an environment where inflation has been
running above a central bank’s objective, uncertainty about private-sector’s forecast leads to a much
wider dispersion of outcomes for inflation and the output gap than when expectations formation
is known with certainty. In particular, with uncertain expectations formation, the distribution for
inflation displays a long tail of above-target inflation and the distribution for output displays a
long tail of below-potential activity. These less favorable outcomes under uncertainty reflect that
the policy tradeoff between inflation and output gap stabilization worsens notably relative to the
case in which the central bank is certain about how expectations are formed. We illustrate this
feature by showing that the inflation-output variance frontier (Taylor (1999)) shifts as a result of
uncertainty regarding agents’ planning horizons.

We use the empirical estimates of the NK-FHP model of Gust, Herbst, and Lépez-Salido (2024)
to quantify the gains to incorporating risk-management considerations into the conduct of monetary
policy when policymakers are uncertain about the foresight of the private sector. To evaluate these
gains in an environment in which there is a heightened risk that above-target inflation could lead
to an unanchoring of private-sector’s longer-run inflation expectations, we use information from
the FOMC’s Survey of Economic Projections (SEP) in March of 2023. We use this information
to construct a baseline scenario to compare optimal policy under uncertainty with alternative
strategies, including one that would be optimal under certainty equivalence. We find that optimal
policy rate response involves a considerably more aggressive response to the above-target inflation
projected in the March 2023 SEP than the optimal response under certainty equivalence. Moreover,
the gains associated with taking a risk management approach can be sizable in an environment
where inflation has been running above a central bank’s target and influences the private sector’s
beliefs about trend inflation.

Literature review. Building on Clarida, Gali, and Gertler (1999), this paper bridges two strands
of the literature on optimal monetary policy. The first analyzes optimal monetary policy when
expectations formation is imperfect and includes Woodford and Xie (2022), who study the coor-
dination of optimal monetary and fiscal policy under commitment at the zero lower bound when
private sector agents have finite planning horizons, but their beliefs about events outside their plan-
ning horizon are fixed. Relative to their work, we study optimal monetary policy under discretion
when agents have finite planning horizons and agents learn and update their beliefs about events
outside their planning horizons. In addition, our focus is on optimal monetary policy when there
is uncertainty regarding the formation of private-sector expectations. Our paper is also related to
papers studying optimal policy when agents are learning including Gati (2023) and Molnar and

Santoro (2014).? Like our paper, these papers emphasize that private-sector inflation expectations

2For a survey of the literature on optimal monetary policy when the private sector agents have imperfect expec-
tations, see Eusepi and Preston (2018).



are more important when agents are learning and that there is an increased role for stabilizing
inflation.?> Our approach is distinct from these papers since we emphasize the role of uncertainty
and in particular study the design of optimal policy when the central bank faces uncertainty about
agents’ planning horizons. Moreover, unlike in these papers, private-sector agents still take into
account structural relationships over their finite-planning horizons, and thus announcements about
future monetary policy still affect economic outcomes.

Our paper is also related to the literature studying monetary policy under uncertainty and
is most closely related to those papers emphasizing uncertainty about inflation inertia using a
Bayesian approach. Séderstrom (2002), Kimura and Kurozumi (2007), and Svensson and Williams
(2008) incorporate inertia into the inflation process and show that the optimal policy response
is not attenuated as in Brainard (1967) but is more aggressive than is the case under certainty
equivalence. Our model differs from these earlier papers, as we explicitly model uncertainty about
expectations formation and the unanchoring of agents’ longer-run inflation beliefs as well as inves-
tigate the mechanism quantitatively during the high inflation that occurred in the United States
in the aftermath of the pandemic.*

The rest of this paper proceeds as follow. The next section discusses our NK-FHP model
including how we model the uncertainty a central bank faces about agents’ planning horizons. We
then discuss optimal discretionary policy when private sector agents have finite planning horizons.
The fourth section discusses the results and the final section offers some conclusions and directions

for future work.

2 Optimal Policy in a Finite-Horizon Planning Model

We use the NK-FHP model of Woodford (2018) to study optimal monetary policy when the central
bank is uncertain about expectations formation and more specifically the planning horizon of agents
in the model. To model uncertainty, we follow Svensson and Williams (2005), who model uncer-
tainty using different “modes” or regimes that follow a Markov process. For the different modes,
we assume that there are two types of agents that populate the economy: those with long planning
horizons whose expectations take into structural relationships far into the future, and those with
short planning horizons whose expectations about events beyond their planning horizons depend
on past data. The distribution of agents is time-varying and governed by a Markov process. While

a central bank observes the current distribution of agents, it is uncertain about this distribution in

3The dynamic target criteria implied by optimal policy in the FHP model is distinct from those implied by the
adaptive learning models of Gati (2023) and Molnar and Santoro (2014). In those models, the central bank adjusts
the static targeting rule by responding to terms that reflect the expected discounted value of the future path of output
gaps. In our model, the central bank adjusts the static targeting rule by responding to a term involving the expected
discounted value of the future path of inflation gaps, as deviations of inflation from a central bank’s target can lead
to an undesirable drift in agent’s longer-run inflation beliefs.

4Similar to our paper, Kimura and Kurozumi (2007) also provide microfoundations for inertial inflation dynamics.
In their case, it arises because a subset of firms do not optimally choose their prices but set their prices based on
lagged inflation. In contrast, the firms in our model choose their prices optimally but are boundedly rational because
of their finite planning horizons and the learning they do about events outside of their planning horizons.



the future.

The central bank chooses the interest rate to minimize expected discounted losses consisting of
squared deviations of inflation from the central bank’s inflation objective and squared deviations
of the output gap. The monetary authority acts in a time-consistent fashion taking as given the
equilibrium conditions of the private sector. While private-sector agents have a finite horizon and
thus are boundedly rational, the central bank is assumed to have rational expectations and thus
uses its knowledge of the economy and sources of uncertainty to make interest-rate decisions. A
key focus of our analysis is to compare the decisions of a central bank acting under uncertainty
about expectations formation to a central bank who does not face this uncertainty. This allows us

to isolate the effects of this particular source of uncertainty on economic outcomes.

2.1 Heterogeneous Planning

In this subsection we provide an abbreviated discussion of the NK-FHP model that we study,
highlighting the source of model uncertainty that a central bank faces as well as the equilibrium
beliefs of FHP households and firms. For a more detailed discussion of the model, see Woodford
(2018).

The economy is populated by two groups of households and firms that differ in their planning
horizons, k € {ko, k1}. For the group of households and firms with planning horizon k, they make
decisions at time t based on formulating state-contingent plans through period ¢ 4+ k. Within their
planning horizon, they use the full knowledge of the model to formulate those plans except that
they form beliefs about the aggregate variables assuming that all other agents have the same k-
period planning horizon as themselves. Under these assumptions, Woodford (2018) shows that the

time ¢ beliefs of household and firm over their generic k£ period planning horizon satisfy:

= /BETWL_J + Kyl + u, (1)

vl =Byl —o (i - Bondiy =18, (2)

for 7 =t+k—j and j > 0 where j indexes the number of periods left in an agents’ planning horizon
and k denotes an agent’s planning horizon. The variables 7 and yi represent agents’ beliefs for
aggregate inflation and spending in period 7 where both variables are expressed in log-deviation
from steady state. We assume that the central bank’s inflation target is fixed at the steady-state
inflation rate, and we abstract from technology or other shocks that move the level of potential
output so that it is constant and it corresponds to the steady state level of output around which the
economy fluctuates. The variable, i]T', (which is also in log-deviation from steady state) corresponds
to agents’ beliefs regarding the setting of the policy rate.

The expectations operator, Fy, in equations (1) and (2) denotes the model-consistent operator.
However, the variables with the j superscripts reflect the subjective expectations of agents with
finite planning horizons of length k. In particular, as shown in Woodford (2018), we can define the

subjective expectations operator, E,’f such that for variable Z;,,_; with & > j > 0, the following



relationship holds:
Bf Ziiny = BiZ] 4. (3)

Expression (3) provides a mapping between the subjective expectations operator of an agent with a
k-period planning horizon and the model-consistent expectations operator. The variables indexed
by j reflect the subjective expectations of an agent with a k-period horizon, which depart from
rational expectations in two ways. First, they only formulate fully-state contingent plans for k
periods rather than their infinite lifetimes. Second, they view all other agents as having the same
k-period horizon as themselves.

The variables u, and r¢ represent exogenous aggregate shocks to firm’s pricing and household’s

spending decisions, respectively.” These shocks are assumed to follow AR(1) processes:

Up = PylUp—1 1 €yt (4)
T = prri_1 + ert, (5)

with the parameters p, and p,, between zero and one, measuring the persistence of the shocks.
The innovations to these shocks are assumed to be iid normal random variables with standard
deviations, o, and o,, respectively.

Equation (1) reflects the beliefs of the firms who have the opportunity to change their prices at
date t. Likewise, equation (2) represents household beliefs about their spending decisions. These
equations can be iterated forward to show that the spending and pricing decisions at time ¢ of

households and firms with a k-period horizon satisfy:

k-1
=By BlRyl + ue] + BBy, (6)
=0
k-1
k k—1 k—1 0
Yy = ok Z[ZtJril = Tprir1 — Tl T Bilirp (™)
=0

As k — o0, it can be shown that the ‘canonical’ NK model used to study optimal policy in Clarida,
Gali, and Gertler (1999) is a special case of equations (6) and (7). In that case, households’ and
firms’ planning horizon extends over their infinite lifetimes, and they use the model’s structural

relationships over their infinite lifetimes to make their spending and pricing decisions.

2.2 Longer-Run Learning

For households and firms with a finite horizon k, equations (6) and (7) indicate that their spending

and pricing decision depend on their beliefs at the end of their planning horizons. As shown in

5The shock, r¢, affects a household’s discount factor and is a departure from the preference shock used in Woodford
(2018). The appendix in Gust et al. (2024) shows how to derive the log-linearized equilibrium conditions shown here
from an FHP household’s optimization problem in the presence of these shocks.



Woodford (2018), these beliefs satisfy:

Tk = KYyr + Bopt + Urik (8)

y?+k = —U(ingk — Tt4k) + Unt, 9)

where v,; and vy, represents the continuation value functions of the economy’s firms and households,
respectively. These value functions reflect the beliefs of households and firms for events outside
of their planning horizon, as they have infinite lifetimes and assign continuation values to events
outside of their planning horizons. While they make their time ¢ decisions taking v, and vy as
fixed at date ¢, households and firms, as discussed in Woodford (2018) update these continuation
values over time as part of their optimization problem.® Specifically, households and firms learn

and update vy, and vy according to:

Upt+1 = (1 — ¥p)vpt + Yp7ie (10)
Uptr1 = (1 = yn)vne + v (ye + omy), (11)

where, 7, and y; denote aggregate inflation and output (in log deviation from steady state), re-
spectively; and 7, and 7, are parameters that determine how quickly firms and households update
their beliefs in response to recent aggregate data.” In short, households and firms make sophisti-
cated plans and forecasts within their planning horizons, using their full knowledge of the model’s
structural equations. However, for longer-run events (i.e., those outside of their planning horizons),
households and firms are less sophisticated, updating their beliefs based on past economic outcomes.

While longer-run learning introduces two extra parameters, 7, and =, it has both theoretical
and empirical benefits. On the theoretical side, it gives the FHP model attractive properties in
response to long-lasting changes in policy or economic fundamentals. Without learning, v,; and
vpe are fixed. Accordingly, these values do not change in response to long-lasting economic events
and households and firms will continue to use outdated value functions if, for example, there is
a permanent change in a central bank’s inflation target. In contrast, with learning, the value
functions of households and firms will change and eventually fully reflect the change in a central
bank’s inflation target. On the empirical side, Gust et al. (2022) show that the longer-run learning
allows the FHP model to generate substantial aggregate persistence and fit macroeconomic data
without resorting to additional features such as habit persistence or price contracts indexed to
lagged inflation.

Inflation Scares. Firms’ beliefs about events outside its planning horizon play a particularly

important role in our analysis. In particular, v,; can be interpreted as a firm’s longer-run beliefs

5In making their time ¢ decisions for prices and spending, households and firms ignore that their value functions
change over time and thus the learning framework we adopt uses an ‘anticipated utility’ approach (e.g., Cogley and
Sargent (2008)).

"For convenience, we have rescaled a firm’s value function by the probability that the firm can re-optimize their
price. Thus, relative to Woodford (2018), vy = (1 — 0,)v;, where 1 — 6, is the probability that a FHP firm has the
opportunity to re-optimize its price and v; is the continuation value at date ¢ of such a firm.



about inflation, as a firm updates their value functions v,; based on past inflation. Thus, agents’

longer-run beliefs about inflation evolves slowly, as equation (10) implies:

t—1
Upt = Vp Z(l - ’Yp)iﬂ-tflfia (12)
=0

where the parameter v, determines the importance of recent lags of inflation relative to distant lags.
Because v,; depends on past deviations of inflation from the central bank’s target, agent’s longer-run
inflation beliefs will evolve endogenously in response to the economy’s (persistent) shocks and can
potentially drift away from zero—the level consistent with their being anchored at a central bank’s
inflation target. Such adverse movements in longer-run inflation expectations are closely related
to the “inflation scares” defined by Goodfriend (1993) and discussed in Orphanides and Williams
(2005) and Orphanides and Williams (2022). Accordingly, the FHP model with longer-run learning
can be viewed as providing microfoundations for the notion of inflation scares emphasized in the
literature. Later, we discuss how optimal (time-consistent) policy is affected by the presence of

inflation scares.

2.3 Model Uncertainty

We use the heterogeneity of households and firms as the key source of uncertainty faced by the
central bank. Equations (6) and (7) describe the decisions for inflation and spending decision for
two groups of households and firms, as k € {ko,k1}. A central bank faces uncertainty about the
fraction of agents with different planning horizons. Specifically, we denote wy = w(my) as the share
of households and firms with horizon ko at date t. The variable m; is random with m; € {0, 1}.
These values correspond to the different modes, and the modes follow a Markov process with

constant transition probabilities:
Pppn = Pr{mu1 = nlm; =m}, m,n=0,1 (13)

with the matrix P denoting the 2 x 2 matrix [P,,]. We assume there is a unique stationary
distribution of nodes given by p = pP, where p is a row vector consisting of the ergodic probabilities.

Aggregate inflation and aggregate spending reflect the distribution of agents at time t:

T = w4 (1 — wy) i (14)
ye = @y + (1= w)yr", (15)

Accordingly, aggregate inflation and output reflect uncertainty arising from fluctuations in the
length of agents’ planning horizons. This form of uncertainty moves us beyond a linear framework
with additive shocks so that certainty equivalence no longer holds. However, the analysis remains

tractable since conditional on m;, the model equations are linear.



3 Optimal Monetary Policy

A central bank minimizes an intertemporal loss function involving the squared deviations of inflation

and the output from their respective targets:
1 (o)
_ T—t 2 2
Ly = §Et ; 3 [T('T + )\yT] , (16)

The parameter ) is the central bank’s relative weight on fluctuations in the output gap.® Unlike
households and firms, a central bank has rational expectations and formulates policy over an infinite
horizon using its full knowledge of private-sector behavior. We also assume that policymakers can

not commit and reoptimizes each period in a time-consistent fashion.

3.1 Private Sector (Policy) Beliefs

Before discussing the central bank’s problem, it is useful to discuss the beliefs of households and
firms about future monetary policy. Because households and firms can not formulate plans through
an infinite horizon, their perceptions about future monetary policy differ from the policy that the
central bank can implement. In particular, they perceive that in formulating policy the central
bank has a k-period planning horizon like themselves. This impacts their future beliefs about
monetary policy. For current policy, household and firm simply observe the policy decision at date
t so zf =13 for k = kg, k1. For their date ¢ forecasts of policy over the remainder of their k-period
horizon, they perceive that the central bank chooses i for j=12.,k—land T=t+k—jto
satisfy a sequence of minimization problems:

Wi(sr) = min [(72)* + A(5)*] + BE- (W] (sr41)] (17)

i

subject to equations (1) and (2). In equation (17), s; = (ut,ry) denotes the vector of shocks.
The private-sector agents’ perceptions of the central bank’s problem reflect that they believe the
central banks has the same subjective expectations as themselves and work through future state-
contingencies in a model-consistent fashion only through a finite k-period horizon.
At the last period of their planning horizon (j = 0), they perceive that the central bank
minimizes:
W?+k(3t+k) = %ﬁn [(F?Hc)z + )\(y&k)z} (18)

Ytk
subject to equations (1) and (2), taking as given v, and vy,;. Households and firms perceive that the
central bank, like they do, takes the continuation value functions as fixed at date . When agents

have a finite planning horizon, this perception as we discuss below is incorrect, because the central

8We assume that inflation in the model’s non-stochastic steady state is equal to a central bank’s inflation target;
hence, we use deviation from target and deviation from steady state, interchangeably. Similarly, the aggregate supply
shock, u; is assumed not to affect the level of potential output; hence, we use deviations of output from steady state
and the output gap, interchangeeably.



bank has an infinite horizon and takes into account the evolution of the value functions. In the
special case in which agents have an infinite planning horizon (k — o), agents policy perceptions
will be correct, and there will be no difference between actual and perceived policy.

Iterating backwards from the problem at the end of agents’ planning horizon, the first order
conditions from the sequence of problems imply that private-sector agents perceive that the central
bank follows the targeting rule:

k_J

yi—i—k‘—] = _Xﬂ-t-‘rk‘—j' (19)

for j =0,1,...k — 1.

Agents’ Perceived LAW. The agents’ perceived targeting rule is similar to the targeting
rule under optimal discretion in the canonical NK model (e.g., Clarida, Gali, and Gertler (1999)),
which features full stabilization of demand shocks and partial accommodation of supply shocks.
In particular, this condition implies that agents believe that the central bank would pursue a lean
against the wind (LAW) policy at each future date of their planning horizon: Whenever inflation
is above target, they expect the central bank to contract demand below capacity (by raising the
interest rate); and vice-versa when it is below target. The central bank’s perceived aggressiveness
in reducing yi to combat high inflation depends positively on the gain in reduced inflation per unit
of output loss, x, and inversely on the relative weight placed on output losses, .

Sticky Expectations of Inflation. To describe the actual policy that a central bank im-
plements, it is useful first to characterize the beliefs of agents with horizon k£ about inflation next
period. As shown in the appendix, combining agents’ perceived targeting rule with equations (1)

and (8) implies that their expected inflation is given by:

k—1

- Ap BApu i

k _

Eth+11(Upt; Ut) = h +7;2 ()\ n :2 )7' Ut + a,p(k)vpt (20)
=0 Trend
Cyclical

where the use of Hf;ll (vpt, ut) instead of 7'('5;:11 is done to emphasize that this expected inflation is

function of aggregate shocks as well as a firm’s value function. The coefficient a,(k) = ( /\E_AQ)
K
determines the sensitivity of expected inflation next period to changes in agents’ longer-run beliefs
about inflation.” Intuitively, optimal policy is perceived as fully offsetting the effects on inflation
of changes in aggregate demand that occur through movements in r{ and vy;. Hence, expected
inflation does not depend on r{ or vy but does depend on the cost-push shock and price-setting

firms’ continuation value function, vy;.

9We can characterize agents’ beliefs regarding expected output next period. As shown in the appendix, agents
with a k-period horizon believe that the future output gap is given by:
k—1
P S BAp ) Ut}

A+ K2 — A+ K2

EtYfJ:ll (Upt, ut) = _; {ap(k)vpt +

10



Following Woodford (2018), we decompose variables into a cyclical component that reflects
movements in shocks and a trend component that reflects movements in agents’ longer-run beliefs.
The cyclical response of expected inflation to the cost-push shock depends on a central bank
preference for stabilization of the output gap (A), the slope of the Phillips curve (k), the persistence
of supply shocks (p,), and the length of agents’ planning horizons, k. If supply shocks are did
(pu = 0) or a central bank is perceived as stabilizing only deviations of inflation from target
(A = 0), then expected inflation is unaffected by the cost-push shock, u;. A more steeply sloped
Phillips curve or a shorter planning horizon reduces the impact of cost-push shocks on expected
inflation.

The trend component of expected inflation reflects movements in firm’s continuation value
function or their longer-run inflationary beliefs. As discussed earlier, these longer-run beliefs are
backward-looking, and they make expected inflation sticky. In addition, inflation persistently above
a central bank’s target can lead to an inflation scare, since it can result in a large value of v,; that
pushes expected inflation away from a central bank’s target. The extent to which this occurs
depends on ay(k), which determines the marginal effect of change in vy, on expected inflation. If
a policymaker is perceived to be more aggressive towards inflation (i.e., a lower value of \), this
marginal effect is smaller, implying less feedback from agents’ longer-run beliefs about inflation into
expected inflation next period. With reduced feedback, the possibility of an inflation scare is also
lower. A longer planning horizon also reduces this marginal effect: As k& — oo, household and firms
take into account the effects of the supply shock over their infinite lifetimes, and their longer-run
beliefs (vp:) become irrelevant. In that case, inflation scares are no longer possible. Finally, note
that, if the inflation-output trade off gets increasingly small (i.e., x decreases toward 0), a,(k)

approaches A* and becomes independent of the central bank’s preference parameter ().

3.2 Optimal Targeting Rule

As discussed above, we assume that the central bank has rational expectations and optimizes policy
under discretion. While the central bank does not commit to future actions, it understands how
agents’ longer-run beliefs about inflation, v,;, depend on past inflation and takes that into account
in choosing current policy. This rationality of the central bank creates a key difference between the
optimal policy that is actually implemented and private-sector’s beliefs regarding such policy (i.e.,
agents’ perceptions of optimal time-consistent policy). In particular, as we show, the optimal time-
consistent policy actually implemented has a forward-looking component that reflects that agents’
expectations of longer-run inflation depend on past inflation. This forward-looking component
reflects that optimal policy seeks to avoid the possibility of an inflation scare where longer-run
inflation expectations drift away from a central bank’s inflation target.

We now proceed to formalize these ideas. The central bank’s problem at date t can be written
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as:

1
o1

W (vpt, 81, M) = min o [II7 + \Y7] + 8 Z Pr(my1 = nfmy) W (vpt41, St41, 1) f (St41]8)dse1
t

n=0 St+1

(21)

where the function f(s¢11]s;) denotes the conditional density for the shocks to aggregate supply
and demand. In addition, Pr(m;11 = n|m;) denotes the conditional probabilities in the transition
matrix, P and II; = m(vp, s¢,my; i) and Y¢ = y(vpe, S¢, my;4¢) denote functions that determine
the deviations of aggregate inflation and output from their targets, respectively. The central bank
chooses the policy rate, i;, taking as given the private sector’s equilibrium conditions and the
functions determining agent’s beliefs regarding future inflation and output. These equilibrium

conditions can be written as:

Ht = ﬁEtHH_l + :‘QYt + U (22)
Yt = Eth+1 — 0 (Zt — Eth+1 — Tte) (23)

Upt+1 = (1 - ’Yp)Upt + "Yth

where w; = w(my). Expressions (22) and (23) resemble the expressions that determine inflation and
the output gap in the canonical NK model except that the functions, Fl;; 1, and E;Y41 reflect
the finite planning horizons of agents in the model. These expectations are population-weighted

averages of agents’ expectations for inflation and the output gap, respectively:

Eth+1 = thtH?il(’Upt, Ut) + (1 — wt) Etl_«[f_}_l (’Upt, Ut)

Eth+1 = thtYf_?_l(vpta ’LLt) + (1 — wt) EtYf_}_l (Upt, ut)

To set the optimal time-consistent policy, the central bank takes the functions, EtHf_Ill and
EtYf;f as given for k € {ko,k1}. However, a few additional comments are in order. First, the
central bank takes into account that its interest-rate decision affects agents’ beliefs indirectly since
these expectational functions depend on v, which in turn depends on past (aggregate) inflation.
Accordingly, in setting the current policy rate, i;, the central banks takes into account that v,si1
depends on current inflation. Second, in choosing i;, the central bank knows the current values of
the aggregate demand and supply shocks as well as wy, the current distribution of households and
firms. However, the central bank’s problem is dynamic and the central bank does not know the
distribution of agents in the future and uses the probabilities of the modes to weigh future losses.
Third, unlike the other macroeconomic shocks, fluctuations in w; are not additive: fluctuations in w;
interact multiplicatively with the model’s endogenous variables. Accordingly, certainty equivalence
does not hold. Still, the central bank’s problem remains linear-quadratic conditional on wy, keeping
the treatment of model uncertainty relatively tractable following the approach of Svensson and
Williams (2005).
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As shown in the appendix, the optimal targeting rule is given by:

A
Tt + YpBEWpty1 = Y (24)

Wit = Bapime + B [1 — (1 — Bapt)] EtWpi 11 (25)

where aggregate inflation (m;) and the output gap (y;) are given by expressions (14) and (15),
respectively. The term ap: = wiap(ko) + (1 — wy)ap(k1) reflects the marginal effect of a change in
vpe on a weighted average of agents’ expectation of inflation next period. The function, Wy =

Wy (vpt, s¢,my) is marginal effect of vy, on the central bank’s loss function and EyWp 1 satisfies:

1
EiWpi+1 = Z Pr(my1 = nfmy) Wp(vpt+1s St41, 1) f(St41]8t)dsi41 (26)

n—=0 St+1

Expression (24) extends the the celebrated LAW principle of Clarida et al. (1999) to an environ-
ment with finite horizon planning and longer-run learning. The first component of the right-hand
side of the targeting rule reflects the static LAW principle derived by Clarida et al. (1999): If
inflation is above the target m > 0, as a result of the cost-push shock, then the optimal policy
pushes the output gap into negative territory (y; < 0). The new targeting criterion, however, is
not static. It differs from the period-by-period tight connection between inflation and output as
now incorporates an additional term, E;W,;11. To understand this term, note that the variable
W represents the marginal increase in central bank’s expected discounted losses coming from an
increase in agents’ longer-run inflation beliefs, v,;. Underlying an increase in v, resides an infla-
tion scare in which private-sector’s longer-run inflation expectations and thus actual inflation can
remain persistently above a central bank’s target. The optimal response to such an inflation scare
is reflected in the term F;Wy;11 > 0. That term implies that it is optimal for a central bank to
act preemptively by pushing current output below potential (y; < 0) and leaning against future
inflation in order to put additional downward pressure on current inflation and keep private-sector’s
expectations of longer-run inflation in check.

A central bank’s uncertainty about expectations formation also affects how they respond to
inflation scares. According to equations (25) and (26), a central bank’s motive to preempt inflation
scares is stronger the more likely is the regime in which households and firms have short planning
horizons. In particular, if a large fraction of agents have short planning horizons, the coefficient
ap¢ is relatively high, inflation scares are more likely, and a central bank has a strong incentive
to lean against future inflation to prevent such a scare. The presence of uncertainty also makes
the discount factor in equation (25) stochastic, as the central bank needs to account for the time-
variation in the share of agents with different planning horizons. If the share of agents with short
planning horizons is greater, this discount factor, (8[1 —7,(1 — Bap)]), is higher, intensifying a
central bank’s incentive to lean against the risk of an inflation scare.

Special cases. Two special cases of the model occur when all agents have infinite planning

horizons (kg, k1 — oo) or if agents do not update their longer-run beliefs about inflation (i.e.,
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vp = 0). If all of the private-sector agents had infinite planning horizons, v, becomes irrelevant
and inflation scares are not possible. This model corresponds to the baseline NK model. As a result,
the central bank does not need to act preemptively and optimal time-consistent policy satisfies the
static LAW principle of Clarida, Gali, and Gertler (1999): 7, = —%yt. Similarly, if firms do not
update their beliefs in response to past inflation (i.e, v, = 0), there is no variation in agents’ longer-
run inflationary beliefs. As a result, equation (24) also simplifies and satisfies the LAW principle
of Clarida, Gali, and Gertler (1999).

Certainty-Equivalent Economy. To assess the role of uncertain expectations formation,
we compare the dynamics of the model to a version where there is no uncertainty about agents’
planning horizons. To do that we consider an economy in which all agents have the same planning
horizon: a no uncertainty benchmark. Because certainty-equivalence (CE) is satisfied in this version
of the model, we call this the certainty-equivalent economy and denote the planning horizon of the
CE economy as k“F. We choose k¥ to be the same as the average planning horizon in the economy

with uncertain expectations formation. In the CE economy, a central bank’s optimal targeting rule

satisfies:
A
nfF = ~2yF o BEWSE, 27)
Wii® = Bap(k“E)mi® + B (1= ) + Brpap(k7F)] BW5 (28)
EtWﬁﬂ = WfE(UptHa 1) f (g |u)dug
Ut+1

The role of uncertainty about agents’ planning horizon can be seen by comparing expressions
(24) and (25) with expressions (27) and (28). The marginal effect of v, on expected inflation next
period, ay, does not vary in the certainty-equivalent economy. Instead, it is fixed at, ap(kCE ),
the average value of the planning horizons of the two types of agents. Second, in the certainty-
equivalent economy, Ethgfl only depends on the additive shock, u;; but, it does not depend on
the multiplicative shock, m;. As discussed above, this multiplicative shock implies that certainty-
equivalence does not hold in the two-agent economy. Finally, we note that in the CE economy, as

k“F — oo, inflation scares do not occur and the optimal targeting rule satisfies the static LAW

CE _ Ay CE

principle: m Sy

4 Results

In the previous section, we characterized optimal policy when there are inflation scares and private
sector foresight is uncertain. In this section we quantify the importance of inflation scares and
the role of uncertain private-sector foresight for optimal policy. To do so, we use the estimated
parameters of the NK-FHP model from Gust, Herbst, and Lépez-Salido (2022) and Gust, Herbst,
and Loépez-Salido (2024). Those papers show that the NK-FHP model performs well in explaining
some stylized facts about the predictability of consensus inflation forecasts as well as aggregate data

on inflation, output, and interest rates. In our application, we find it useful to examine the role of
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uncertainty about agents’ foresight in an environment in which inflation has been running above
a policymaker’s objective. To do so, we use information from the FOMC’s Survey of Economic
Projections (SEP) in March of 2023 to construct a baseline path of aggregate demand and supply
shocks from 2023Q1 to 2027Q4. We conduct stochastic simulations around this baseline path to
quantify the gains to optimal policy when there is a risk of an inflation scare because of uncertainty

about expectations formation.

4.1 Parameter Values

For most of the parameters, we use the mean estimates reported in Gust, Herbst, and Lépez-Salido
(2022) and Gust, Herbst, and Lépez-Salido (2024): We estimate x = 0.03, o = 2.71, 7, = 0.16,
v = 0.5. For the persistence of the shocks, we set p, = 0.95 and p, = 0.6. For the volatility of
the innovations, we use o, = 0.03 and o, = 0.02. Overall, these values are consistent with 95%
credible sets presented in Gust, Herbst, and Lépez-Salido (2022) and our results are robust to small
variations in these parameters.

For the uncertainty regarding planning horizons, we allow the economy to fluctuate between an
economy in which all agents have planning horizons corresponding to a year (kg = 4) and another in
which all agents have rational expectations. Accordingly, w; satisfies: w; =1 if my =0 and wy =0
if m¢y = 1. The value of kg = 4 is higher than the mean estimate reported in Gust, Herbst, and
Lépez-Salido (2022) but corresponds to the value they find best matches fluctuations in inflation
expectations from the survey of professional forecasters as recently discussed in Gust, Herbst, and
Loépez-Salido (2024). The mode with m; = 1 corresponds to the canonical NK model under rational
expectation. When planning horizons are uncertain, certainty equivalance no longer applies and
the appendix describes how we solve the model in that case.

We use the NK model with RE as one of our modes, since it has been widely used to study
monetary policy under discretion and allows us to focus on the risk of an inflation scare. In
particular, if m; = 1 for all ¢, there would be no risk of an inflation scare, as longer-term inflation
expectations would remain well anchored at a central bank’s target under optimal policy in the
canonical NK model. However, because m; is time-varying and can potentially switch to the mode
in which private-sector agents have short planning horizons (m; = 0), a central bank faces the
risk of an inflation scare in which trend inflation can move persistently away from a central bank’s
inflation target. Such a risk was a prominent concern in March of 2023, as several participants
at the FOMC meeting at the time “noted the importance of longer-term inflation expectations
remaining anchored and remarked that the longer inflation remained elevated, the greater the risk
of inflation expectations becoming unanchored” (FOMC minutes, March 21-22, 2023.)

We set the Markov transition probabilities of the two modes so that they are persistent: Pyg =
0.9 and P;; = 0.9675. These probabilities imply that the likelihood of staying in the the regime
of the rational expectations, canonical NK model is higher than the likelihood of staying in the
regime of the NK-FHP model. They also imply that the unconditional or ergodic probabilities of

the modes with rational expectations and FHP expectations are 75% and 25%, respectively.
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For the remaining parameters, we set 8 = 0.99875, which is consistent with the a steady state
(annualized) real interest rate of 0.5%. This value is consistent with the median longer-run estimate
of the federal funds rate reported in the March 2023 SEP. We also set 7*, the central bank’s inflation
target to 2% on annualized basis and report annualized values of inflation and trend inflation that
use this value both as the central bank’s inflation target and the model’s steady state inflation rate.
For a central bank’s preference parameter in the loss function, we set A = %. This value implies
that the central bank equally weighs deviations of annualized inflation from target and deviations

of output from potential in its loss function (Debortoli et al. (2019)).

4.2 SEP-Consistent Baseline

As noted above, we construct a path of aggregate demand and supply shocks to be consistent with
the median projection of inflation, the unemployment rate, and the federal funds rate from the
March 2023 Summary of Economic Projections (SEP). To construct these shocks, we assume that

the federal funds rate follows a Taylor rule:

it = pitt—1 + (1 — pi) (Px7e + Oyyt) + €t (29)

where p; = 0.85, ¢ = 1.5, and ¢, = 0.25 and e, is an #id innovation.'” We use this rule along
with the canonical NK model to infer shocks to aggregate demand, aggregate supply, and the
policy rule that are consistent with the paths of core PCE inflation, the federal funds rate, and the
output gap implied by the SEP. To construct the implied path for these variables from the SEP,
we linearly interpolate the annual median projections shown in the SEP and construct the output
gap assuming an Okun’s parameter equals to 2. This value relates the output gap and deviations
of the unemployment rate from the median SEP participant’s estimate of its longer-run value.

The left-hand side of Figure 1 shows the SEP-consistent path of these variables. As shown
there, SEP participants expected inflation to fall and eventually converge to 2 percent. The level
of output implied by SEP participants projections of the unemployment-rate is above potential in
early 2023 but is projected to decline in 2023 and remain below potential next year. The median
SEP participant also projects that under appropriate monetary policy the federal funds rate will
peak later this year and then fall in line with the projected decline in inflation.

We use the canonical NK model with RE to infer the path of shocks. That model, like the
median path of the SEP, is consistent with a relatively costless return of inflation to target.'!
The right-hand side of Figure 1 shows the shocks over the 2023Q1-2027Q4 period that allow the
model paths of output, inflation, and the policy rate to match the SEP-consistent baseline. The

10The view that Federal Reserve policy procedures have generally involved interest rate smoothing was introduced
by Mankiw and Miron (1986). On this issue, see also the discussion in Goodfriend (1987) and the references therein.
The rest of the parameters of this interest rate rule are from Taylor (1999).

'See Gust, Herbst, and Lépez-Salido (2022) for a comparison of the cost of a pre-announced, permanent disinflation
in the NK-FHP model to the canonical NK model. They show that canonical NK model implies a relatively costless
disinflation and that the model with finite horizon planning can help account for historical estimates of the output
cost of a disinflation.
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Figure 1: The SEP-Consistent Baseline

Output Gap 15 AD Shock
0.5
1.0
0.01
0.5 A
0.5
0.0 A
_10 B
: " : . + - -0.51— + . + : T
2022Q4 2023Q4 2024Q4 2025Q4 2026Q4 2027Q4 2022Q4 2023Q4 2024Q4 2025Q4 2026Q4 2027Q4
Inflation 10 Cost-Push Shock
4.5
0.8 -
4.04
0.6 -
3.5 A
3.01 0.4
2.5 0.2
201 0.0
2022Q4 2023Q4 2024Q4 2025Q4 2026Q4 2027Q4 2022Q4 2023Q4 2024Q4 2025Q4 2026Q4 2027Q4
Policy Rate Interest-Rate Rule Shock
5.0 - 0.4
457 0.2
4.04
0.0 A
3.5 1
-0.2
3.0 A
—0.4
2.5
2022Q4 2023Q4 2024Q4 2025Q4 2026Q4 2027Q4 2022Q4 2023Q4 2024Q4 2025Q4 2026Q4 2027Q4

NoTE: The SEP-consistent baseline is constructed by interpolating quarterly data using the March 2023 SEP.
The canonical NK model is used to infer the shocks to aggregate demand, aggregate supply (cost-push), and
the interest-rate rule over the 2023Q1-2027Q4 period.

combination of aggregate demand and supply shocks shown there contributes to projections of
high inflation along with output below potential in 2023. As these shocks fall back toward zero,
inflation comes down and output converges toward potential. The lower right panel of Figure 1
shows that the monetary policy shocks are relatively small, less than 25 basis points over most of
the projection period, suggesting that an inertial version of a Taylor rule fits the SEP-consistent
baseline reasonably well.'?

For simulations of the NK-FHP model, we also need initial conditions for household and firm’s
continuation value functions, v, and vp,. Given the above parameter estimates for «,, we can
determine vy in 2022Q4, the period before the start of the simulations, using equation (12) and past
inflation data. Using this equation along with past data on core PCE inflation implies v,; = 0.41
in 2022Q4. In the model with uncertainty about expectations formation, this value implies trend

inflation around 2.4% in 2022Q4. We follow a similar procedure to initialize vp;. In particular,

2Interestingly, the canonical NK model generates a combination of demand and supply shocks that resonates with
the evidence presented in Blanchard and Bernanke (2023). These authors find an important role for pandemic-induced
supply constraints as well as persistently higher aggregate demand as setting off the inflation in 2022.
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equation (11) implies that vy depends on past values of the output gap and inflation. Using our
parameter estimates along with the Congressional Budget Office’s estimates of the output gap

implies vy = 3.1 in 2022Q4.
4.3 The Transmission of Shocks in the NK-FHP Model
Figure 2: The Effect of an Aggregate-Supply Shock in the NK Model with Rational and FHP
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NoTE: The figure shows the effect of a shock to aggregate supply that increases annualized inflation by 1
percentage point in the canonical NK model with rational expectations (dark line) and the NK model with

FHP expectations (red line). Monetary policy is assumed to follow a Taylor rule.

We use the aggregate demand and aggregate supply shocks associated with our SEP-consistent
baseline to simulate optimal monetary policy over the 2023Q1-2027Q4. Before doing so, it is
useful to examine how the transmission of shocks differs in the FHP model from the canonical
NK. Because the aggregate supply shock plays an important role in our optimal policy simulations,

Figure 2 shows the effects of an aggregate supply shock in both models. In the simulation, the
policy rate is assumed to follow the inertial version of the Taylor (1993) rule, and the shock is
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constructed so that it increases inflation by 1 percentage point in both models. While the inertia
in the policy rule implies an initial fall in the real policy rate in the canonical NK model, the real
policy rises above steady state within the first year and remains slightly above steady state in the
first two years after the shock. This tightening in policy along with the temporary nature of the
shock implies that inflation quickly returns to steady state. Moreover, the trend component of
expected inflation remains fixed in the canonical NK model.

In the NK-FHP model, the effects of the shocks on inflation, output, and the policy rate are
noticeably more persistent than in the canonical NK model, reflecting that household and firm’s
beliefs about longer-run events depend on past economic outcomes. The dependence of longer-run
beliefs on past economic outcomes implies that the trend component of expected inflation remains
persistently above steady state in response to the adverse aggregate supply shock. The lower right
panel of Figure 2 shows that the mean response of the trend component of expected inflation rises
persistently in the FHP model.'® This rise in the trend component leads to an inflation rate that
remains above its steady state level of 2 percent for an extended period of time. With inflation
rising persistently, the policy rate rises higher than its response in the canonical NK model and stays
elevated well for longer as well. As a result, output falls and remains persistently below potential.
In short, an unfavorable aggregate supply shock in the NK-FHP model results an increase in longer-
run expectations of inflation that induces an unfavorable tradeoff between inflation and output that
persists much longer than in the canonical NK model. The aggregate demand and monetary shock

are also notably more persistent in the NK-FHP model than in the canonical NK model.™

4.4 Optimal Policy under Uncertainty

The black and red lines in Figure 3 display the expected paths of inflation, the output gap, the
real interest rate, and trend inflation in the canonical NK model (labelled RE) and FHP model
under optimal policy using the baseline aggregate demand and supply shocks shown in Figure 1. In
both cases, there is no uncertainty about expectations formation so each model mode applies with
perfect certainty. For the canonical NK model, the only difference in outcomes between this figure
and the ones shown in Figure 1 reflects the difference in monetary policy. In this figure, the optimal
targeting rule applies, which in the case of the canonical NK model satisfies the LAW relationship:
Kk = —Ay. This targeting rule and the SEP-consistent policy result in broadly similar outcomes.
Under the optimal targeting rule, the policy rate peaks at a higher level and declines faster in 2023
than under the SEP-consistent baseline. Output remains closer to potential under optimal policy,
but the decline in inflation is more gradual relative to the SEP-consistent baseline.

The red line shows the results if economic outcomes were determined by the NK-FHP model
with perfect certainty. Here, the economy starts with the trend component of expected inflation

above 3% and policy needs to be substantially more aggressive to bring inflation down. With trend

13The trend component is defined by ignoring the effects of the shocks on E;II;1; so that the trend component
only reflects the effects of agents’ value functions on expected inflation.

14Gust, Herbst, and Lépez-Salido (2022) show that the transmission of monetary shocks occurs more gradually in
the NK-FHP model than in the canonical NK model with the peak effect on inflation occurring considerably later.
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Figure 3: Optimal Policy under Different Expectational Assumptions
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NoTE: The figure shows the mean responses under optimal discretionary policies using 50,000 draws of shocks
centered around the aggregate demand and supply shocks associated with the SEP-consistent baseline. The
black line shows the optimal policy paths under canonical NK model mode with rational expectations; the red
dashed line shows the optimal policy paths using the NK-FHP model mode with inertial expectations; and,
the dashed blue shows the optimal policy paths when there is uncertainty about expectations formation.

inflation inertial and costly to reduce, the optimal policy response involves raising the policy rate
above 8%. This policy response results in a much deeper decline in the output gap than in the NK
model with RE but is necessary to put inflation on a downward trajectory.

The dashed-dotted blue line shows the expected path of outcomes under optimal policy when
the central bank is uncertain about expectations formation. We start the economy from its un-
conditional distribution so that at each date there is a 25% chance the economy is in the NK-FHP
model mode where expectations formation is inertial. Accordingly, at each date, the expected path
of outcomes lie in between the paths where the modes are known with certainty. When the central
bank is uncertain about expectations formation, inflation comes down slower than it does under
the canonical NK model and is still above target at the end of the 2027. This reflects the inertia in
private sector’s longer-run inflation beliefs, as the trend component of expected inflation remains
above 2% at the end of 2027. In effect, progress in returning inflation back to the central bank’s

target is slow, because a policy that resulted in faster progress would result in an even greater
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decline in economic activity, which the central bank views as undesirable.

Figure 4: The Policy Tradeoff Frontier Under Optimal Discretion
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NoTE: For the two models, each point along the policy tradeoff frontier is constructed by computing the
mean-squared deviations of the output and inflation gaps from stochastic simulations around the aggregate
demand and supply shocks associated with the SEP-consistent baseline for a given value of A. The black line
shows the tradeoff in the certainty-equivalent economy, and the dashed-dotted blue line shows the tradeoff
when there is uncertainty about expectations formation.

Figure 3 indicates that policy responds more aggressively under uncertainty than in the CE
economy. Because the mode with rational expectations corresponds to ki — oo, the average
planning horizon in the economy in which the planning horizon is uncertain is the same as for
that mode.'® Thus, the canonical NK model with rational expectations has the same average
planning horizon as the economy with an uncertain planning horizon and we use it as our certainty-
equivalent benchmark. Figure 3 shows that, relative to that CE benchmark economy, the central

bank tightens policy notably more than under certainty equivalence because in the economy with

15The average planning horizon in the economy with uncertain expectations formation is given by ka = poko + (1-
Po)k1, where po denotes the ergodic probability of the mode with short planning horizons. With po = 0.25, ko = 4,
and using a very large value (e.g., k1 = 10000) to approximate RE for this mode, there is little difference between ka
and k1.
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uncertain expectations formation there is a significant risk of an inflation scare where private
sector’s beliefs about longer-run inflation can remain persistently above the central bank’s inflation
objective.

Policy Tradeoff Frontier. The more aggressive response of monetary policy under uncertainty
relative to the response under CE reflects that uncertainty about expectations formation increases
the likelihood of an inflation scare. Such a scare is particularly pernicious in terms of a central
bank’s losses because it can persistently worsen the tradeoff between the central bank’s objectives.
Accordingly, optimal policy under uncertainty responds preemptively and more aggressively towards
inflation to reduce the risk that inflationary pressure increases private-sector beliefs about longer-
run inflation.

Figure 4 highlights how uncertainty about the planning horizon and trend inflation affects the
tradeoff between a central bank’s objectives. It traces out a central bank’s tradeoff between inflation
and the output gap under uncertainty about expectations formation and under certainty equiva-
lence. In the CE economy of the canonical NK model, if a central bank would like to reduce the
losses associated with deviations of output from potential, the cost in terms of increased deviations
of inflation from target is relatively low. In contrast, in the economy with uncertain expectations
formation, reducing output fluctuations could set off an inflation scare, leading to substantial losses
from high inflation. Thus, the tradeoff between central bank objectives is considerably steeper
under uncertainty than in the certainty-equivalent economy.

Distribution of Macroeconomic Outcomes. Figure 3 compared the mean outcomes of
optimal policy with uncertainty about expectations formation to the mean outcomes of its certainty-
equivalent counterpart. Figure 5 compares the distribution of outcomes in 2024Q1 for the two
models. In the CE economy of the canonical NK model, shown by the black lines, the distributions
for the output gap, inflation, and the policy rate are normally distributed and centered around the
mean outcomes for these variables in 2024Q1. There is no distribution for trend inflation since it
is degenerate, as trend inflation remains anchored at 2% at all times in the canonical NK model.

When the central bank faces uncertainty about expectations formation, the distribution of
outcomes is wider with the distributions displaying long tails. These long tails reflect the draws in
which an inflation scare is realized and higher trend inflation emerges. This risk is shown in the
lower right panel, which shows that outcomes with trend inflation well above the central bank’s
inflation target are possible. This higher upside risk to inflation heightens the likelihood of lower
output, as the policy rate may need to go much higher to reduce trend inflation. Consistent with
the upside risk to inflation, the distributions for both inflation and the policy rate display long
right tails.

Gains from a Risk-Management Approach. In an environment where there is a height-
ened risk of an inflation scare, the gains from a risk-management approach can be considerable. To
demonstrate this, Table 1 shows the additional losses from the central bank following the targeting
rule that is optimal in the CE economy in an economy in which there is uncertainty about expec-

tations formation. In particular, we compare the effects on a central bank’s expected discounted
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Figure 5: The Distribution of Outcomes under Optimal Discretion in 2024Q1
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NoTE: The figure shows the distribution of responses under optimal discretionary policies in 2024Q1 using
50,000 draws of shocks centered around the aggregate demand and supply shocks associated with the SEP-
consistent baseline.

losses from following the CE targeting rule of the canonical NK model in which km; = — Ay, instead
of the optimal targeting rule under uncertainty given by equation (24). Table 1 shows how much
higher a central bank’s expected discounted losses are in percentage terms from adopting the CE
targeting rule for different degrees of uncertainty and for different central bank preferences regard-
ing the tradeoff between inflation and economic activity. It also shows how much higher optimal
policy under uncertainty increases the policy rate in 2023 than the policy rate increases under the
CE targeting rule.

If the likelihood of the FHP model mode and thus inflation scares is low, then the losses
associated with following a targeting rule that ignores risk-management considerations are small.
However, these additional losses can grow quickly as that likelihood increases. For a loss function
that equally weights inflation and output-gap deviations (A = %), then the additional losses from

ignoring risk-management considerations can be high. For example, with an equal-weighted loss
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Table 1: ADDITIONAL LOSSES FROM IGNORING RISK MANAGEMENT

Additional Losses Policy Rate Difference
Probability of (Percent) (basis points)
FHP Model Mode ~ A=0.01 A=%&  A=0.01 A= iz
10% 0.1% 0.3% 12 7
15% 0.3% 0.7% 18 11
20% 0.4% 1.4% 24 15
25% 0.6% 2.8% 30 19
30% 1.1% 7.2% 36 23
33.3% 1.6% 20.8% 41 26

NoOTE: The table shows the average percent increase in a central bank’s losses over the
2023-2027 period from adopting the optimal, certainty-equivalent policy instead of the
optimal policy under uncertainty. It also shows the average policy rate increase in 2023
under optimal policy relative to the certainty-equivalent policy response. These averages
are computed from stochastic simulations using 50,000 draws of shocks centered around
the aggregate demand and supply shocks associated with the SEP-baseline.

function and a 33% chance of being in a regime in which longer-run inflationary beliefs can deviate
from a central bank’s target, the losses from following the CE targeting rule are about 20 percent
higher than following the optimal policy that takes into uncertainty about expectations formation.

A policymaker, who takes into account risk management considerations, is able to reduce their
losses by raising the policy rate higher than a policymaker who ignores the risk of an inflation scare.
If the policymaker judges there to be a 30% probability of being in the regime where inflation scares
are possible, Table 1 shows that a policymaker with an equal-weighted loss function, and who takes
into account uncertainty about expectations formation, would raise the policy rate about 25 basis
points higher in 2023 than a policymaker who acts with certainty about expectations formation. If
the policymaker had a stronger preference for inflation stabilization (A = 0.01), then the policy rate
would be even more responsive to risk-management considerations, as the differences between the

policy rate under optimal policy and the certainty equivalent policy are even larger in that case.

5 Concluding Remarks

We analyzed optimal monetary policy when the central bank faces uncertainty about the fore-
sight of private sector agents. Because agents learn adaptively about developments beyond their
planning horizon, inflation scares in which longer-run inflation expectations of the private sec-
tor can move persistently away from a central bank’s inflation objective are possible. A central
bank with a dual-mandate loss function, who faces such a risk, reacts forcefully and preemptively to
contain inflationary pressure, responding more aggressively than would be the case under certainty-
equivalence. In situations where inflation has been running above target, we find the gains to taking

a risk-management approach in response to such risks can be sizable.
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We focused on the case in which a central bank faces future uncertainty to keep the analysis
tractable. While more computationally demanding, a natural extension would be to analysis opti-
mal policy when the central bank does not observe the current state of the economy and updates
their beliefs according to Bayes’ law (Svensson and Williams (2008)). It would also be interesting
to explore whether the transition probabilities for the uncertain regimes should depend on the eco-
nomic state (Davig and Leeper (2008)). Long spells of inflation deviating from the central bank’s
objective may increase the chance of an unfavorable shift in private sector’s expectations, which

would reinforce a central bank’s desire to preemptively act against emerging inflationary pressures.
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Appendix for
Optimal Monetary Policy with Uncertain Private Sector Foresight
Christopher Gust and David Lépez-Salido

In the appendix, we derive the expressions that determine private-sector expectations formation
under optimal time-consistent policy. We also derive the targeting rule implemented under optimal
policy and describe the solution algorithm we use to determine the associated equilibrium outcomes.

A Private Sector Expectations

We begin by deriving expression (9) in the main text, which determines expected inflation of a
k-horizon agent. This expression can be derived from substituting equation (19) at j = 0 into
equation (8) to write an agent’s beliefs for inflation at the end of their planning horizon as:

A
Tk = P [Bupt + Uik - (A-1)

For 7 =t + k — j with j > 0, we can derive a similar condition by substituting equation (19) at
j > 0 into equation (1):
. A -
md [mgﬂ + uT} . (A-2)

Substituting equation (A-1) into (A-2) at j = 1 yields:

1

Z(ﬂpu)i] Uty k—1 (A-3)

1=0

BA A
1 —
(e Sk O W

Continuing with these substitutions back to j = k — 1 yields:

ki < fip,:Q)i] Ut (A-4)

1=0

APy
A+ K2

Eynt i = ap(k)upe +

which is expression (9) in the main text with

o= (525)

We can substitute expression (A-4) into (19) at j = k — 1 to determine the expected output gap

for an agent that looks k-periods ahead:
k—1 i
BApu
A-
ZZ; <)\ r2) | (4-5)

B Derivation of Optimal Targeting Rule

_ K
Etyf+11 = —X {ap(k‘)vpt + —

To derive the optimal targeting rule, equation (24), we need to differentiate the Bellman equation
(21) with respect to i;. Doing so, taking into account the dependence of II; = m(vp, S¢, my;4;) and
Y = y(vpt, St,my; i) on 4 yields the first order condition:

A
Tt + VpBEWp1 = Y (A-6)
(A-T)

A-1



where E;Wp 11 satisfies equation (26). This first order condition is the first part of the optimal
targeting rule shown in the main text. The other part comes from the envelope condition associated
with the the Bellman equation (21). This envelope condition satisfies:

Wt = (B+ ko) (apt + Kaye) e + Ay (aye + oap) + B(1 =) EWpip1 + BY(B + ko) (ap + Kays) Bt Wi

(A-8)
where a,; = wiap(ko) + (1 — wi)ap(k1) and ayy = —Fay. We can simplify expression (A-8) by
combining it with the first order condition for i; and writing it as:

Wt = Bapme + B(1 = 1) EWper1 + B2pap E Wi (A-9)

Collecting terms associated with F;W, 1, this expression can be rewritten as:

Wpt = 5apt7Tt + [1 - ’Yp(l - Bapt)] Etht+1

which is the expression for W,; shown in the text.

C Solution Algorithm

To solve for the outcomes associated with the optimal targeting rule, note that the following system
of equations can be used to determine the outcomes for inflation, the output gap, and W), and
Upt4+1 as a function of vy, and uy:

Tt = Bgr (Vpt, up, my) + Ky + we

Wt = Bapims + B [1 — vp(1 — Bap)] EyWpis1

(A-10)
A
7t + VpBEWpt1 = U (A-11)
(A-12)
Upt+1 = (1 — Yp)Upt + Yp7re ( )

With these outcomes in hand, the optimal policy rate can then be determined using equation (23).

Our calibration implies that all the agents have short-planning horizons when m; = 0 so that
wy = 1 and ap = ap(ko) in that case. When m,; = 1, all agents have long-planning horizons so that
wy = 0 and ap; = 0. Using this calibration, the function determining private-sector expectations of
inflation can be written as:

ap(ko)vpe + bp(ko)ug for my =0

I (Vpt, Uz, my) = { (A-14)

1 _
=, (Mpu Ut for m; = 1.

k
where ap(k) = (%) . Expression (A-14) is consistent with expression (A-4), as the coefficient
by (k) satisfies:

M B Apu [1— ap(k)pk
W) = S ) = T [T

Equations (A-10)-(A-13) are linear conditional on a value for m; and we solve for a solution of the
form:
Xt(m) = vapt + Rmut, (A—15)

with m € {0,1} and X;(m) = (m(m), y¢(m), Wp(m))'. Accordingly, the solution is conditionally
linear in m, with the solution matrices, T}, and R,,, varying depending on whether m =0 orm =1
at time t.

A-2



To determine 75, and R,,, we write the system of equations, (A-10)-(A-13), over a long horizon,
truncating the horizon at ¢t + K¢op. For the periods before this truncation point, the equilibrium
conditions in matrix form can be written as:

CmXr(m) = FnEr [ X1 (m)|m] + B Xr—1 + Diur, (A-16)
for r=t+ Kep —i with i = 1,2..., Kcp and m € {0,1}. For the terminal period, we impose
Cth+KCB (’I’I’L) = BthJrKCB,l(m) + DmuHKCB. (A—l?)

Relative to the infinite-horizon problem, equation (A-17) is truncated at date t + K¢op as it omits
the expected future endogenous variables, effectively treating the central bank as if it had a finite
planning horizon. As Kgp — oo, the equilibrium conditions for this problem converge to those
given by equations (A-10)-(A-13). For the simulations in the paper, we checked that as Ko — oo,
the solution matrices converged and set Kcop = 10,000, which we found to be sufficiently large to
ensure convergence.

The matrices {Cy,, Fin, B} capture the contemporaneous, forward-looking, and backward-
looking relationships of the model equations, respectively, while D,, captures the effects of the
aggregate supply shock, u;. The conditional expectations operator in equation (A-16) reflects the
transition probabilities for the modes and satisfies:

E [ X1 (m')m] = [ProTo + PraTh) X-(0) 4 [PmoRo 4+ P Ri) puue (A-18)

To iterate backwards on this system, we first solve equation (A-17) for each mode, m € {0,1},
which provides an initial guess for the solution matrices:

Tr(r)z = (Cm)_l B,

RS@ = (Cm)il D,

With the initial guess and the conditional expectations operator defined in (A-18), we can iterate
backwards on equation (A-16) to solve for T;T and R;T at each date 7 fori =1,..., Kop:

1 —1
> roz|} s, (a-19
n=0

1 -1 1
S Pyt } {DF S PR
n=0 n=0

We solve for TKcB and REcB and check that as Kop — oo, TE¢B — T, and REce — R,,.
Because the solution algorithm truncates the central bank’s planning horizon, it yields a unique
solution that corresponds to one that is consistent with the central bank having a finite but very
long planning horizon. For a general approach to solving dynamic stochastic general equilibrium
models with Markov-switching processes, see Foerster et al. (2016).

T = {Cm—Fm

Rl = {Cm —F, pu} : (A-20)
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