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Abstract

We discuss the timing and strength of the Fed’s reaction to the recent inflation surge
within an estimated macroeconomic model where long-run inflation expectations are
heterogeneous and can lose their anchoring to the target. The resulting inflation scare
worsens the real cost of disinflation. We derive a closed-form solution that retains the
entire time-varying cross-sectional distribution of subjective inflation beliefs. We esti-
mate the model using Bayesian techniques on both US macroeconomic time series and
forecast data from the Survey of Professional Forecasters. Counterfactual simulations
show that the timing — rather than the strength — of the policy reaction to the inflation
surge is critical to contain the development of an inflation scare and prevent the en-
trenchment of above-target inflation. We show that the Fed fell behind the curve in 2021
since an earlier tightening could have reduced the inflation peak without triggering a re-
cession. However, further delays would have unanchored inflation expectations, aggra-
vated the inflation scare and strengthened the inflation surge, resulting in larger output
losses.

1 Introduction

While the Volcker’s disinflation over 1979-1987 came with substantial output losses, the
recent inflation surge was brought down without any major recession (see Fig. 1 for illus-
tration). What made this soft landing possible? This paper discusses this question with
counter-factual monetary policy simulations from a novel estimated framework where
long-run inflation expectations can lose their anchoring to the target.

In the earlier rational expectations (RE) literature, credible disinflations i.e., under
which agents’ expectations align with the policy objective, are not detrimental to out-
put.! Hence, the costs of disinflation in the 1980s have been largely attributed to the
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1 This view is evident in the New Classical models (Kydland & Prescott 1977, Lucas & Sargent 1981) and the
New Keynesian (NK) synthesis (Clarida et al. 1999). See Sargent (2022) for a recent discussion of the 1980s and
RE models.
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Figure 1: Inflation, inflation expectations and business cycles in the US

public’s disbelief in the Fed’s commitment to reduce inflation (Goodfriend & King 2005,
King & Lu 2022):> coupled with past experiences with high inflation, this lack of credibil-
ity led to unanchored (long-run) expectations. These ‘inflation scares’ — in the terminol-
ogy of Goodfriend (1993) - called for a costly tightening to prevent high inflation from
becoming entrenched. Does the recent soft landing imply that the Fed avoided an infla-
tion scare? On the other hand, the inflationary pressures stemming from the pandemic’s
unique disruptions within the context of the well-established institutional framework of
inflation targeting may have been transitory.® In other words, would the outcome have
been different under alternative policy actions?

Discussing these questions within full-information RE (FIRE) models is challeng-
ing because policies are assumed to be credible and expectations mean-reverting or, in
other words, anchored to the central bank (CB) target in the long run. These elements
leave out the possibility of inflation scares developing in the wake of an inflation surge.*
In such a framework, Walsh (2022) shows that delaying tightening along the recent in-
flation surge does not make a sizeable difference in terms of subsequent inflation and
output. Using a model where long-run inflation expectations are policy-invariant, Reif-
schneider (2024) concludes that earlier tightening from the Fed would not have tamed
the inflation surge, but would have resulted in substantial costs for the real economy.
Hakamada & Walsh (2024) further show that a moderate delay in the policy reaction to

2The model of King & Lu (2022), in which private agents learn about the policy maker’s ability to commit to
low inflation, is a salient example of this view. Within this context, the authors emphasize the lack of credible
commitment of the Fed in the 1970s, and interpret the ensuing costly disinflation in the 1980s as an episode of
reputation building.

3For instance, using a structural vector autoregression (SVAR) model with added exogenous variables,
Bernanke & Blanchard (forthcoming) estimate that most of the recent inflation dynamics can be attributed to
price shocks (food and, in particular, energy prices), which tend to have transitory effects on inflation. Gagliar-
done & Gertler (2023) also emphasize oil price and money shocks.

4This is true for a well-specified FIRE model, with specific restrictions on parameter values to ensure path
determinacy, while exogenous shocks, albeit persistent, are assumed to be transitory.



the recent inflation surge could be compensated by a stronger reaction. Their conclu-
sion holds even when deviating from the FIRE benchmark and instead considering cog-
nitive discounting, under which the expectation channel is weakened but expectations
still mean-revert.

FIRE models also overlook the heterogeneity in expectations, even though it is a per-
vasive feature of real-world forecasts that tends to amplify amid inflation surges (see Fig.
1).% Particularly during the post-pandemic era, inflation expectations became saliently
more dispersed, while their average rose only modestly. This pattern suggests a distinct
role of forecast dispersion in expectation dynamics, the ensuing evolution of CB credi-
bility, and the effectiveness of monetary policy.

Against this background, we examine the recent soft landing using a model where
inflation scares may arise as an outcome of the time-varying dispersion in inflation ex-
pectations. We develop and estimate a micro-founded heterogeneous-expectation New
Keynesian (HENK) model where information about the long-run value of inflation is as-
sumed to be dispersed and sticky. Agents hold idiosyncratic beliefs about inflation which
they exchange during social interactions implemented by social learning (SL).® While
nesting the FIRE benchmark, this information friction allows for persistent departures
from it in the form of inflation scares. These scares arise whenever the CB repeatedly
misses the target due to shocks and/or monetary policy actions. As a result, off-target
inflation beliefs are validated and spread among agents, making them self-fulfilling. Im-
portantly, in our model, the heterogeneity in expectations plays a distinct role in the
transmission of monetary policy since a greater dispersion in beliefs amplifies the ef-
fects of the shocks on the economy, and complicates the stabilization task of the CB.
This mechanism of expectation unanchoring provides the necessary ingredient to as-
sess the real costs of disinflation and the challenge of keeping expectations coordinated
at the target despite adverse shocks.” In other words, our framework strengthens the
role of CBs as managers of expectations.

Our formulation of heterogeneous expectations offers a closed-form solution which
can be estimated using full-information methods while preserving the entire time-varying
cross-sectional distribution of beliefs. The resulting framework can then be used to per-
form counterfactual policy simulations with a micro-founded measure of welfare that
accounts for the additional costs stemming from belief and price dispersion. We esti-
mate the HENK model using US macroeconomic and survey data from the survey of
professional forecasters (SPF).%

°See, in particular, Meeks & Monti (2023) on the quantitative relevance of expectations heterogeneity in
accounting for inflation dynamics.

60ur model is inspired by the pioneered work of Arifovic (1995, 1996) and the related contributions of
Arifovic et al. (2013, 2018, 2024), Jia & Wu (2023), but we implement substantial differences to retain micro-
foundations and obtain a closed-form solution to bring the model to the data.

Adaptive learning is another common form of deviation from FIRE; see, for example, Evans & Honkapohja
(2001), Slobodyan & Wouters (2012a), Gati (2023) within representative-agent frameworks, and Evans & Mc-
Gough (2024) for a comparison with SL. Branch & Evans (2011) consider a model where agents switch between
two different adaptive learning rules and show how this expectation formation combined with adverse supply
shocks can account for the dynamics of inflation in the 1970s and 1980s. Other related models of heteroge-
neous expectations include, inter alia, Andrade et al. (2019), Evans et al. (2024), Ozden (2024).

80ur paper builds upon the recent literature that estimates DSGE models under boundedly rational expec-
tations using full information methods; see, inter alia, Slobodyan & Wouters (2012b), Hommes et al. (2023),
Hajdini (2023). To the best of our knowledge, the most closely related works on heterogeneous expectation
models estimated using Bayesian methods are Ozden (2024), where agents switch between two expectation for-
mation mechanisms, and Branch & Gasteiger (2019), where agents can entertain Ricardian and non-Ricardian
expectations. Our estimation exercise also uses expectations as observables in learning models; see Slobodyan
& Wouters (2012a), Carvalho et al. (2023), Rychalovska et al. (2024) within NK models under homogeneous ex-



We first show how our model matches remarkably well the (untargeted) dynamics
of the cross-sectional dispersion in inflation expectations over the business cycle, for
instance as measured by the interquartile range of individual SPF forecasts. We fur-
ther illustrate how this heterogeneity in expectations further impairs the transmission
of monetary policy and amplifies the effects of shocks compared to homogeneous-agent
frameworks, even those featuring boundedly rational expectations. We proceed by de-
composing the macroeconomic variables as a function of the shocks introduced in the
model. We show how the expectation dynamics contributes to explaining a substantial
part of the missing inflation in the 2010 decade and the recent surge in inflation, along
with an overall loose monetary policy stance and adverse cost-push and demand shocks.
We then perform counterfactual policy simulations by varying the timing and strength
of the policy reaction to the recent inflationary episode.

Our main policy message is that, in stark contrast with the FIRE exercises, the timing
of the Fed’s reaction to inflation developments is the main key to the management of
inflation expectations and the ensuing inflation and output courses. On the contrary,
varying the strength of the reaction - provide that it is not too weak — makes little dif-
ference.’ The further the delay in the tightening cycle in 2021, the stronger the unan-
choring movement in inflation expectations, and the more severe the resulting inflation
scare and inflation surge. A further delay of about three quarters would have resulted in
an expectation-driven entrenchment of high inflation.

Furthermore, we find that the Fed did fall behind the curve in 2021 and early 2022
since embarking on a preemptive tightening would have reduced the inflation peak with-
out engineering a recession. While the recent inflation surge did create an inflation
scare, it would have turned out more severe had the Fed further delayed the increase
in interest rates because inflation expectations would have drifted further away from
the target. This situation would have complicated the stabilization of inflation and in-
creased the ensuing output losses. We further illustrate how even a single earlier cut in
the interest rate would have aggravated this inflation scare and resulted in annual infla-
tion landing close to 2% above steady state by the end of 2023.

The rest of the paper is organized as follows. Section 2 develops the model, Section 3
presents the resulting estimated framework, Section 4 discusses the policy exercises and
Section 5 concludes.

2 A micro-founded HENK model

We introduce a stylized model of the economy where the only ingredient that differs
from the RE model pertains to the way agents form their inflation expectations. Ap-
pendix B shows how the HENK model can be micro-founded with a set of standard in-
gredients'” independently of the distribution of the agents’ subjective beliefs, as long as

pectations and Cornea-Madeira et al. (2019) on a Phillips curve with two types of expectations. Among other
things, we add to this literature the estimation of a general equilibrium model under heterogeneous expecta-
tions using empirical forecasts data, a focus on the cross-sectional dynamics in these expectations and its role
in the transmission channel of monetary policy, and counter-factual policy simulations.
9Whether the stabilization trade-off requires a more or a less aggressive response in a non-FIRE world is un-

settled. Earlier work based on adaptive learning concludes that a more aggressive rule is required than under
RE (Orphanides & Williams 2004), which has been corroborated in lab experiments (Mauersberger 2021, As-
senza et al. 2021). By contrast, under some form of rational inattention, Gabaix (2020) shows that the CB may
stabilize the economy with smaller reaction parameter values than under RE.

10These elements include complete financial markets, a non-separable utility function on the households’
side and a price-setting behavior a la Rotemberg together with a linear production technology where labor is
the only input; see also Arifovic et al. (2024).



the population of heterogeneous expectations is discrete. We could straight-forwardly
extend our framework, e.g. to include wage dynamics, since our Dynare toolbox — avail-
able in Grimaud et al. (forthcoming) — allows us to incorporate this class of beliefs into
any dynamic model with expectations. Nevertheless, we use a baseline model that is suf-
ficient to adequately capture the dominant role of price and money shocks over the pe-
riod that we study, as emphasized in the literature (Gagliardone & Gertler 2023, Bernanke
& Blanchard forthcoming).

2.1 Abaseline NK model with subjective inflation expectations

Let us consider a textbook log-linear macroeconomic model in which inflation 7 and
output gap x are determined by the following system of equations:

ﬁtZKYt+,3EfL(ﬁt+1)+ Ut, (1)

Je=Ee(fee) =0 (o= B (Reen)) + 81, @

where 2 refers to the deviation of variable z from its steady-state value. Equation (1) is
an aggregate supply relationship otherwise named NK Phillips curve (NKPC) with slope
x >0, B € (0,1) is the utility discount factor of the households and ES%(# 1) refers to the
subjective aggregate expectation of inflation in period ¢+ 1 subject to SL, which needs
not coincide with RE. In other words, the aggregate subjective inflation beliefs need not
coincide with the true conditional expectations of inflation according to the probability
distribution implied by the model, that we denote by the usual operator E;(:). Variable
u; is a cost-push shock.

Equation (2) describes aggregate demand in terms of output gap, denoted by j; o >0
is the inverse of the intertemporal elasticity of substitution of consumption; i; is the
nominal interest rate set by the CB; g; is a real shock and we assume rational expec-
tation of the output gap in period ¢ + 1. While it would be straight-forward to include
lagged inflation in Eq. (1) and lagged output gap in Eq. (2) perhaps as a result of con-
sumption habits and price indexation,'! we refrain from doing so here because such a
less parsimonious version does not improve the quality of the estimation in Section 3.

The shock processes g and u are to be specified below and we add an interest-rate
feedback rule of the following form:

i =pili—1+ L —p) (Pafts + Py Ji) + v, 3

where ¢y, ¢, > 0 reflect a concern for inflation and output gap stabilization under a
flexible inflation-targeting regime, p; € (0,1) models interest-rate smoothing and v; is
a monetary policy shock.

Under RE, E fL(ﬁ r+1) = Et(T£41), and the model is entirely summarized by Egs.(1), (2)
and (3) together with some shock processes and it is straightforward to obtain a closed-
form solution using standard methods. The minimum state-variable (MSV) solution
reads as follows:

Zr=PZi1+Qey, (4)

where Z; = (fr 6 Vi it)' gathers the endogenous variables, €; = (ut, g vt)' collects the ex-
ogenous shocks, matrices P and Q depend on the parameters of the model and the inter-
cept is always zero because variables are expressed in deviation from their steady-state
values.

" Grimaud et al. (forthcoming) show how subjective and dispersed expectations that evolve under SL can be
introduced in any DGSE model and provide a Dynare toolbox to solve the resulting HENK models, which we
use in the present paper.



In the HENK model, EfL(ﬁ t+1) # E+(7T++1) and to close the model, one needs to spec-
ify how subjective inflation expectations are formed. This information friction is the only
departure from the otherwise standard RE textbook model.

2.2 Dispersed information and subjective inflation beliefs

We use a model of dispersed information driven by social interactions to introduce in-
formation friction regarding the long-run value of inflation. Therefore, there is disagree-
ment among heterogeneous agents who differ from each other only regarding their sub-
jective beliefs about long-run inflation. We focus on heterogeneous inflation expecta-
tions because households have admittedly more information about their own future in-
come, as incorporated in the output gap expectations in the Euler equation (2), than
about aggregate future inflation (see Walsh (2022) for a similar argument). More impor-
tantly, our focus is on the possibility of long-lasting drifts in inflation expectations away
from the target.

Consider a discrete population of agents, indexed by j € {1,2,..., J}, which differ only
by their subjective inflation expectation, denoted by E}glg(ﬁ r+1).- Without loss of gener-
ality and to facilitate the implementation of social interactions (see below), J is an even
number. Appendix B shows how the present model can be micro-founded when indi-
vidual expectations are aggregated into the set of equations (1)-(2) using the arithmetic

mean, i.e. ESL A,y = %Z§:1 Ejsli(ﬁt+1) (see also Arifovic et al. 2024).

Before making explicit the evolution of these beliefs in the HENK model, we intro-
duce two assumptions, namely steady-state learning and internal rationality. Under
steady-state learning, agents’ beliefs concern only the low frequency component of in-
flation, i.e. the intercept in the MSV solution of the economy; see, e.g., Carvalho et al.
(2023) for a similar assumption. The rest of their expectations, that is the effects of the
transitory shocks and the lagged endogenous variables on inflation, coincides with RE.

As to internal rationality, it implies that agents are aware that this deviation from RE
impacts the law of motion of the economy and they internalize its effects when forming
their forecasts; see Adam & Marcet (2011) for a similar approach. Mathematically, the
deviation from RE introduces an additional state variable, which could equivalently be
conceived as an additional shock, into the model.'? This variable, which we denote by ¢,
summarizes the learning dynamics, i.e. the distance between the dispersed subjective
inflation beliefs and their rational counterpart. We make ¢ explicit below but it is not
necessary at this stage. The nested case of ¢; = 0, V¢ corresponds to the model without
SL beliefs and boils down to the RE model in Section 2.1. In the HENK model, the MSV
solution (4) is therefore augmented as follows to account for the presence of subjective
beliefs:

2, =Pz +Q&;, 5)

where Q = (Q R) is now a 3 x 4 matrix whose first three columns correspond to Q in Eq.
(4), R is a 3 x 1 vector that also depends on the structural parameters of the model, and

!/ !
Er= (ur,gt, Vt»(Pt) = (€t,(Pt) .
Under the aforementioned assumptions, agents use forecasting models, or perceived

laws of motion (PLM), that have the same form as the MSV solution (5). In other words,
their PLM is well-specified and coincide with the MSV solution of inflation dynamics, up

12Note that internal rationality implies that the rational output gap expectations that we assume in the model
correspond to the true conditional expectations according to the probability distribution implied by the HENK
model, i.e. a rational forecaster takes into account the effect of non-RE inflation beliefs on the output gap.



to a constant. Agent j uses the following forecasting model:
A0 = aj+ Prozioy + Queéy, (6)

where a;; is their subjective belief about steady-state inflation, and matrices P; . and
Q.. refer to the first row of matrices P and Q as defined in Eq. (5). Since inflation is
expressed in deviation from the target, any non-zero intercept a; ; in Eq. (6) corresponds
to a subjective misperception of steady-state inflation. An individual belief a; ; may be
interpreted as the relative anchoring of agent j’s inflation expectation with respect to
the CB’s inflation target, where a;; > 0 denotes an upward-biased view and a;; <0 a
downward-biased perception of the target and a;; = 0 indicates a perfect anchoring
at the target. Agents hold dispersed beliefs {a; /} je;, which need not coincide with the
inflation target (i.e., with zero) and agents constantly revise these beliefs (see Section
2.3).

Once a stochastic process for the exogenous shocks g, u and v is assumed, the only
component that remains to be specified — besides the evolution of the idiosyncratic be-
liefs {a; ;} - is the state variable ¢,. Note that agents do not need to know how exactly ¢
is aggregated from the individual beliefs {a; ;} to use their PLM (6) but they need to form
aforecast for ¢ to forecast inflation in £+ 1. We make two information assumptions to
obtain a closed-form solution of the model and be able to use standard full-information
estimation methods to bring our model to the data. The first assumption establishes
that individual beliefs are dispersed and, hence, private:

Assumption 1 (Dispersed idiosyncratic beliefs) Beliefs are private, agents cannot observe
the beliefs of the others beyond the one of their mate during one-to-one social interactions:
agent k does not observe any other beliefs aj;, j # k, ¢ in the population, where an agent
¢ is randomly selected without replacement in the entire population of ] agents to be the
matched mate of agent k in a given period (see Section 2.3 for details).

Under Assumption 1, agents in the HENK model use their private beliefs to proxy
for the aggregate deviation of inflation expectations from RE in £ +1, i.e. E}%((ptﬂ) =
aj . Together with explicit shock processes and a definition of the information set in
time ¢, it is then straightforward to iterate forward the forecasting model (6) and take the
mathematical expectation to obtain the idiosyncratic inflation expectation of agent j:

B} () = @+ ProEr (20 + Q1o (Erlersn) a)0). (7)

Contemporaneous variables Z; may or may not be observable depending on the as-
sumption pertaining to the information set in £.!3> We also assume that agents use their
latest available belief a; ; in their forecasting model.

The second assumption is a consequence of Assumption 1 and pertains to the infor-
mation set under RE. By RE, we have in mind an observer who forecasts the endogenous
variables given their information set in line with their true conditional expectations ac-
cording to the probability distribution implied by the HENK model. If individual beliefs
were observable, an RE observer could predict future aggregate beliefs by anticipating
the news shocks and the selected beliefs out of all possible pairwise comparisons in the
tournament. However, since individual beliefs are private, this computation is unavail-
able. Instead, the RE observer could estimate the aggregate outcomes of the learning

13Grimaud et al. (forthcoming) show how the model can be straight-forwardly aggregated and solved while
keeping the consistency between the subjective beliefs {a;,;} and the aggregate deviation from RE ¢, under
both information assumptions. Ozden (2024) further discusses timing assumptions when estimating NK mod-
els under learning.



process detailed in Section 2.3 hereafter by using a forecasting model involving the state
variables of the model. However, this would add approximations and learning from the
RE observer, on top of the information frictions in the agents’ beliefs, which would make
the framework substantially more complex and jeopardize the consistency between the
agents’ individual expectations and the macroeconomic view of the observer. We in-
stead define a quasi-RE observer and make the following assumption:

Assumption 2 (Random-walk beliefs) In the absence of information about the forma-
tion of individual beliefs, in particular the functioning of the social interactions among
dispersed agents, a quasi-RE observer of the SL economy treats the aggregate beliefs ¢ as a
random-walk process in expectations (i.e., a martingale).

One can think of Assumption 2 as depicting a CB surveying household or firm expec-
tations and unsure about the precise way they form their expectations. The CB (or the
macro observer) instead incorporates the latest observable information about their be-
liefs to predict the next period. Under Assumptions 1-2, we may write E;(¢;41) = ¢;.'*
The aggregate inflation expectation, i.e. the average of the distribution of subjective be-
liefs given by (7), reads as:

. 1 . ) -
EfL (7Te+1) = j Z E]S]; (F1+1) =@¢ + P1oEr (20) + Q1o (Br(gr+1), Er (1), Er (Ve41), @1)
jeJ
=@;+ Py Et (20) + Q1 E8ria
=@+ E;(f41). (8)

where we explicitly define ¢, =} jc;a;  as the average subjective belief about steady-
state inflation in the economy, consistently with the definition of ¢ in Eq. (5) as the gap
between aggregate subjective beliefs and their RE counterparts. The last equality in Eq.
(8) stems from the forward iteration of Eq. (5) which gives the rational inflation forecast
in the HENK model. Note that Assumption 1 is not essential: given our aggregation pro-
cedure, the same aggregate expectation (8) would result if SL agents were to forecast ¢
in the same way as the quasi-RE observer, i.e. using Assumption 2 — for instance if the
average belief in the economy were to be released at the end of each period, perhaps
through the publication of survey outcomes. In such case, only the individual expecta-
tions and, hence, the cross-section would be affected by the use of Assumption 1.

2.3 Evolution of inflation beliefs under SL

To conclude the model presentation, it remains to be determined how the cross-section
distribution of beliefs {a; ;} evolves between time 7 —1 and ¢. Intuitively, beliefs evolve
under SL, which involves decentralized interactions during which agents: after receiving
news, they are grouped by pairs and compare their long-run inflation beliefs. The belief
of the agent whose forecasting model produces the lowest forecast errors over the recent
inflation history is adopted by the other member of the pair.

Formally, SL is a recursive non-linear process that we summarize at the agent-level
by a function s(-) as follows:

aji—aj-1=5Aestj o et 7). 9

14We use the E;(-) operator although the resulting expectations are model-consistent only when the aggregate
belief ¢, which is explicitly defined in Eq. (8) hereafter as the average belief over the J agents, is zero. It is
the case at the REE, where a;, = 0, Vi, but it is sufficient that the average belief across all agents is zero. In
general, the derived closed-form solution represents a quasi-REE, and the E;(-) operator a quasi-RE, since all
expectations are model-consistent, except the expected aggregate outcome of social interactions after news are
received, i.e. Sy, (see Section 2.3 for details).



Let us unpack the process s(-). Information shocks A; and ¢}, are independently and
normally distributed (their variances, denoted respectively by ai and 012, are estimated
in Section 3). A, is an aggregate information shock which affects all individual beliefs
in the cross-section distribution to a same extent and could be interpreted as a com-
mon trend in the inflation expectations or the “mood of the market.” Shocks ¢; ; are the
idiosyncratic news shocks, drawn for each agent j independently. The presence of the
whole history of past inflation rates in s(:) reflects the selection mechanism of the news
during the social interactions: agents are more likely to adopt the forecasting models
(6) that yield relatively better past forecasting performances, and discard those giving
relatively higher forecast errors.

Precisely, SL follows a three-step process and encompasses two operators inspired
by evolutionary learning and the use of genetic algorithms (GAs) for optimization pur-
poses. First, at the beginning of period ¢, the economy-wide and individual information
shocks are realized. Each agent j receives both an idiosyncratic and a common news
which modify their belief with a probability u. This probability is akin to a “Calvo” prob-
ability where information, rather than prices, is sticky (Mankiw & Reis 2002). Formally,
individual beliefs are modified as:

mj,t:aj,t—1+ﬂwj,[sy(lj,t+/1t) (10)

where @;,; ~%(0,1), so that 1, < is a dummy variable which equals one if agent j in
period ¢ has received the news (which occurs with probability y), and zero otherwise.'®

Second, after possibly updating the intercept in their forecasting model (6) with its
new value given in Eq. (10), each agent j evaluates their associated forecasting per-
formances over the whole history of inflation, but by putting more weights on recent
forecast errors relative to the ones from the more distant past:

t—1
Fjo==) 0" (e =B} ) (Re—clmye))? (11)
7=0

where E]SLt_T_I (ﬁ (—rlm j,[) is the forecast of inflation in period ¢ — 7 formed with the in-
formation set in ¢ — 7 — 1 and the forecasting model (6) where the intercept a; ; is m; ;.
Lower values of p € (0,1) imply a faster discounting of past errors, and higher values of

Fj; indicate greater forecasting accuracy (or, equivalently, lower forecast errors).

Third, social interactions take place and are modeled via a tournament process dur-
ing which all agents are paired, which results in //2 couples. The best forecasting model
within the couple (i.e. the one with the highest accuracy (11)) is adopted by the two
members, and the least accurate one is therefore discarded. Formally, if agents k and ¢
are paired, we have:

(ak,tr aé,l’) = I[Fk‘t>F[‘t(mk,t7 mk,t) + (1 - I[Fk‘[>Fp,[)(m€,tr m[,t)- (12)

where 1f, >r,, is a dummy variable equal to one if the forecasting model of agent k
utilizing ay ; has smaller forecast errors than the model of agent ¢ utilizing ay ; so that
agent ¢ copies the forecasting model of agent k, and zero otherwise (when agent k then
copies the forecasting model of agent ¢).

Once these three steps are completed, the distribution of subjective beliefs is up-
dated. To collect the model’s equations and present the estimation method in Appendix

15The notation m and F hereafter are inherited from the mutation process and fitness measurement in the
GA language.



A.1, it is convenient to express the evolution of beliefs at the aggregate level by summing
Eq. (9) as follows:

(Pt = (Pt—l + S()lt,{Lj,t}rﬁt—lr~-~)ﬁl) = (Pt—l + S(')’ (13)

where S(-) is a non-linear function without an analytical expression that describes how
the SL algorithm modifies the average subjective belief about steady-state inflation in
the economy as a function of the aggregate and idiosyncratic shocks and the history of
inflation.

2.4 Summary of the model

Collecting all equations gives the summary of the model with disperse and subjective
inflation expectations:

frr =K+ BEY (Revn) +
Pe=E@re) =0 (1= E}E (Gean) + 81,
Ir=pil-1+1-py) (anﬁt + (ny/t) + vy,
E}gLfTHl =@+ Efte,
Qr=@1+S80),
@ =Ei(@e+1),
Pt = Z ajr,

jeJ
8t=pPg8-1+ Ef —.Ugff_l,
Up =Pyl +Ef —Hustu_p

v
Ut:f,'[,

where the fourth to the seventh equations describe the subjective steady-state beliefs.
The seventh equation is relevant to define the time-varying distribution of the idiosyn-
cratic subjective beliefs. The last three equations of the model specify the processes of
the fundamental shocks for the purpose of the estimation (s‘f , e’t‘ and 5? are i.i.d. zero-
mean Gaussian processes).

As usual, this model can be stacked into a matrix system as follows:

E, (Fzm + G2+ Hz, | + M&) =0, (14)

Identifying the terms with the MSV solution (5) solves for the policy function and pins
down matrices P and Q.'® Note that we only solve for well-specified models by consider-
ing the stable root P of the problem, which implies that the RE counterpart of the HENK
model is always determinate.

3 The estimated model

The model is estimated using a Bayesian approach applied to a non-linear environment
thanks to the inversion filter (Cuba-Borda et al. 2019), the technical details of which are
deferred to Appendix A.1. In this section, we describe the data used, the estimated pa-
rameter values, the shocks identified, and the heterogeneity in expectations generated
by the estimated model.

16To do so, we use the toolbox presented in Grimaud et al. (forthcoming) developed for Dynare (Adjemian
etal. 2024).
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3.1 Datadescription

Our sample comprises four macroeconomic time series that span the periods from 1985Q1
to 2023Q4 for the US economy. As the model’s endogenous variables are expressed in
percentage deviation from the steady state, a transformation of the data is necessary
to make it consistent with its representation within the model. The first variable is the
output gap. We take the real domestic product from the FRED database (GDPCI) and
express it in percentage deviation from its trend as measured by an adjusted one-sided
HP filter.'” The second variable is the quarterly inflation rate, also taken from the FRED
database (CPIAUCSL), and measured based on the percentage change of the US con-
sumption price index (CPI). This measure of inflation is used to maintain consistency
with the third time series — namely, inflation expectations, that are taken from the SPF
which consists of CPI forecasts. We consider the average one-quarter-ahead inflation ex-
pectation (CPI3). Because realized and expected inflation rates are linearized around the
same steady-state value, we demean inflation and inflation expectation values with the
sample average of realized inflation. Lastly, the conduct of monetary policy is summa-
rized by the nominal interest rate. To consider the effects of unconventional policies in
stylized structural models, we use the proxy funds rate of Choi et al. (2022) that captures
both quantitative easing (QE) and tightening (QT).
The resulting mapping between the sample and the model is given by:

Output gap Vi

Inflation rate B Ay
Inflation expectations - [EfL(ftHl)

Nominal rate i

3.2 Parameter values

As usual in the business-cycle literature, the discount factor is calibrated and we use
B =0.99. The rest of the parameters are estimated through Bayesian techniques.

The prior distributions of the parameters are listed in the first three columns of Table
1 and are based on the existing literature. In detail, for exogenous disturbances, the
standard deviations are given by an inverse gamma “type 2” distribution with a prior
mean of 0.001 and a standard error of 0.1. Our prior is inspired by Christiano et al. (2014)
but we allow for a less informative prior to capture possibly larger fluctuations induced
by the COVID-19 recession. The persistence of stochastic processes is taken from Smets
& Wouters (2007) with a beta distribution, a prior mean of 0.5 and a standard error of 0.2.
The MA(1) prior distributions for the demand and cost-push shocks are also reminiscent
of the ARMA markup shocks of Smets & Wouters (2007).

Regarding the structural parameters, the means of the parameters related to utility
and monetary policy are in line with Smets & Wouters (2007), with slightly tighter pri-
ors to circumvent possible sources of weak identification. We estimate the slope of the
NKPC as a composite parameter'® whose prior mean and standard deviation are set to
match the usual intervals of price stickiness found in the literature.

As for the learning parameters, we set the priors’ means in line with the SL litera-
ture exemplified in Arifovic et al. (2013, 2018, 2024), Grimaud et al. (forthcoming). On a

7This allows us to avoid the well-documented bias at the end of the sample when using the standard HP
filter (Hamilton 2018).

18From the estimated value, it is straightforward to retrieve the values of the Rotemberg (1982) adjustment
costs through the microfoundations given some values of the Frisch elasticity of labor and the elasticity of
substitution between goods, see Appendix B.6.
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Panel A: Shock processes

Demand shock std Og
Cost-push shock std oy
Monetary policy shock std oy
AR(1) of the demand shock Pg
AR(1) of the cost-push shock  p,
MA(1) of the demand shock Mg
MA(1) of the cost-push shock

Panel B: Structural parameters

Slope of the NKPC K
Intertemp. elasticity o
Inflation stance b
Output stance by
MPR smoothing [

Panel C: Social learning parameters

Idiosyncratic news shock std. ¢,

Aggregate news shock std o2
Decay in past forecast errors ~ p
Frequency of news shocks 7

Log marginal data density

PRIOR DISTRIBUTION

POSTERIOR DISTRIBUTION

Shape Mean Std Mode Mean [5%:95%]
f%, 0.001 1 0.0062 0.0067 [0.0058:0.0076]
£%, 0.001 1 0.0043 0.0043 [0.0039:0.0048]
£%4, 0.001 1 0.0023 0.0023 [0.002:0.0025]

B 0.5 0.2 0.7424 0.7455 [0.7048:0.7869]
B 0.5 0.2 0.6554 0.6328 [0.5934:0.6771]
B 0.5 0.1 0.4222 0.4579 [0.3959:0.5395]
B 0.5 0.1 0.5367 0.4887 [0.4354:0.5386]
4 0.3 0.05 0.1913  0.2032 [0.1741:0.24]
9 1.75 0.25 1.7 1.6993 [1.6914:1.7091]
9 1.5 0.1 1.6983 1.7131 [1.6952:1.733]
9 0.15 0.01 0.1617 0.1564 [0.144:0.1723]
B 0.7 0.1 0.8159 0.8179 [0.7925:0.8411]
9 0.1 0.05 0.0006 0.0006 [0.0006:0.0006]
£%, 0.001 1 0.0004 0.0004 [0.0003:0.0004]
B 0.8 0.1 0.7978 0.7745 [0.7041:0.8599]
B 0.3 0.05 0.426  0.4357 [0.3937:0.4808]
-2818.12

Table 1: Priors and posteriors of the estimated model from 1985Q1-2023Q4

technical note, those priors are set rather tight due to the non-linearity in the SL process
which makes the minimization problem of the estimation rather difficult, even for the
global optimization algorithm we use. The prior for the standard deviation of the ag-
gregate news shock under SL is set in the same fashion as for the rest of the exogenous

shocks.

The last three columns of Table 1 provide the posterior distributions of the estimated
parameters. Looking at Panel A reveals that all the standard deviations of the shocks are
different from zero and none of the processes exhibit unit-root behaviors. From Panel B,
all posterior means are different from their prior means at a 10% confidence level, except

for ¢y.

Panel C of Table 1 presents the values of the SL parameters. The standard deviations
of the aggregate and idiosyncratic news shocks are strictly higher than zero. The decay in
past forecast errors p used to evaluate each agent’s subjective forecasting model implies

that the half-life of forecast errors in the performance measure is lg% ~ 3 quarters. The
value of parameter p implies that approximately 40% of the agents receive an inflation

news every quarter.

We now examine the underlying forces driving fluctuations by breaking down the
variance of each time series into distinct combinations of the shocks. The detail of the
model validation and the comparison with the RE framework are presented in, respec-

tively, Appendix A.2 and A.3.
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3.3 Historical decomposition

Figures 2, 3 and 4 show the decomposition of the variance of, respectively, inflation,
inflation expectations and the interest rate between the four types of shocks we consider,
namely cost-push, demand, monetary policy and expectation shocks, over the period
2007Q1-2023Q4.'° We defer the decomposition of the output gap variance to Fig. C.6 in
Appendix since it is not the focus of the analysis, together with the decomposition of the
other variables over the entire sample in Figs. C.3-C.5.

Fig. 2 shows the large and negative contribution of dispersed expectations to infla-
tion over the 2010 decade of below-target inflation and in the aftermath of the COVID-19
pandemic until the beginning of 2022 (see the blue bars below the zero line). This effect
operates through the inflation expectations channel, as evidenced by the overwhelming
contribution of these shocks to the variance of subjective inflation expectations in our
model (see Fig. 3).

Importantly, since our model nests the FIRE benchmark, it is always a possible out-
come of the estimation exercise: time periods over which the expectation shocks play
no substantial role in explaining the macroeconomic dynamics indicate data that are
consistent with the FIRE model. This is notably the case in the mid-nineties (see Fig.
C.3), around 2007, 2016-2017 and 2019 (Fig. 2). In this respect, the contribution of the
expectation shocks to the great financial crisis (GFC), up until the end of 2009, appears
negligible compared to the role played by the fundamental and the policy shocks. This
is in stark contrast with the ‘missing inflation’ 2010 decade and the recent experience.

Furthermore, Fig. 4 illustrates the negative contribution of all shocks to the move-
ments in the policy instrument since the GFC until the COVID-19 area. Despite our use
of the proxy funds rate which accounts for the effects of unconventional monetary pol-
icy, the large contribution of monetary policy shocks over the 2010 decade until 2022
reflects a looser monetary policy stance compared to the interest-rate path compatible
with the estimated Taylor rule; see the yellow vars below the zero line.

Focusing on the post-2020 area, inflation is initially subject to negative demand and
monetary policy shocks at the onset of the COVID-19 pandemic (2020Q2-Q3); see, re-
spectively, the orange and yellow areas in Fig. 2. Supply shocks then ensue at the begin-
ning of 2021 and continue into 2022 (see the green bars). In the wake of the COVID-19
pandemic, the contribution of dispersed expectations to inflation first remains negative,
which translates the sluggishness of below-target expectations inherited from the 2010s
in our model (see the blue bars below the zero line). The contribution of expectation
shocks then turns positive and explains most of the variance of inflation in the last two
years of the sample (see the blue bars above the zero line).

Fig. 3 shows the corresponding drivers of subjective inflation expectations. In 2020Q2,
the movements in expectations are overwhelmingly initiated by negative demand and
monetary policy shocks (see the orange and yellow bar below the zero line), before the
expectations shocks kick in and drive first expectations below, and less than two years
later, above the target (see the thick blue area below the zero line until the beginning of
2022, and above afterwards). This pattern is accompanied by negative and then positive
shocks in the CB’s instrument, indicating a too loose and then too tight monetary policy
stance compared to the one implied by the Taylor rule (see the yellow area since 2020Q2
on Fig. 4).

9The contributions of the demand, supply and monetary policy shocks are extracted by simulating the
model considering one shock at a time under RE, which is the standard procedure in Dynare. The contribution
of SL expectations is treated as the residual of this exercise and includes the effects of both the idiosyncratic
and the aggregate news shocks and the history-dependent learning dynamics.
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Figure 2: Historical decomposition of the inflation rate (2007Q1-2023-Q4)
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Figure 3: Historical decomposition of one quarter ahead of aggregate inflation expectation
(2007Q1-2023-Q4)
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Figure 4: Historical decomposition of the policy rate (2007Q1-2023-Q4)

The recent disinflation appears therefore to be mostly due to a combination of tran-
sitory shocks and monetary policy actions, namely the easing of supply pressure, the
normalization of monetary policy and the fading out of expectational shocks, i.e. the
re-anchoring of inflation expectations to the Fed’s target.

Before exploring the macroeconomic effects of these recent policy shocks in greater
detail in Section 4, we take a look at the implied heterogeneity in expectations in our
model with respect to its empirical counterpart, and explore its role in the transmission
of monetary policy.

3.4 Heterogeneity in expectations over the business cycle

The estimation only takes the SPF average inflation expectations as an input, but our
model generates the whole time-varying distribution of idiosyncratic subjective beliefs.
It is therefore possible to compare this distribution with its (untargeted) empirical coun-
terpart to further evaluate the empirical relevance of the model. It is then valuable to
discuss the distinct role of heterogeneous expectations in the transmission of monetary
policy in our framework.

Fig. 5 reports the time-varying 50 and 90% dispersion along with the median expec-
tations since 2007 in the SPF (in red) and in the estimated model (in blue); see Fig. C.7 in
Appendix C for the whole sample (the data in the figure are expressed in p.p. deviation
from the target). It is revealing to see how much the two patterns overlap. The cross-
sectional distributions display a similar dynamics during the GFC, where disagreement
was stronger than during the following decade. The dispersion in both datasets is min-
imal over the 2010s, in particular towards the end of the decade, where inflation expec-
tations are concentrated a little below the inflation target, both in the SPF and in the
model. This observation is in line with these time periods being well-accounted for by
the FIRE benchmark, as discussed in Section 3.3. In both datasets, disagreement then
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HENK MODEL DATA [0.05;0.95]

Cross sections

Average standard deviation of forecasts 0.2131 [0.1740;0.2029]
Average interquartile range of forecasts 0.2327 [0.1908;0.2210]
Average skewness of forecasts 0.1494 [-0.4451;-0.1466]
Average kurtosis of forecasts 4.6631 [4.2470;5.1970]
Correlations

Correlation of output gap and standard deviation of forecasts -0.3668 [-0.3975;-0.1034]
Correlation of inflation and standard deviation of forecasts 0.0663 [-0.0260;0.2830]
Correlation of output gap and interquartile range of forecasts -0.1773 [-0.3459;-0.0438]
Correlation of inflation and interquartile range of forecasts 0.1914 [0.0403;0.3428]

Notes: Model-implied moments are computed across the sequence of filtered shocks that replicate the business
cycle at the aggregate level.

Table 2: Empirical and model-implied cross-section moments along the filtered shocks

increases at the onset of the COVID-19 pandemic, and the distribution of inflation ex-
pectations shifts upwards and peaks above target in the beginning of 2022.

Fig. 6 provides another look at the heterogeneity in the SPF forecasts and in the
model-generated expectations by comparing two measurements of their dispersion. The
top and the bottom panels report the time series of, respectively, the interquartile range
and the cross-sectional standard deviation of expectations in the SPF (dotted lines) and
in the model (plain lines). The similarity in the time-variation pattern between the two
data sources is striking, with a significant correlation of about 50% between the two time
series for each of the two measurements considered. Our model captures particularly
well the increase in dispersion that accompanied the GFC and the COVID-19 area, as
well as the low dispersion over the Great Moderation period.

To go deeper into the validation exercise, Table 2 compares (untargeted) moments
of the distribution of expectations in the SPF and in the model, in particular the co-
movement of the cross-section with the business cycle. In this respect, we find that all
magnitudes and signs observed in the data are also observed in the model. Our model
further accounts for all other (untargeted) measurements of dispersion, to the exception
of the average skewness which indicates that the model-generated distribution of beliefs
is more skewed to the left compared to the average pattern seen in the SPE

The collection of evidence presented so far along with Appendix A.2 suggests that our
model is well-suited to account for both the recent macroeconomic developments and
the dispersion of micro-level beliefs.

Importantly, moving beyond describing the heterogeneity in expectations, we may
now use our framework to investigate the distinct role of this heterogeneity in the trans-
mission of shocks and monetary policy. As alluded to in the introduction, this feature is
suggested by the data but may not be systematically examined in homogeneous agent
settings, such as the FIRE benchmark, adaptive learning models or most rational inat-
tention frameworks.

To shed light on this matter, we simulate IRFs of the model under varying degrees of
dispersion in inflation expectations. Specifically, at the onset of a shock in ¢ = 0, each
individual belief a; ¢ is assumed to follow a normal distribution with a mean of zero (i.e.,
o = 0, corresponding to the FIRE benchmark), and a standard deviation set as a pro-
portion of the maximum model-generated standard deviation under the filtered shocks.
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Inflation expectations in deviation from trend inflation

Notes: Here, and in all subsequent figures, data are expressed in p.p. on a quarterly basis and in deviation
from the steady state value, which is 2.76% for inflation - i.e., the sample average. Hence, a peak in 2022 at
0.5% indicates 2.76 + 4 x 0.5 = 4.76% inflation on a yearly basis. Appendix Fig. C.2 displays the transformed
inflation paths in year-over-year rates on a quarterly frequency for most figures presented in Section 4. The
red and the blue areas represent respectively the distribution of the forecasts from the SPF and the model-
generated subjective inflation expectations . The dark shaded areas contain 50% of the individual expectations
in any period, and the light-shaded area 90% of them. The plain line is the median of the model-generated
expectations and the dashed line is the median of the SPE

Figure 5: Time-varying cross-sectional dispersion of inflation expectations

Fig 7 presents the mean dynamics of the endogenous variables over 1,000 Monte Carlo
simulations after a cost-push shock. Figs 7, C.8, C.9 and C.10 in Appendix C report on
the same exercise after, respectively, a demand, a monetary policy, and an expectational
shock.

In all these figures, it is evident that the greater the initial dispersion in expectations,
the larger and more persistent the ensuing fluctuations in all variables. This is particu-
larly striking when looking at the effect of dispersion on aggregate inflation expectations,
where a greater dispersion is also associated with larger deviations from the target. In
turn, this larger unanchoring of expectations calls for higher-for-longer nominal rates
to stabilize larger inflation gaps, at the price of deeper and more persistent output gaps.
Therefore, the heterogeneity in inflation expectations amplify the effects of the shocks
on the economy and complicates the stabilization task of the CB.

Within the context of our model, the intuition behind the effect of heterogeneous
expectations on monetary policy transmission may be expressed as follows. A greater
dispersion in beliefs leads to a more diverse population of forecasting strategies which
then contains more ‘extreme’ beliefs, i.e. beliefs that are further away from the target. In
face of a shock that temporarily moves inflation away from the target, these ‘extreme’ be-
liefs are temporarily validated since they result in lower errors when it comes to forecast
recent inflation than beliefs that are closer to the target. Consequently, these ‘extreme’
beliefs may gain momentum during social interactions and diffuse in the population
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Notes: Data are expressed in p.p. deviation from the target, see Fig. 5 for interpretation. The top panel repre-
sents the interquartile range of the distribution of inflation expectations in any period (i.e. Q3 - Q1), in the SPF
data (dashed blue line) and as generated by the model plain line). The correlation between the two time series
is 0.538 (with a corresponding p-value < 0.001). The bottom panel displays the standard deviations of these
distributions per period, with a correlation of 0.483 (and a corresponding p-value < 0.001).

Figure 6: Model-generated vs. empirical heterogeneity in inflation expectations

of agents, which contributes to steer the average inflation expectation away from the
target, which amplifies the effect of the exogenous shock. This mechanism enables a
perpetual feedback loop, wherein higher macroeconomic volatility is associated with a
greater heterogeneity in expectations which, in turn, contributes to amplify shocks and
increase aggregate volatility.

We now proceed to policy simulations within the context of this model.

4 Policy counter-factual simulations

In what follows, we experiment with counter-factual policy scenarios to assess the ef-
fect of the timing and the strength of the Fed’s reaction to the recent inflation surge on
inflation expectations and the macroeconomic variables. Table 3 contrasts these pol-
icy scenarios with respect to the historical benchmark using the micro-founded welfare
measure derived in Appendix B.7 and an ad-hoc aggregate loss function as commonly
used in policy institutions.
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Figure 7: Response to a one standard deviation supply shocks as function of initial hetero-
geneity in expectation

4.1 Delayed tightening cycles and unanchoring of expectations

We start by illustrating how inflation expectations may become unanchored or, in other
words, how an inflation scare can develop and entrench above-target inflation in the
model. To do so, in Fig. 8, we simulate what would have happened had the Fed delayed
its tightening cycle in 2021 by one, two, four or, even, eight quarters.°

From the simulations we can clearly see that delays in the tightening cycle generate
higher inflation expectations and realizations than under the historical scenario. This
worsening of economic outcomes is also reflected in the lower welfare values in these
counter-factual scenarios in Table 3 (see the first four rows of Panel B, where above-unity
values represent a welfare loss over the historical benchmark and below-unity values an
improvement). Longer delays in initiating the tightening cycle result in larger upward
movements in expectations, which translates into a more severe unanchoring of these
expectations and a stronger inflation surge. The extreme case of a two-year delay gen-
erates runaway inflation and a large overheating of the economy, as evident from the
dynamics of the output gap in this scenario.

Within the context of our model, a delayed tightening implies higher output, marginal
costs and inflation, which contributes to the diffusion of above-target inflation expecta-
tions through the social interactions. Due to the self-referential nature of the NK Phillips
Curve, these higher inflation expectations feed higher inflation, which further increases

201n our simulations, the path of the nominal rate is constrained through unexpected monetary policy shocks.
Considering anticipated shocks instead would only strengthen the inflationary effect of these shocks on the
expectations and the macroeconomic variables.

19



Ad-Hoc measure Microfounded measure

£02101,202304 WU 02101,202304
Scenario (as aratio of the benchmark) (as a ratio of the benchmark)
Benchmark 1 1
A. Alternative MP shocks
No MP shocks after 2021Q1 0.385 0.955
B. Timing of the tightening
One-quarter delay 1.0890 1.0040
Two-quarter delay 1.2140 1.0090
Four-quarter delay 2.1890 1.0510
Eight-quarter delay 5.7600 1.1670
+100 basis point in 2021Q1 0.336 0.949
+400 basis point in 2021Q1 0.304 0.932
+800 basis point in 2021Q1 0.555 0.922
P, +10% more inertia 2.591 1.142
0. —10% less inertia 0.643 0.967
C. Hawk and dove
¢ —10% more dovish 1.057 1.052
¢ +10% more hawkish 0.960 0.981
D. Crossed scenarios
p,+10% and ¢, — 10% 3.060 1.299
P, +10% and ¢ + 10% 2.534 1.102
p, —10% and ¢ — 10% 0.640 0.994
P, —10% and ¢ + 10% 0.645 0.950
E. Early cuts
100 basis point 2022Q3 1.200 1.005
100 basis point 2022Q4 1.102 1.003
100 basis point 2023Q1 1.097 1.002
100 basis point 2023Q2 1.079 1.001

Note: Lower-than-one (resp. higher-than-one) ratios indicate that the scenario considered leads to higher
(resp. lower) welfare than the historical benchmarks scenario. Numbers in bold indicate welfare-improving
scenarios compared to the benchmark.

Table 3: Welfare ratios to the benchmark (2021Q1-20230Q4)

these expectations.

Fig. 9 digs further into the dynamics of the distribution of inflation expectations un-
der the different scenarios. It represents the time-varying share of inflation beliefs (i.e.,
the idiosyncratic variables a;, ;) that lie between 1% and 3% on an annualized basis. Our
interpretation of the {a; (} as the idiosyncratic biases toward the long-run anchor is in-
tuitive: the case a;, =0,V j, represents the RE case where expectations are anchored at
the target. Therefore, Fig. 9 illustrates a measure of the anchoring of inflation expecta-
tions or, in other words, the credibility of the CB’s target or the size of the inflation scare:
the lower the share of agents that hold long-run beliefs between 1 and 3%, the more
unanchored expectations, the lower the credibility of the target, and the more severe the
inflation scare.

In the historical scenario, this share falls to 40% in mid-2022 before recovering above
90% by the end of 2023. Consistent with the insights of Fig. 8, all delayed-tightening sce-
narios result in further unanchoring of expectations compared to the historical scenario.
The extreme case of a two-year delay results in a 100% loss in the target’s credibility,
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Figure 8: Aggregate dynamics under delayed tightening cycle

which explains the runaway inflation observed in this scenario.

This first set of counter-factual simulations demonstrates the possibility of endoge-
nous inflation scares in the model. We now investigate a scenario absent monetary pol-
icy shocks.

4.2 What would have happened had the Fed strictly followed the
Taylor rule?

The series of substantial negative monetary policy shocks from mid-2020 until mid-2022
discussed in Section 3.3 and depicted in Fig. C.1 in Appendix C indicates that the Fed
was too accommodative during these two years compared to what the Taylor rule would
have prescribed. In other words, interest rates, even once accounting for unconven-
tional monetary policy via the use of the proxy funds rate, were below the path compat-
ible with the estimated interest-rate setting rule. Could the inflation surge in 2021-2022
have been avoided had the Fed strictly followed the Taylor rule? If so, at which costs in
terms of economic activity?

We simulate a counterfactual scenario using the estimated model where we remove
the monetary policy shocks after 2020Q4 so that the Fed sets the proxy rate according to
the Taylor rule instead — see the dashed blue line in Fig. C.1. This scenario is contrasted
with the actual economic developments under the benchmark scenario in Fig. 10. The
Taylor rule prescribes an earlier and more aggressive tightening than the actual rate path,
as evidenced from the plot of the proxy funds rate on Panel C.

The resulting inflation surge in 2021 is of substantially smaller magnitude compared
to the benchmark; see Panel B. The difference reaches about 0.75 p.p. in deviation from
the target on a quarterly basis and persists for several periods. Had the Fed tightened
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earlier in accordance with the Taylor rule, inflation would have been peaked about 3%
lower on a yearly basis. This earlier tightening contributes to keeping inflation expec-
tations lower for longer (for almost a year longer) and once the increase in expectations
materializes, it is more gradual, does not peak as high and for not as long as under the
benchmark scenario; see Panel D. In other words, if we measure expectations anchoring
as the cumulative distance between the average inflation expectations and the target
(zero in the model), expectations would have remained better anchored under the Tay-
lor rule scenario than in the benchmark historical scenario.

What is most compelling for the case for an earlier and stronger tightening is the
dynamics of the output gap under this alternative. While the reduction in the inflation
gap is intuitive, the prominence of cost-push shocks in the inflation dynamics in 2021,
as identified in Fig. 2, may suggest that such preemptive increases in the nominal rate
would have been detrimental to output. Looking at Panel A of Fig. 10, we see that this is
not the case. While the post-COVID-19 expansion that accompanied the relatively loose
monetary policy in 2021 and early 2022 would have been milder under a preemptive
tightening, the output gap would only have been briefly negative (in 2022Q2), which
would not have been enough to trigger a recession. This is because under the scenario of
an earlier tightening, the CB can exploit the sluggishness in subjective expectations and
delay the over-shooting of these expectations above the target which eventually results
from the positive cost-push shocks in 2021 and 2022. A better anchoring of inflation
expectations in turn softens the CB’s trade-off between the stabilization of inflation and
economic activity, which explains the relatively modest output cost in the Taylor rule
scenario for bringing down inflation earlier and by a greater magnitude.

As a conclusion, the strict implementation of the Taylor rule would have prescribed
a preemptive tightening which would have delayed and dampened the unanchoring of
inflation expectations, thus limiting further the inflation scare in the wake of the recent
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Figure 10: Aggregate dynamics under historical and counterfactual MP shocks

inflationary pressures. The macroeconomic outcome would have involved a smaller in-
flation surge at a negligible cost in terms of output. This beneficial outcome is evident
from the welfare measures in Panel A in Table 3, where the gain over the historical sce-
nario is among the strongest of all scenarios considered.

Next, we analyze various monetary policy counter-factual simulations in the spirit of
Walsh (2022), where we vary first the timing and then the strength of the monetary policy
reaction to the recent inflationary pressures.

4.3 Earlier tightening cycles and soft-landing

We have shown that the Fed fell behind the curve. One way to assess the effects of pre-
emptive tightening is to simulate positive monetary policy shocks that front-load right
in 2021Q1 part of the subsequent tightening cycle. Fig. 11 shows three examples of
such scenarios: the dashed red lines represent a 100 basis-point increase in the Fed’s in-
strument, the dotted green line a 400 basis-point increase, which represents half of the
increase over the entire historical tightening cycle, and the nested case where the whole
tightening is front-loaded at once in the dotted-dashed blue line.?! These exercises il-
lustrate the substantial effect on expectations and the economy of such a preemptive
tightening (panel D). Under the half- and full-tightening front-load scenarios, it is clear
that the departure of inflation from the target is minimal (Panel C), but comes at the cost
of a double-dip in the output gap given the cost-push shocks identified in Section 3.3
(Panel A). Note that front-loading only half of the tightening eventually results in a lower
peak in the interest rate for a much smaller inflation gap than the historical scenario.

21This extreme scenario is only considered for completeness. Note that our stylized framework allows us to
shed light on the interplay between interest rate adjustments and expectations coordination and anchoring
but it does not account for the effects of monetary policy on the other parts of the economy.
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Most relevantly, a smaller and more realistic preemptive tightening of 100 basis points
at the beginning of 2021 results in a proxy funds rate about 1% smaller on an annual ba-
sis than the benchmark scenario, a flattening of the interest rate path towards the end of
2022, contrary to the further increase that historically occurred mid-2023, and an infla-
tion gap about half of what was actually observed. The difference in the inflation dynam-
ics stems from lower-for-longer inflation expectations, which then only rebound beyond
the target amid the series of supply shocks that affected inflation in 2022 (see, again, Fig.
2). However, even a 100 basis-point front-loading of the tightening cycle comes at the
cost of two quarters of negative output gaps that invariably occur in each front-loading
scenario as a result of this series of cost-push shocks.

Yet, in the case of the 100 basis-point shock, the output gap remains positive up until
early 2022. A preemptive tightening therefore appears to exploit the sluggishness in sub-
jective expectations stemming from the information frictions and prolong the below-
target trend in expectations, which helps stabilize inflation at a relatively modest output
cost.

The fifth to the seventh rows of Panel B in Table 3 compare welfare measurements
under these three scenarios. Both the ad-hoc and the micro-founded welfare measures
indicate a U-shaped relationship between the size of the early tightening and the welfare
gain over the benchmark:?> Front-loading larger interest rate increases initially damp-
ens the inflation surge but the output costs become increasingly prohibitive. These
counter-factual exercises illustrate the merits and limits of preemptive actions of the
CB to manage expectations and soften the stabilization trade-off in the wake of adverse
fundamental shocks.

Another way to assess the timing of the monetary policy reaction is to simulate what
would have happened under a different Taylor rule, which would involve more or less
inertia compared to the estimated coefficient of p, = 0.83 (see, again, Table 1). A higher
smoothing parameter can be interpreted as a delayed response, and a smaller one as
an earlier reaction of the Fed to the inflation build-ups. We therefore compare scenar-
ios where we increase or decrease this coefficient by 10%, resulting in a scenario where
p'3€ = 0.91 and one with p?aﬂy = 0.74. Would a faster or slower reaction have helped
soften the stabilization trade-off in the wake of the post-pandemic inflation surge?

The results of these policy experiments are presented in Fig. 12, and the welfare com-
parisons are given in the last two rows of Panel B in Table 3. The ‘early’ scenario (see the
yellow dotted lines and the last row of Panel B) confirms the main message of Section
4.2: less inertia prescribes a quicker increase in the interest rate once inflation starts ris-
ing beyond the target in early 2021, which results in lower inflation expectations, a lower
inflation gap and a more moderate output expansion than in the historical scenario. The
difference in inflation between the ‘early’ and the historical scenario amounts to a non-
negligible 0.25% on a quarterly basis, which represents 1% on an annual basis. In this
‘early’ scenario, output gap crosses the zero line only in a single quarter (2022Q2) where
it barely reaches -0.1%, which is not enough to yield a recession.

By contrast, under the ‘late’ scenario (see the red dashed lines in Fig. 12), the tight-
ening of monetary policy is delayed compared to the historical scenario. This delayed
scenario would have resulted in a (much) more salient unanchoring of inflation expec-
tations, i.e. a (much) more severe inflation scare, and an annual inflation rate of about
4% higher than in the historical scenario. These worse economic outcomes are reflected
in the (much) lower welfare achieved in this scenario with respect to the benchmark (see
the one-but-last row of Panel B in Table 3).

22The maximum welfare gain arises for a stronger early increase — not displayed in the table — in the micro-
founded than in the ad-hoc welfare criterion. This is due to the absence of a financial sector in our model and
our use of the proxy fund rate, which is more volatile than the Fed fund rate.
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Figure 13: Aggregate dynamics under historical and counterfactual monetary policy stances
on inflation

4.4 More of an hawk or more of a dove?

Beyond the timing of the reaction to the recent inflationary pressures, could the Fed
have compensated the fall behind the curve by implementing a more hawkish monetary
policy? Alternatively, what would have been the outcome of a more dovish scenario? To
address these questions, we now vary the strength of the policy reaction to inflation by
experimenting with the coefficient ¢b; in the Taylor rule. We model an hawkish scenario
with a 10%-increase in ¢, beyond its estimated value of 1.82 (see again Table 1), i.e.

hawk — 2 and a dovish scenario with a 10%-lower-than-estimated reaction to inflation,
i.e. pdove = 1.64.

These policy experiments are presented in Fig. 13. The striking insight is that the
three scenarios do not dramatically differ from each other. While the ‘hawk’ scenario
features an earlier rise in the interest rate (red dashed-dotted lines) and the ‘dove’ sce-
nario delivers the opposite pattern (orange dotted lines), the magnitude of the differ-
ences in terms of inflation and output gaps appears negligible. Despite higher rates ear-
lier, the hawkish scenario does not reduce the inflation gap with respect to the historical
one, but closes the output gap as of early 2022. The corresponding welfare measures,
given in Panel C of Table 3, are in line with this observation: the more hawkish scenario
achieves a welfare gain and the more dovish one a welfare loss but the differences with
respect to the benchmark are small.

The hawkish scenario suggests that there is no way to compensate for falling behind
the curve by reacting more strongly to the build-up of inflation. To shed more light on
the matter, we experiment by varying simultaneously the timing and the strength of the
monetary policy reactions. Fig. 14 presents the outcomes of these policy counter-factual
scenarios. Itis evident from this figure that the timing, rather than the size of the reaction
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Figure 14: Aggregate dynamics under historical and counterfactual Taylor rules

to the inflation build-up, is what matters: see how close the two red lines (representing
an earlier reaction) and the two blue lines (picturing a delayed tightening) are from each
other.

Considering the two scenarios with an earlier reaction (i.e. the two red dotted scenar-
ios in Fig. 14), the magnitudes of the differences in terms of inflation and output with re-
spect to the historical benchmark are not large. The only noticeable difference concerns
the dynamics of inflation expectations: with an earlier but slightly less aggressive tight-
ening (the red dotted curve with ‘-’), expectations remain lower for longer compared to
the historical scenario, and they do not exceed the steady state before 2022. This sce-
nario is therefore the most favorable in terms of exploiting the sluggishness of expecta-
tions to further reduce the inflation peak (by about 1% on a yearly basis compared to the
benchmark peak), while avoiding any quarter of negative output gap. However, under
this alternative scenario, expectations are also more sluggish on the way down back to
the target and remain above the steady state at the end of the sample. Welfare compar-
isons in Panel D of Table 3 confirm this discussion: adjusting the strength of the reaction
makes little differences in terms of welfare and the key welfare-improving policy is an
earlier policy adjustment (i.e. a lower p; than in the benchmark scenario).

4.5 To cutor not to cut?

In September 2024, the Fed changed its instrument for the first time since the last in-
crease in 2023Q3 and decreased it by 25bps — although the proxy funds rate that we
use did go down by about 50 basis points in the last quarter of 2023, which is our last
data point. In this section, we look into the consequences on inflation expectations and
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Figure 15: Aggregate dynamics under counter-factual early interest rate cuts

macroeconomic variables of earlier interest rate cuts. We consider illustrative counter-
factual scenarios of a 100 basis point cut in any quarter since 2022Q3.

The results are reported in Fig. 15 where we clearly see that the earlier the cut, the
larger the ensuing re-bounce in inflation expectations and, hence, inflation and output
gap beyond their targeted levels. The scenario of a cut as early as 2022Q3 is most telling
of the risk of inflation scare when the stance of monetary policy is too loose (blue dashed
line). In this scenario, inflation expectations resume their increase by about 1% further
up (on an annual basis) right after the cut, and annual inflation remains on average 2%
higher than the historical scenario. Interestingly, no matter the timing of the cut, neither
inflation nor inflation expectations would have converged back to the target by the end
of 2023 had the Fed cut rates earlier. In any of the earlier cut scenarios we have simu-
lated, inflation would have invariably landed close to 2% above target by the end of 2023
instead. Panel E of Table 3 confirms that no early cut scenario is welfare-improving with
respect to the historical course of action.

5 Conclusion

The recent surge in inflation has been resolved without major output losses. What is the
origin of this soft landing? Previous historical episodes, such as the Volcker disinflation
in the 1980s, could have suggested otherwise, although both the nature of the shocks and
the institutional frameworks substantially differ from the ones prevailing in the 1970s-
1980s. In other words, to what extent was the soft landing a matter of policy, i.e. a timely
adjustment of the Fed’s instrument that kept inflation expectations anchored in the face
of inflation build-ups?

To investigate this question, we develop a macroeconomic framework with informa-
tion frictions that result in subjective and heterogeneous beliefs about the low-frequency
component of inflation. The rest of the model is otherwise standard and estimated with
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Bayesian methods. Our model opens the door to the possibility of inflation scares which
may arise whenever inflationary shocks validate above-target beliefs so that they diffuse
in the population of heterogeneous expectations. As a result, in our framework, the dis-
persion of expectations per se is costly, these expectations may not always mean-revert
to the target as shocks dissipate, and can instead become unanchored. We identify the
contributions of price, demand, policy, and expectation shocks to the recent economic
dynamics.

Counter-factual policy simulations indicate that monetary policy was instrumental
in limiting to a large extent the unanchoring of expectations, although an inflation scare
arose. The timing, rather than the strength of the reaction to inflation, was the key to
limit the depth of this inflation scare. Delaying further the tightening cycle would have
resulted in a higher inflation peak, and a delay of about three quarters at least would
have resulted in a sizable unanchoring of inflation expectations. Nevertheless, we find
that the Fed did fall behind the curve in 2021, since a preemptive tightening could have
resulted in inflation peaking nearly 3% below the experienced level at a negligible cost
for output. A preemptive tightening could have exploited the sluggishness in expecta-
tions due to information frictions, which could have kept expectations lower for longer
and softened the stabilization trade-off when responding to the series of adverse supply
shocks in 2022.

Beyond this policy insight, we offer a flexible yet rigorous macroeconomic framework
with heterogeneous expectations that can be estimated using the state-of-the-art empir-
ical methods. This framework can be applied to a variety of contexts where time-varying
heterogeneity and subjective beliefs may play a role in shaping aggregate dynamics. In
particular, our framework can straight-forwardly be extended to larger-scale models, for
instance to include labor market dynamics, thanks to our related toolbox. This endeavor
is left for future research.
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A Model estimation and validation

A.1 Methodology

The model is estimated using Bayesian techniques (see An & Schorfheide 2007 for an
overview). The posterior distribution associated with the vector of observable variables
is computed numerically using a Markov chain Monte Carlo sampling approach. How-
ever, taking non-linear models to the data is a challenge because non-linear filters, which
are required to form the likelihood function, are computationally expensive. An inver-
sion filter has emerged as a computationally cheap alternative (see, e.g., Guerrieri & Ia-
coviello 2017). Pioneered by Fair & Taylor (1983), this filter recursively extracts the se-
quence of innovations by inverting the observation equation for a given set of initial
conditions. Unlike other commonly used filters (such as the Kalman or particle filters),
the inversion filter relies on an analytic characterization of the likelihood function.??
Therefore, we first need to rewrite the non-linear model for the purpose of the estima-
tion.

To perform the inversion, it is computationally convenient to separate the linear part
of the model that is solved using standard methods from the non-linear part that de-
pends on the SL algorithm. Therefore, the inversion is performed based on the following
linear recursive solution of the HENK model:

Z:= A®)Z,_1 + B(®)Q, A.1)

with Z; = (z; @)’ the vector of stacked endogenous variables which includes the devia-
tion of aggregate expectations from RE and Q; = (¢; A1)’ the vector of structural shocks
augmented by the common expectational shock, while A(®) and B(®) are matrices that
depend on set of structural parameters 0. It is easy to see that the recursive form (A.1) is
equivalent to the presentation in Section 2:

P(@®) R(©)
01x3 1

Q®) R(O)S(-)
01x3 S() ’

where matrices P, Q and R are solved with standard techniques embedded in our Dynare
toolbox and depend on the structural parameters gathered in the set ©. S(-) summarizes
the aggregate outcome of the SL learning process detailed in Section 2.3 that depends on
the aggregate news shock 1, contained in the shock matrix Q;. The idiosyncratic news
shocks, the fitness evaluation and the tournament are implicit in S(-).

AB®) = ,B(O) =

Next, consider a sample Y; of size T, the inversion filter maps a subset of endogenous
variables to the set of observable, Y; = wZ;, where w is a selection matrix of the subset.
By replacing Eq. (A.1), one can determine the set of shocks as follows:

Q= (wB©) (Y, - 0A©)Z;_1) (A.2)

The Bayesian method seeks to characterize the likelihood function of the model con-
ditional on the matrix of observations through time T, denoted by £ = [(6|Y;.7), where
0 corresponds to a subset of estimated parameters 6 c ©, while non-estimated param-
eters are calibrated. We incorporate prior information about the structural parameters
6 by specifying a prior distribution f (6). The posterior distribution of f (0]y1.r) is then
determined by Bayes theorem: f (0|Y1.7) = f (Y1.710) f 0)/ [ f (Y1.710) f () d6. Finally,
we use the Metropolis-Hastings algorithm as a sampler to draw from the parameter un-
certainty. We obtain a random draw of 800,000 from the posterior distribution of the

23For a presentation of alternative filters to calculate the likelihood function, see Fernandez-Villaverde et al.
(2016). See also Cuba-Borda et al. (2019) for details on the relative gains of the inversion filter.
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parameters. In detail, we use eight parallel chains drawing 100,000 iterations, with a
common jump scale parameter to match an acceptance rate of approximately 30%.

This next section discusses the dynamic properties of the model.

A.2 Model evaluation

We present impulse response functions (IRFs) of several variables of interest to the shocks
considered in the model. This analysis is useful in assessing how shocks to economic
variables propagate in the HENK model and checking that the model adequately cap-
tures the statistical properties of the macroeconomic data. Figure A.1 displays response
of the economy to a 1% increase in each of the four shocks: demand, cost-push, mone-
tary policy, and news shocks. We immediately remark that the IRFs are overall consistent
with the business cycle theory.

For instance, the effect of the monetary policy shock in the first column of Fig. A.1
illustrates the standard policy transmission in the model: a higher nominal rate triggers
intertemporal substitution where the households trade less consumption now for higher
returns on their saving, which compresses aggregate demand and generates a drop in
marginal costs and inflation. Upon observing the shock, agents revise their inflation
expectations downwards because their forecasts are model-consistent. When lower in-
flation rates materialize, the selection process during social interactions further favors
more pessimistic inflation expectations over the pre-shock ones, which contributes to
the sluggishness of expectations. Because of the self-referential nature of inflation in the
NKPC, this temporary unanchoring of short-run inflation expectations contributes to
the prolongation of the effect of the shock?* but eventually, all variables converge back
to their steady state.

Similar effects on aggregate inflation expectations arise in the IRFs to the demand
and supply shocks in the second and third column of Fig. A.1. The estimated ARMA(1,1)
supply shocks being less autocorrelated than the demand shocks, their effect on infla-
tion expectations is weaker than the effect of the demand or monetary policy shocks.

Looking at the expectation shock in the fourth column of Figure A.1, higher inflation
expectations trigger higher inflation through the NKPC relation. Thanks to the Taylor
rule, the CB reacts by tightening the policy rate, which pushes the real rate up and out-
put down. It is striking to see that despite the white-noise nature of the expectation
shock considered, it generates a persistent deviation of the endogenous variables from
the steady state. This is because higher inflation beliefs temporarily lead to smaller fore-
cast errors amid the temporary rise of inflation triggered by the shock, and therefore
tend to spread through social interactions, which shifts upward the distribution of sub-
jective beliefs. Eventually, the monetary policy tightening brings the economy back to
steady state and aggregate expectations on target. Thus, we observe the typical result
that learning amplifies the effects of shocks and adds persistence in the endogenous
variables.

Finally, we compare the HENK model with its RE counterpart.

A.3 Model comparison

Capturing salient features of the formation process of expectations remains a central
challenge and the vast majority of estimated macroeconomic models have remained
tied to FIRE. The structural inference utilized in this paper is able to determine from a

24This additional persistence is a well-documented feature in the learning literature in macroeconomics that
is referred to in the introduction for example.

35



1. MP shock 2. Demand shock 3. Supply shock 4. Expectation shock

-gap J

a. output

b. inflation 7,

c. nominal rate 7;

d. inflation expectation E; 7,y

Notes: Each column corresponds to the IRFs to a 1% increase in the four shocks i.e., from the left to the right,
demand, supply, monetary policy, and expectational shocks, or the four variables i.e., in row from the top to
the bottom, the output gap, inflation, the interest rate the aggregate inflation expectations (data are expressed
in p.p. on a quarterly basis and in deviation from their steady state). In this last row, the shaded areas represent
the distribution of the subjective beliefs, where the dark-shaded areas contain 50% of them in any period, and
the light-shaded area 90%.

Figure A.1: Impulse response functions of the model

statistical standpoint which of the two models, i.e. the RE or the HENK model, is most
likely to have generated the whole data sample. Because the RE model is nested into its
HENK counterpart, one can formally test the null hypothesis Hy : ¢; = 0, i.e. our struc-
tural model implies RE.?* Employing an uninformative prior distribution over models
(i.e., a 50% prior probability for each model), we find that the null hypothesis is rejected
(p < 0.0001) and our HENK specification is statistically more relevant than the RE for-
mulation to explain the whole sample.

25To perform this comparison exercise, the competing models have to be estimated using the same data sam-
ple. Because expectations are observable in the HENK model, we suppose that in the RE counterpart, expecta-
tions are subject to white-noise news shocks. For this reason, forecast errors under RE may be auto-correlated,
see Table A.1 below, because these news shocks propagate through the lagged endogenous variables.

36



To further compare the two models, one can derive the moment statistics to evaluate
which observable variables one model can better account for than the other. Table A.1
provides the empirical second moments of our four observable variables generated by
the RE and the HENK specifications and the 95% confidence interval in the sample.

Consider first the standard deviations generated by the two models in the first panel.
Both models are able to account for output gap and inflation volatility but fall (slightly)
outside the confidence interval for the interest rate and expectations volatility. In the
second panel, we can see that both models exhibit similarly good performances at cap-
turing the autocorrelations of output gap and interest rate, but only the HENK model
replicates the positive auto-correlation in inflation, inflation expectations and forecast
errors. This difference highlights a key property of the HENK model: the model of sub-
jective beliefs involves information frictions which create sluggishness in their updating
process when new macroeconomic realizations are released and aggregate and idiosyn-
cratic news shocks occur. This mechanism opens up the possibility of inflation expec-
tations durably drifting away from the target as a result of the steady-state learning. By
contrast, under RE, expectations are completely model-consistent and the (low) persis-
tence in their dynamics directly stems from the persistence implied by the estimated
exogenous shock processes. This low auto-correlation in expectations under RE system-
atically implies fast mean reversion in the wake of disturbances.

Finally, Figure A.2 compares the dynamics of the HENK model (solid black line) with
its RE counterpart (blue dashed line) over the period 2007Q1-2023Q4, and Fig. A.3 does
so over the entire sample. The RE model is not estimated but uses the posterior pa-
rameter values found in the HENK model together with its filtered shocks. Hence, the
RE simulation needs to be understood as a counterfactual scenario absent learning dy-
namics and news shocks. The difference between the RE and the HENK models isolates
the role of SL expectations in the model dynamics.

Per design, model-consistent inflation expectations under RE are strikingly better an-
chored (i.e., their deviations from the target are closer to zero) than in the HENK model
where they err below target during the entire 2010 decade. Our estimated framework
therefore accounts well for the below-target inflation of the 2010s thanks to persistently
below-target expectations. Under RE, higher inflation expectations imply higher infla-
tion, higher nominal rates, and lower output than in the HENK model. Furthermore, at
the onset of the COVID-19 pandemic, RE produce a deeper plunge and a quicker over-
shooting of expectations than observed in the HENK model where expectations are slug-
gish. The unanchoring of short-run expectations is delayed in the HENK model com-
pared to RE, but they remain elevated for a longer time, which produces higher inflation
towards the end of the sample.
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DATA [0.05;0.95] HENK MODEL RE MODEL

Standard deviations

Output gap [1.195;1.494] 1.234 1.269
Inflation rate [0.490;0.613] 0.598 0.605
Interest rate [0.660;0.826] 0.554 0.445
Inflation expectations [0.207;0.259] 0.391 0.365
Inflation forecast errors [0.4547;0.5685] 0.562 0.803
Autocorrelations

Output gap [0.640;0.826] 0.515 0.501
Inflation rate [0.239;0.579] 0.428 0.162
Interest rate [0.969;0.987] 0.892 0.835
Inflation expectations [0.839;0.927] 0.824 0.161
Inflation forecast errors [0.120;0.412] 0.122 -0.145

Notes: Model-implied moments are computed across 100 Monte Carlo iterations of the
same duration as the sample.

Table A.1: Empirical and model-implied moments
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Notes: See Fig. 5.

Figure A.2: Contractual exercises under FIRE and SL (2007Q1-2023Q4)
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Notes: See Fig. 5.

Figure A.3: Comparison of the model’s dynamics under SL and RE
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B Microfoundation of the HENK model

We develop here the microfundation of the three-equation HENK model. For that, the
time and the number of agents are discrete. Specifically, we assume that the economy
is populated by an infinitely-living family composed by a discrete number J of mem-
bers, indexed by j € [1,..., /. Each member operates an intermediary-good-sector firm
so thatindexes J indifferently refer to either firms or households, which we may then call
agents, and firms and households have the same discount factor. These agents are iden-
tical (in particular in terms of preferences and technology, etc.) except when it comes to
their inflation expectations that are heterogeneous. In what follows, [E;f,t is the generic
expression of the expectation in ¢ of agent j. This expectation can be rational, in which
case the star-superscript is dropped, or can follow social learning, in which case * = SL.

B.1 Households

Each agent j decides about their consumption, labor, and saving plans in order to max-
imize the household’s welfare:

1+¢ 1-o'
£ S B ucyn by = 23 E S L Lt (B.1)
i UCj t+1,Nj,t+7) = = i — | Cjt+1 — X .
]’tT:() J / ]j:I ]'tT:() 1-o' |/ 1+¢

Utility u(-) is increasing in consumption c; ; and decreasing in labor h; ; where o’
and ¢ are curvature parameters and S is the non-stochastic discount factor.

The non-separable utility function is based on the GHH utility function of Green-
wood et al. (1988).

Agents face an intertemporal problem: they determine the value of their consump-
tion ¢;,¢, hours worked h; ; and real bond holdings b; ; so as to maximize the welfare of
the family under the following budget constraint which binds in every period:

ir-1 b]'»f—l

Cj,t+bj,t= _

+wihj i+ T +2zj+1j 4, (B.2)
moexp(sger) T

where w; is the real wage (which is symmetric across all agents because they all have
the same marginal product of labor under constant returns to scale); i;—; the nominal
interest rate payable on nominal bond holdings; 7; the inflation rate between periods
t—1and t; 1 ; the share of agent j of the real profits from monopolistic competition
(see Section B.2); T ; lump-sum government transfers that may be positive or negative;
zj,t zero-sum intra-household transfers?® and g, an exogenous source of aggregate fluc-
tuations (referred to as the risk-premium shock in Smets & Wouters (2007)) and affected
by the elasticity parameter ¢ = ¢’ % which normalizes the shock with respect to the
formulation in the textbook three-equation NK model.

Agents choose their consumption and savings plans conditional on their inflation
and output-gap expectations. Hence, heterogeneity in expectations may entail hetero-
geneous consumption and wealth values, which poses a challenge for aggregation, in
particular when saving is used in the production of capital goods. In the textbook NK

26These transfers impose homogeneous end-of-period wealth across households through an intra-risk shar-
ing plan (see, e.g., Andrade et al. 2019). In each period, after making possibly heterogeneous consumption
choices due to possible heterogeneous inflation expectations, each member’s bonds holding is made identi-
cal via an agreement to distribute the number of bonds equally across the family. In detail, a transfer plan
zj+ = bj,r — B¢/] to each member j in each period ¢, where By = }_;c;bj,; is the aggregate bonds holdings,

equalizes post-transfer wealth. In equilibrium, the sum of transfers is zero Z§:1 zjt=0.
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model, labor is the only input in the production function, and under the usual hypoth-
esis of no restriction to the access to asset markets, the level of consumption is solely
determined by the Euler equation so that the idiosyncratic bond holdings do not affect
current consumption. Therefore, the usual permanent income hypothesis holds at the
agent-level. Note that the idiosyncratic saving stock measured by b; ; may be positive
if savings or negative if borrowing, and that the family member is not allowed to run a
Ponzi scheme, namely:
Br
lim [E (Aj,t,T—) =0 (B.3)
T—oo Pr

with Aj ;7 = /3% the stochastic discount factor of the household. The ag-
gregate demand for government bonds reads as follows: B; = 2521 bj;.
Each household j solves the following problem:

1+¢ 1-o’

h.
max Z JtZﬁ[ = Citvr—X jot+T

{C]zy jitr jt}]] 1 7=0 1+(p

It—147 bj,l‘—1+T
Trvr €Xp(Cg&r+r)

+.

Jot+T

+ Wt+1hj,t+‘r +Zj 141 +Hj,t+‘r —Cjt+1 — bj,t+r)]'

The first-order conditions are given by

1+¢p\ 0
I @ ) J,t
Wf/lj,t—)(hj,t Cjt— X1+(p ,
h1+(p -a’'
Al = L
ht A 1+¢
A
Jrt+1
exp 650) 1), = ipE] 22,
Log-linearizing each first-order condition yields
Wy = @h,q, (B.4)
and:
’jl1+<p -1
N _ / N -1 ~
Aje==0'{ ¢ —X—li(p (8610~ xR} P he), (B.5)
)AL;-,[ ngt+[E]t{/1] 1 JIH_I}, (B.6)

where variables with a hat denote deviations from their deterministic steady-state values
denoted by a bar. Eq. (B.4) shows that wages equal the marginal product of labor which
is the same across all agents j due to their non-separable preferences and the linear
production technology.
Moreover, at the deterministic steady state, all agents have the same information®’
and, therefore, consume the same amount of goods. It follows that: ¢; = ¢, hj = h, Vj.
Equalizing Egs. (B.5) and (B.6) yields:

. i 90 . 9 . T,
CCj,t—XhH(phj,t:—;(lt—[Ej,ﬂTtH)"'T,ggt"'[Et[(CCth—Xhl+(phj,t+1)]y (B.7)

ﬁlﬂp

Withﬁ:(_:]—Xm.

27At the deterministic steady-state, there is no news shocks, neither idiosyncratic nor aggregate, and all
agents hold homogeneous beliefs, i.e. @;" =0, Vj.
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B.2 Firms

To introduce a monopolistic-competition framework, the production process of goods
is divided between two types of firms: intermediate and final firms. Intermediate firms
produce different types of goods which are imperfect substitutes. We assume that each
member j owns an intermediate-sector firm j that produces an intermediate good y;
and generates the profit I1; ; (in Eq. (B.2)). Final firms produce a homogeneous good by
combining all intermediate goods {y;}, j=1,...,].

Final sector. The final-good producers are retailers. They buy the intermediate goods
and package them into the aggregate supply of goods which, in equilibrium, equals the
aggregate good demand from households, denoted by YtD . On a perfectly competitive
market, final producers take the price P of the goods as given and maximize profits as

follows: ;
PiYP = picyie (B.8)
j=1
subject to the supply constraint:
J el(e-1)
yP=(tey J’j,t(e_l)/e) : (B.9)
j=1

which is the counterpart of the well-known Dixit-Stiglitz index with a finite amount of
firms (the same holds for the price index (B.13) below). This supply constraint implies
that the final-good producers have a technology that aggregates non-perfectly substi-
tutable goods. This imperfect substitutability between all types of varieties j introduces
monopolistic competition in the intermediate good market. Each good j is an imperfect
substitute of degree € > 1, allowing intermediate firms to gain positive profits through a
gap between their selling and producing prices. The intensity of the monopolistic com-
petition is driven by €/ (e — 1), which is the markup over the marginal costs of intermedi-
ate firms.
The optimization problem of the final-good producers reads as follows

J J
D -1 1 Dy(€-D/e
maxP; Y, =Y pjyji+oc|] /GZyj,t(e )/E—(Yt ) )
{)’j,r} j=1 j=1

The associated first-order condition of the maximization problem is given by
Dy~ lle
Pi—pie-1D/e(Y;”)  =o0. (B.10)

Plugging B.9 into B.10 we can rewrite

—p]-,t+pt(e—1)/6]_1/€yj't(_1)/€:0. (B.11)
which can be rewritten as the standard CES downward-sloping demand function per
firm j:

O (m) av (m)
=] = - . (B.12)
TR TR
av YP . 28
where y;'" = —- is the average demand.

28The introduction of this variable comes from the discretization of the population of agents. In the textbook
version of the model, a continuum of firms between 0 and 1 is considered so that the average coincides with
the sum of the individual variables.
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The aggregate price index is given by

1/(1-¢)
(B.13)
Log-linearizing Eqs. (B.12) and (B.13) leads to the following expressions:
Vie=98"—e(pj=P), (B.14)
L1
Pi==3 pjr (B.15)
iz

Expressing Eq. (B.15) in growth rates provides the expression for the inflation rate:

—

= Z (B.16)

\.

Intermediate sector. Each firm j in the intermediate sector has a linear production
technology:

Yie=h{, (B.17)

where y; ; is their production and h; ; is their labor input. Intermediate-goods produc-
ers solve a two-stage problem. In the first stage, taken the labor price w; as given, firms
hire labor hd in a perfectly competitive labor market in order to minimize their costs
subject to the production constraint (B.17).

Stage 1: The first stage can be expressed as a profit-maximization problem:

max mcj,yj,t— wth?t+/1t[h7,t—yj,,], (B.18)
{J/] th } ’
where mcj ; denotes the real marginal cost of producing one additional good. The first-
order condition leads to the expression of the real marginal cost:

mcj = mcy = We. (B.19)

Because households exhibit the same labor productivity, all firms hire households at the
same wage rate w;. Once the firms have determined their marginal cost, the next step is
to determine their mark-up over this marginal cost mc; from the imperfect substitution
of the good varieties.

Stage 2: In the second-stage problem, the firms operate under a Rotemberg (1982)
price-setting mechanism. We define the Rotemberg price adjustment cost by:

/ . 2
®;= "r—(ﬂ—ﬁ) yav, (B.20)
Pjt-1

where ¢’ > 0 is the price stickiness parameter and 7 is the CB target.

The profit maximization becomes dynamic because of the adjustment costs over
prices that span over two periods. In a monopolistic-competition setting, firms face the
individual demand for goods given by Eq. (B.12). The problem faced by firms is then
given by??

Pjt+t
Prir

o0
maxE?, Y Aj g rer [(1—,47) Viier —ef" T me 1 Yer — O it | (B.21)
=0

i It

29The menu costs setup make it possible to bypass the infinite sum and any concerns regarding the use of
the law of iterated projection with boundedly rational expectations because the FOC involves only ¢ and ¢ + 1.
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where Aj;4r = BTA}, /A corresponds to the discount factor of agent j as previously
defined in Eq. (B.3); pj,; is the individual price set by firm j, P, is the aggregate price
which sets the problem of firms in real terms. Variable u; is an exogenous cost-push
shock that captures exogenous changes in the cost structure of the firms. Parameter ¢,
normalizes to one the parameter on this shock in the log-linearized form of the aggregate-
supply equation (see Eq. (B.44) below). Note that the tax rate on the added value, ¢},
is typically used in the NK literature to offset some market distortions and simplify the
analysis of optimal policy. In the present case, given the presence of heterogeneity with
respect to the benchmark textbook model, we assume that this tax is set by the govern-
ment so as to offset the effect of the relative price dispersion on profits, i.e. tj,; = pj#ff’.

Plugging in the demand function (B.12), the objective function of the firms becomes

BERS Pji+r 1 av Cullrsr Pji+r - av
maX[Ej,[ZAj,t,tH (1 =tjpee) | 55— Yirr —€ MCryr Virr =04t |-
7=0

{pj} Pyir Py
(B.22)
The first-order condition reads as:
(l_l/.t) (1_6) (&)l_eyal/_{_eCuutemct (@)_6 av _ E’ ( pj,t —f[)y‘w
o pj: \ Py ! pj: \ Py Pjt-1 \Pj,r-1 !
# Pj,t+1 Pjt+1
+[Ej,[A]‘,l',t+1 ]2 é'l( ;)]t —77:) y;l_:_)l =VU. (B.23)

Jit
Log-linearizing this expression, assuming symmetry among firms at the steady state
and using the definition of the tax rate, we can write

!/ !
. . . ¢ .
€-Dpji+€e-1D/e(cuus+mec,—€pj,) = AR~ ;nﬁ[E;’[nj'Hl, (B.24)

with mic=(e—1) /€.
Rearranging terms leads to the final inflation equation for each producer j:

L
ac’
Note that setting ¢, = &'7/ (€ — 1) normalizes the shock in the linear equation because

the marginal cost is the same across firms, 7¢; = 1, and across households, W; = (pfz it
(from the wage-setting equation (B.4)).

Rje= (€= 1) =5 g+ PES 7 ran + Uy, (B.25)

B.3 Authorities

Monetary policy. The monetary policy authority, namely the CB, sets the nominal
interest rate i as a function of the deviation of inflation from its target and of the output
gap. We use here a general formulation of the monetary policy that allows for history-
dependent inflation targets.

Precisely, the monetary policy rule reads as:

i (i-1)\P » (VP
zz(lr_l) y (@)‘P o X
1 1 T yD

where parameters {¢, ¢} are the two reaction coefficients to, respectively, inflation and
output gap, p the smoothing coefficient, v; a monetary policy shocks and 7 the CB’s
target.

The log-linearization of the monetary policy rule yields:

1-p
x exp(vy), (B.26)

by

i =pl1+ (1 p) (Pndts + Py i) + vr. (B.27)
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Government. The government implements the tax ¢j ; on the added-value of firms
and borrows B; from the households, while the expenditure side includes interest pay-
ments and lump-sum transfers (where it is assumed that all household members receive
the same amount). The budget constraint of the government is then:

J J
le,t_Vjt"'Bt: Zle”"-Bt—lil'—l/T[l" (B.28)
J=1 j=1

B.4 Equilibrium conditions

Intermediate sector. Assuming a symmetric equilibrium in the intermediate-good
market we can write

J J .\ —€
Pj,
2 V=), y?”( : t) , (B.29)

Linearizing and using the definition in Eq. (B.15) which rules out the effect of price dis-
persion on production, we obtain

J
Y 9=V, (B.30)

where J x j=YP.

Final goods sector. The resource constraint is given by:
D_< g 2
v =Y\t (=2 v, (B.31)
j=1

where the second term on the right-hand side corresponds to the price adjustment costs.
Log-linearizing Eq. (B.31) yields:

p 1{
YP==Y ¢4 (B.32)
] &5
withé=y=YP/J.

Labor market. Equilibrium in the labor market is reached when the aggregate labor
demand from firms satisfies:

J J
Y hj =Y Ry, (B.33)
j=1 j=1
or, after log-linearization:
YRS =Y hy, (B.34)
j=1 j=1

because firms and households share the same steady-state values for the hours worked.

B.5 Aggregation

Labor demand dispersion. In the presence of non-separable preferences, the labor
supply in Eq. (B.4) is the same across households:

.= h. (B.35)
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Combining Eqgs. (B.17) and (B.35) with the firm-specific demand for intermediate
inputs (B.14) at the symmetric equilibrium leads to the following expression

he, =98 —e(pji—Py) (B.36)

One can note that pricing strategies that are different from the average, i.e. p;; # b,
imply a dispersion in both labor demands and outputs across firms. This dispersion
in labor demand needs to be matched with the homogeneous labor supplies from the
households in Eq. (B.35). To do so, we use the following assumption:

Assumption B.1 To map potentially heterogeneous labor demands with homogeneous
labor supplies, households evenly split their working hours across all firms at no cost,
which translates into:

hd

j
=) — B.37
3 . ®.37

=1

Log-linearizing Eq. (B.37) gives

3‘)

d
fl], ;= Z L

=
which shows that Assumption B.1 ensures that the equilibrium in the labor market given
by Eq. (B.34) holds even in the presence of heterogeneous labor demands.

Aggregate demand. Consider the agent-level log-linearized Euler equation (B.7) and
aggregate across all household members as:

J oo - N J 9 . _ _ N d¢
Z [CjCj,t—)(hlﬂphjyt] = Z —; [lz—ﬂijtﬂj,ﬁl] +E; (Cjcj,t+1 _Xh1+(phj,t+l) + o' gt] ’
j=1 j=1

which may be rearranged into:

N T 2~ 19 ~ N T 7 * 19 N 19C
Cth—Xhl-tht = _;lt+[Et (CjCH.l —Xhl-thH.]) +[Et (;nt+l) + th,

where E; 1,41 = ]Z] 15 tn] t+1, with E* Hre1 = ESE 7Tz+1 andE; 7t = [E 7441, and out-
put gap expectations are assumed to be 1dentlcal across all agents and, in particular, ra-
tional (while taking into account the presence of subjective inflation expectations). The
learning shock ¢; under SL is implicit to the aggregate inflation expectations Ey ;1.

Equilibrium in labor market allows one to write f, = hd ¥, while equilibrium in
the intermediate-good market entails j; = y[ = ¢;. The previous condition reads as:

_ ) _ 9 ¢
= 1+@) & _ N - 1+ 5 * o
(¢—xh (p)y[———,lt-i-[E;((C—Xh ‘p)y[+1)+[Ejyt(—,nt+1)+—,gt,
Recall that at the steady state, the hours worked are normalized to one, thus ¢ — yh!*% =

1-yand 9 =1-y/1+¢. Recall also that ¢ = ¢’ % Hence, the aggregate Euler equation
in a compact form reads as:

<>

9 NN
(1-x) t=—;2t+[Et((1—7()j/H1)+[Et ;nt+1)+(l—)()gt. (B.38)
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Aggregate supply. From the micro-level NK Phillips curve (B.25), we may aggregate
over all firms j:

J J
Zﬁ' Z (e—-1)— _f’ ],f+,3[E]tn]t+1+ut
= A

which becomes:

£, = (e—1)ﬁ%ht+ﬁm;‘ﬁt+1 +u,. (B.39)

Note that we can replace aggregate labor with aggregate output as in the usual text-
book formulation, which results in:

=(€-1 '_f’yt + BE; A p1 + Uy (B.40)

The monetary policy rule (B.27) closes the model.

B.6 Convergence between separable and non-separable utilities

In this section, we show which restrictions on the parameters of the non-separable utility
function allow the model to correspond to the one derived from separable preferences
and reconcile the form of our three-equation NK model with heterogeneous expecta-
tions with the usual textbook formulation of NK models under RE (see, e.g., Gali 2015,
Chap. 3).

Marginal utility of consumption. Let A, and A/ denote respectively the marginal
utility of consumption under separable and non-separable preferences respectively. These
are given by:

A A 1-y
Ay=-0é; and A, = —0’(—)6

! ! ! 1—x/(1+¢) !
Imposing A; = )L’ results in the condition on ¢’ under which both models exhibit the
same marginal ut111t1es of consumption:

1-yx/(1
g lx(i+e)

B.41
-y (B.41)
We may substitute ¢’ by o into (B.38) as follows:
. . | PN
yt:[Ez{J/Hl}—EEt{lz—”tH}‘ng- (B.42)

Slope of the New Keynesian Phillips Curve. Nonseparability in utility also affects
the real-wage setting, and thus the marginal cost and the slope of the NK Phillips curve:

(0+¢)

e O TYP) PN
Kk=(€-1) P and x' = (e l)ﬁ.{"

By imposing x =/, we derive ¢’

g=—2 ¢ (B.43)

(o+9)
Under this second condition, the aggregate supply curve may be rewritten as follows:

ﬁt:Ky[+ﬁ[E;kﬁ[+1 + Uy (B.44)

withx =(e—1) (ﬁ(p) .

These parameter values are only used in the micro-founded welfare analysis (see Sec-
tion B.7 hereafter), where we assume € = 6 and ¢ = 2, which is in the realm of the litera-
ture.
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B.7 Approximating the welfare

In this section, we discuss the approximation of the welfare criterion to measure the
cumulative utility loss or gains across scenarios.

B.8 Derivations

Microfounded measure The welfare function is the discounted sum of the average
utility across family members:

1< .
Wy == Y Uj i+ BE#s1, (B.45)
j=1

where the individual utility function of each household member j reads as:

1+¢ 1-07/
1 it

— C- p—
o |t X1+(p

Uj,=
=z

or plugging for hours worked and ressource constraints we have

1 N— 1-o7
=L Cj’t_x(%z;l(q,ﬁ%(nj,t—:-;)jfv)ez;ﬂ(%) )

with
Py =mP; 1,
Pjt=TjtPjt-1-
Recalling that agents hold homogeneous (rational) expectations regarding future out-

put and individual consumption levels so that E; ;(¢ ;+1) = E¢(J¢+1), VJ, £, we can use the
microfoundations to write the agent-level inflation and consumption levels:

1

R N - SL

Cjt =k, (ym) 5 (lt - [EN?THI) + 8t
A ESL4
Rje=xPr+p G+l + Uz

By definition, we have:

Cjt=Cj+Cj*xXCjy,
YW RYIJ+YI] X Py,
Tt :ﬁ‘}'ﬁxﬁ'[,

Tjt =T+ T X ﬁ'j,[.

Because we focus on counterfactual scenarios happening at the very end of our sam-
ple (i.e. over the last 12 quarters), it is impossible and inadvisable to compute an un-
conditional welfare measure because it would require to extract asymptotic simulated
moments under different policy regimes and insert them into a second-order approxi-
mation of Equation (B.45); see Arifovic et al. (2024) for such an approach. We thus use
the average cumulative sum of the utility conditional on the path of aggregate and id-
iosyncratic variables between two periods [f; : £2] as

[2)

1J
Un,ty= ) (7 > Uj,h)- (B.46)
I’l:tl j:1
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This indicator takes into account the cost implied by prices and consumption dispersion
as a result of the heterogeneity in inflation expectations and quantifies the preference
between inflation and output stabilization. To avoid history-dependent effects and fo-
cus on the sub-sample (7, 2], we normalize all prices at P, = pj , =1V j € J. Moreover,
it is important to note that if the model were to be run under REE, there would not be
prices and consumption dispersion. Therefore, the REE case is always welfare improving
with respect to the SL model (Arifovic et al. 2024).
We also consider a more standard ad-hoc loss function such as

[7)

[2)
Lun=—1n Y, 100x 72—y, Y (100 x 3;,)%,
hztl hztl

with y; =1 and y, = 0.25 in line with policy institution practices and the literature such
as Kiley & Roberts (2017). This function disregards the micro-foundations and, hence,
the effects of the dispersion of prices and consumption values under heterogeneous ex-
pectations but quantifies the trade-off between inflation and output stabilization.
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C Additional results

X 103

Benchmark

— = = No MP shocks only Taylor rule
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2020 2020.5 2021 2021.5 2022 20225 2023 2023.5

Notes: The solid black line depicts the monetary policy shocks, i.e. the deviation of the proxy funds rate from
the one prescribed by the estimated Taylor rule. The blue dashed line represents the counterfactual scenario
of Fig. 10 where the Taylor rule would have been strictly followed as of 2021Q1.

Figure C.1: Monetary policy shocks over 2019Q4-2023Q4
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o J J J
2020 2021 2022 2023

YoY inflation for Fig. 11

0Tt~k
=
o

3
k

(&)]

Ax(m-1)+>

0 J J J
2020 2021 2022 2023

YoY inflation for Fig. 13

0Tt~k
N
o

3
k=

AxF-1D4+ 3

0 J J J
2020 2021 2022 2023

YoY inflation for Fig. 15
107

0 ﬁ'tAk

3
k:

Ax(@m-1)+>

2021 2022 2023

ol
2020

0 frtAk

3
k

Ax (F-1D+Y

0 7?(1‘,41&'

3
k

Ax (F-1D+Y

0 7?(1‘,41&'

3
k

Ax (F-1D+Y

YoY inflation for Fig. 10

107

o J J J
2020 2021 2022 2023

YoY inflation for Fig. 12

=
o

)]

0 J J J
2020 2021 2022 2023

YoY inflation for Fig. 14

=
o

[&)]

0 } J J
2020 2021 2022 2023

Notes: Note that the dashed target line is inconsistent between those level charts and the deviation charts. In
the deviation charts the dashed target line is the 0 deviation from historical average. In those charts, this is 2%

Fed target.

Figure C.2: Year-over-year inflation rate in the counter-factual simulations
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Figure C.3: Historical decomposition of the inflation rate over the whole sample
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Figure C.4: Historical decomposition of one-quarter-ahead aggregate subjective inflation
expectation over the whole sample
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Figure C.5: Historical decomposition of the policy rate over the whole sample
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Figure C.6: Historical decomposition of the output gap
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Notes: See Fig. 5.

Figure C.7: Time-varying cross-sectional dispersion of inflation expectations over the full
sample
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Figure C.8: Response to a one standard deviation demand shock as a function of the hetero-
geneity in expectations
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Figure C.9: Response to a one standard deviation monetary policy shock as a function of the
heterogeneity in expectations
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Figure C.10: Response to a one standard deviation news shock as a function of the hetero-
geneity in expectations
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