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MONETARY POLICY, HETEROGENEOUS EXPECTATIONS,
AND THE RETURN OF HIGH INFLATION

FABIO MILANI

UNIVERSITY OF CALIFORNIA, IRVINE

ABSTRACT. This paper studies the transition to high inflation during the COVID-19 pan-
demic, using a behavioral version of the New Keynesian model, which replaces the conven-
tional assumption of Rational Expectations with subjective and heterogeneous expectations.

Different shares of agents in the economy form expectations based on alternative views
regarding future economic variables: 1) a share of agents forecasts that inflation and out-
put will rapidly revert to steady state; 2) another share forms forecasts based on a model
resembling the MSV solution under rational expectations; 3) a third share of agents uses an
under-specified model that captures trend-following, adaptive, or extrapolative behavior.

Agents learn over time the parameters of their perceived model and they can also shift
across different views based on past forecasting performance.

The macroeconomic model is estimated using Bayesian methods to fit realized macroe-
conomic variables and data on expectations from surveys.

The results document an additional channel that operates through switches in agents’
perceptions and amplifies the impact of the original inflationary shocks. In response to
rising inflation after COVID, agents begin shifting from the mean reversion model to the
trend-following specification (with a belief about perceived inflation persistence that is si-
multaneously revised upward). Consequently, the impact of inflationary shocks is magnified

and the effects of monetary policy attenuated.
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1. INTRODUCTION

After peaking in the 1970s, the inflation rate in the U.S. remained low and stable for
about four decades. As a result, monetary policy enjoyed unprecedented credibility and
managed to maintain expectations firmly anchored. The most notable challenges during this
period were, in fact, related to the possibility of inflation remaining too long below, rather
than above, target, prompting central banks to implement expansionary policies to sustain
inflation expectations. Conditions changed, however, in the aftermath of the COVID-19
pandemic, leading to the somewhat unexpected return of high inflation in 2021-2022, which
reached levels last seen in 1981.

Different factors have been suggested to explain the rise in inflation. Fundamentally,
price increases originated from a relatively rapid economic recovery after the pandemic-
driven recession, combined with bottlenecks in established supply chains.! Under these
conditions, the strong demand pressure couldn’t be met by a corresponding expansion in
supply. Moreover, as Reis (2022) notes, inflation also resulted from more subtle factors,
such as real-time misperceptions of shocks, initially perceived as more temporary than they
proved to be, leading to overly expansionary monetary and fiscal policy stances. Past policy
successes also led to an overreliance on the power of central banks’ credibility and a disregard
for possible spillovers of inflationary shocks to inflation expectations, which were believed
unlikely to become unmoored.

The main objective of this paper is to investigate the post-pandemic rise and fall of in-
flation within the context of a longer historical sample and through the lens of a New
Keynesian model with shifting behavioral and heterogeneous expectations. Compared to
existing research, the paper puts expectations at the forefront of the analysis to understand
the behavior of inflation during the COVID years. The hypothesis is that the initial shocks
gradually led to the partial unanchoring of expectations, which, in turn, exacerbated the
increase in realized inflation and potentially hindered the effectiveness of monetary policy.

The paper revisits the history of inflation, business cycles, and monetary policy, as well as
the corresponding expectations, in the period from the mid-1960s until 2024. The economic
framework used is an otherwise standard New Keynesian model, as it remains a leading tool
!Giannone and Primiceri (2024) find that inflation was mainly driven by an unexpectedly strong rebound in
demand after the pandemic, with similar experiences in the U.S. and in the Euro Area. Several papers (e.g.,

Comin et al., 2024, Ball et al., 2022, Santacreu and LaBelle, 2022, Bai et al., 2024, Blanchard and Bernanke,
2023) instead highlight the central role of supply chain disruptions.
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to understand the interplay between macroeconomic variables and monetary policy decisions.
The benchmark framework, however, typically imposes two strong assumptions: the first is
that agents form model-consistent rational expectations. In their decisions, they derive
mathematical expectations that are conditioned on a model of the economy that happens to
be the correct one; at the same time, they know the values of preference, technology, and
policy parameters, as well as the distributions of the shocks. The second is that all agents
have homogeneous expectations: there is no scope for disagreement or for reevaluating one’s
views in such an economic environment.

This paper departs from these two conventional assumptions by including behavioral ele-
ments in the formation of expectations and by incorporating heterogeneous views about the
direction of the economy. This extension aims to better capture the real-time interactions
among exogenous shocks, policy reactions, and the potential anchoring or unanchoring of
expectations. The conventional assumption of full information, homogeneous, rational ex-
pectations, in fact, is less suited to study agents’ behavior during unprecedented times, such
as the COVID pandemic: it would imply that agents maintain full understanding about
the workings of the economy, that they have full knowledge about exogenous shocks and
their effects, about the effects of counteracting policies, and that they all share the same
prediction model with no role for disagreement. On the other hand, adaptive learning and
heterogeneous expectations provide natural frameworks to account for shifts in beliefs in
response to new information and for divergences in opinion.

Here, different shares of agents in the economy are allowed to form expectations based on
alternative perceptions regarding future economic variables. First, a share of agents form
forecasts based on the perception that inflation, output, and interest rates, will rapidly revert
to their long-run values. They believe that the economy reaches steady state rather quickly,
and they are trying to learn about such steady-state levels. A second share of agents forms
forecasts based on a perceived model that resembles the Minimum State Variable (MSV)
solution under rational expectations, which therefore includes all the relevant state variables
that matter for economic dynamics (their model is thus correctly specified). This group
forms expectations that present the smallest deviation from rational expectations, but they
can still remain arbitrarily far from the Rational Expectations Equilibrium; unlike under

RE, they do not have full knowledge of the model’s parameters and, therefore, they need
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to learn the relevant coefficients over time. A third share of agents, finally, use an under-
specified model, which captures trend-following, adaptive or extrapolative, behavior. These
agents are backward-looking: they observe rising inflation, for example, and they lean on
past inflation rates to infer how persistent above-target fluctuations can be expected to be.

Under each view of the world, agents are allowed to learn over time the parameters of
their perceived model. In the mean reversion view, they learn about long-run values, or
steady states. In the trend-following case, they learn about both intercepts and persistence
(autoregressive coefficients). And in the correctly-specified MSV model, they learn about
the full set of reduced-form coefficients that would enter the model solution under rational
expectations, including the sensitivity of endogenous variables to disturbances (observed by
agents in this latter case as they would be under RE).

Households and firms are not forced to maintain the same beliefs indefinitely. They can
shift among different views, depending on the past forecasting performance of the different
perceived models. Learning about different models of the economy is implemented using sets
of forecast encompassing regressions, and allowing agents to revise the weights of the three
different models based on past data. Learning both within and between models is modeled
according to a constant-gain learning approach.

The macroeconomic model is estimated using Bayesian methods to fit realized macroeco-
nomic variables, but also to fit data on expectations about output, inflation, and interest
rates, which are also treated as observables.

The results show that models used to form expectations indeed switch during the pan-
demic. The share of agents with forecasting models consistent with rapid mean-reversion
falls to its lowest historical level. This model is replaced by a much larger share of agents
who adopt a trend-following approach. Agents also update their beliefs, learning that the
persistence of inflation is much higher than perceived only a few quarters before. As a result
of these expectation shifts, aggregate inflation expectations become much more reactive to
inflationary shocks. The anchoring of expectations becomes shakier, leading to a reduced
effectiveness of monetary policy efforts.

It should be noticed that these shifts do not materialize immediately at the onset of the
pandemic. In the first quarters, with COVID positivity and death rates at their highest,
inflation initially falls below target and then slowly rises. Inflation expectations, however,

remain fairly stable. Starting in 2021, the observed inflation rate rises more significantly
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and the increases become persistent. At that point, expectations become less anchored:
they rise, slowly at first, then more rapidly, and they continue to rise when inflation has
already reversed direction. It’s around that point that agents had turned away from their
mean reversion views and started to adopt trend-following expectations, characterized by
a consistent update in the perceived inflation persistence. In addition to changes in first
moments, the dispersion of both inflation expectations and monetary policy expectations
increases in late 2022 and 2023.

Related Literature. An extensive literature has analyzed the evolution of inflation
over the post-war period (King and Watson, 1994, Cogley and Sargent, 2001, Lubik and
Schorfheide, 2003, Sargent el al., 2006, among many others). This paper contributes to
this line of work, by singling out the role that deviations from full-information rational
expectations, behavioral elements, and shifts in perceived models of expectation formation
play. In this respect, the paper is an example of macroeconomics without the Rational
Expectations Hypothesis, to use the terminology in Woodford (2013).

The emphasis on expectation heterogeneity follows works by Branch and McGough (2009,
2018), who derive an Heterogeneous Expectations New Keynesian (HENK) model. In
their case, they allow for two types of expectations: conventional rational expectations or
backward-looking adaptive expectations. My choice here is different: all agents can form
subjective expectations, but from different learning models, corresponding to different fore-
casting views. Beqiraj et al. (2019), Massaro (2013), Elias (2020), and Ilabaca and Milani
(2021) provide different examples of estimated HENK models.”

The paper, more generally, adds to the literature on adaptive learning in macroeconomics
and, more specifically, to the use of learning to understand the history of inflation. Sar-
gent (1999), Primiceri (2006), and Orphanides and Williams (2005) show how central bank
learning helps explain policy mistakes that led to high inflation in the 1970s. Evans and
Honkapohja (1999, 2009) provide comprehensive reviews of the adaptive learning approach
to expectation formation. While most papers introduce learning in a representative agent,
homogeneous expectations, context, this work extends the approach to allow for heterogene-

ity in expectations.

2The importance of heterogeneous expectations is supported also by evidence from laboratory experiments,
see Hommes (2011). Expectations motivated by the experimental evidence are investigated in Cole and
Milani (2019) and are shown to outperform rational expectations.
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A recent paper by Géti (2023) uses a learning model with an endogenous gain to model
the anchoring and unanchoring of expectations, and to study the optimal monetary policy
response. With respect to Gati, the unanchoring in this paper is similarly endogenous, but
it is due to perceived model shifts rather than to shifts in the gain.® A closer approach is
used in Fischer (2022): the paper derives an endogenous measure of expectations anchoring
in an estimated New Keynesian model with forecast switching, with the aim of studying
the appropriate monetary policy response. The shifts are modeled following the approach
by Brock and Hommes (1997). My paper uses a different approach to model heterogeneous
expectations, one that treats learning within and between models symmetrically, and it
focuses on the behavior of inflation post-2020.

The paper has also points of contact with works that study the endogenous transition
between different inflation equilibria, for example, between target-inflation and deflationary
equilibria. Hecker and Wolters (2024) estimate a nonlinear model that allows such switches.
Expectations in their paper become a weighted average of the corresponding expectations
under the two regimes, with weights based on the recent forecasting performance. In this
way, changes in the relative model shares can capture the unanchoring of expectations.

Finally, a number of papers have started to discuss and test hypotheses about the surge of
inflation after COVID. Reis (2022) discusses factors that led policymakers to initially down-
play the relevance of inflationary pressures. Various studies evaluate the relative importance
of demand versus supply shocks in the run-up of inflation (e.g., Giannone and Primiceri,
2024, Bai et al., 2024, di Giovanni et al., 2023). Harding et al. (2023) resort to a nonlinear
Phillips curve that steepens when inflationary pressures emerge. Ball et al. (2022) examine
the role of tightening labor markets and energy prices. The current paper provides some ad-
ditional evidence concerning this period, identifying the contribution of expectational shifts,
but with an analysis that inserts the post-COVID episode in the context of a longer sample.
Schmitt-Grohe’ and Uribe (2022) use an even longer sample (1900-2021) to estimate changes
in the permanent component of inflation between 2019 and 2021.

The paper is organized as follows. Section 2 presents the New Keynesian model with the

addition of behavioral elements. Section 3 discusses the data and the Bayesian estimation

30ptimal monetary policy in response to endogenous unanchoring of expectations is also analyzed in Eusepi
et al. (2021) and Carvalho et al. (2023).
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of the model. Section 4 illustrates the empirical results from the structural estimation; the

robustness of the results is examined in Section 5. Finally, Section 6 reports the conclusions.

2. NEw KEYNESIAN MODEL WITH HETEROGENEOUS BEHAVIORAL EXPECTATIONS

[ assume that the economy can be summarized by a prototypical New Keynesian model, as
in Woodford (2003). The main novelty lies in the formation of expectations. First, in contrast
to the benchmark New Keynesian specification, which assumes homogeneous expectations for
all agents in the economy, I allow here for heterogeneous expectations. Economic agents may
form expectations from different perceived models of the economy. Moreover, the framework
does not impose the assumption of rational expectations on the agents. Households and
firms have their own views about the economy, which may be correctly specified or not, but
they are also allowed to learn about the economy in response to historical data, and to revise
their beliefs.

The loglinearized equations that describe the economy in the New Keynesian model are

as follows
v = B —o0 (it — By — 7}”) (1)
M = BEm + Ky +u (2)
iv = pie1+ (1= p) [XaTe + xy¥e] + &, (3)
o= perig vy, (4)
U = putl— + v}, (5)

where y, denotes output, m; denotes inflation, 7, denotes the nominal interest rate, and ry,
u; denote the natural rate and the cost-push disturbances. Equation (1) denotes a log-
linearized Euler equation, which arises from households’ optimal consumption and saving
decisions. Current output is a function of expected output and of the ex-ante real interest
rate (the nominal rate minus expected one-period-ahead inflation) in deviation from the
time-varying exogenous natural rate. Equation (2) represents the New Keynesian Phillips
curve. Inflation fluctuations are driven by fluctuations in expected inflation, real activity,
and markup, or cost-push, shocks. Finally, monetary policy is characterized by a Taylor
rule, expressed by equation (3). The central bank revises its policy rate, given by a short-

term nominal interest rate, in response to changes in inflation and output. Disturbances
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ri and u; evolve as AR(1), whereas monetary policy innovations ¢; are assumed to be i.i.d.
The parameter k is a composite parameter, which depends inversely on the degree of price
stickiness in the economy, measured by the Calvo probability a: k = (l_a)((l;aﬂ)(@/z +o7h).
The parameter ¢ denotes the intertemporal elasticity of substitution, v the inverse Frisch
elasticity of labor supply, and § the household’s discount factor. The Taylor rule coefficients
p; X=, and X, denote the degree of interest-rate smoothing, and the reaction coefficients to
inflation and output.

Expectations in the model are denoted by E,. They can differ from the mathematical
expectation operator F;, conditional on the correct model of the economy, which is commonly
assumed under rational expectations. Expectations are heterogeneous and are a weighted

average of expectations based on three different perceived models:

Yt+1 Yt+1 Yt+1 Yt+1
o __S8s ASS -~ar Aar NMSV Amsv
Et Tl | = Wy Et Ta1 + Wy Et Ta1 + Wy Et T4+1
141 g1 g1 141

The three perceived models are meant to represent three main views about the direction of
the economy, or alternative attitudes in forecasting.
The first model captures the behavior of forecasters who believe that the economy will

quickly converge back to steady state. The Perceived Law of Motion (PLM) is given by

Y

m| =@ + €

i
where @}*® is a 3x1 vector of perceived intercepts. When they form expectations, these agents
believe that output, inflation, and interest rates will return to their long-run, steady-state
levels, by the following period. But such steady states are not full knowledge in the economy.
Therefore, the agents still learn about steady-state levels, and may revise their perceptions
over time, for example, by revising up their views about the long-run trend growth rate,
long-run inflation and interest rates, based on historical data.

The second perceived model aims to capture the behavior of agents that display more

backward-looking, trend-following, behavior in the formation of their forecasts. Their PLM
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is as follows:

Yt Yt—1
Ty | = a‘tw + b?r M1 | + €&
(5 -1

where @}" is again a vector of perceived intercepts and b is a matrix of AR coefficients

byyt 0O 0
as follows: /b\fr = 0  bgrt O |. Their model allows for an intercept and a lagged
0 0 b

dependent variable, and it resembles AR(1) regressions. Therefore, they learn both about
long-run values and persistence of economic variables.* The perceived persistence of different
variables can change over time: when the b.; coefficients are below one, their expectations
are usually described as adaptive; if they rise above one, they are labeled as extrapolative
and may be particularly destabilizing for the economy.

For the third PLM, agents use the MSV solution of the model under RE:

Yt Yt—1 o
~msv Tmsv ~Mmsv t
| = a"”" + by 1| + ¢ +e
. . Uy
1 -1

Therefore, beliefs under the third PLM are closer to those in the rational expectations case:
agents use a correctly-specified model, i.e., a model that includes all the correct state variables
in the MSV solution. The main deviation from rational expectations is that agents do not
know all the parameters in the model, and, therefore, they need to learn about the reduced-
form coefficients of the economy over time, as typical in models with adaptive learning. They
learn about intercepts a;**”, dynamic coefficients in 3?5”, and they learn via their estimates

-“msv

¢ about the effects of disturbances r}" and wu;, since those also enter the MSV solution.

In all cases, agents learn about their relevant coefficients ay, by, ¢;, collected into a matrix

(Et, for their PLM according to a constant-gain algorithm:
Or = Pr1 +§th_1Xt(Zt - $tL1Xt)’,
R, = R4 +§j(XtXt/ — Ry 1),

4The intercept captures agents’ beliefs about the long-run, or steady-state, value of the variable. The AR
coefficient captures their beliefs about the variable’s inertia in returning to steady state.
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where ¢; = [al, bl ), Zy = [y, o, iy, 77 wg), and j = ss, ar, msv. The first expression gov-
erns learning about coefficients: agents’ beliefs are revised in the direction of the most recent
forecast errors, with a sensitivity that depends on the size of the constant gain coefficient g;.
The second expression characterizes the updating of the associated precision matrix R;, the
inverse of the regressors’ variance-covariance matrix. The constant gains are allowed to differ
across models: agents who use a model with only an intercept as regressor, may, in principle,
update their beliefs at different speed compared with agents who learn the coefficients in a
fully-specified model with multiple regressors.

In addition to learning about coefficients within their chosen models, agents may also
switch forecasting strategies over time. They don’t have to remain attached to the same views
forever. Agents can choose to put more weight on a different model if its past forecasting
performance improves compared with the alternatives. To describe shifts among models, 1

assume that agents adopt the following forecast encompassing regression
Zy = WP E Zy + Wi EF 2y + WU EPY 2, +

Agents revise the weights of different forecasting models based on constant gain updating

equations, as before:
Wy = W1 + ng;iXt(Zt -, X)),
Ryt =Ry1-1+ 8. (XX, — Ry,1-1),

The constant gain coefficient related to model learning g, can be different from the ones
used to learn coefficients within specific models.

An alternative way to introduce model switching would be to follow the predictor switching
approach theorized by Brock and Hommes (1997). The main advantage of the encompassing

approach is its simplicity, as well as the symmetry between learning within and across models.

3. ESTIMATION

3.1. Observations. The model is estimated to match both realized macroeconomic vari-

ables and the corresponding, observed, expectations.’

5The advantages of using observed data on expectations in the estimation of DSGE models is discussed in
Milani (2023).
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The observation equations relate the endogenous and expectational variables in the model

to observed series as follows:

[ Real Time Real Output Growth; | [ 5] oy -y | [0 ]
Real Time Inflation, " e 0
Federal Funds Rate, _ T +r* L 1 N 0

Expected Real Output Growth;, ) Ey [Yi1 — v me,ﬁE Y
Expected Inflation, * By meE™
| Expected Federal Funds Rate | T 4 ¥ ] i Elig | | mef’ |

The parameter  denotes the long-term trend in real GDP growth; 7* and r* denote the
steady-state levels of inflation and real interest rates. Those are simply fixed at their sample
means. | assume the same long-run values for realized variables and expectations. This
isn’t restrictive, since agents are still allowed to over- or underestimate steady-state values
through the a; intercepts in their learning models.°

Data on expectations are obtained from the Survey of Professional Forecasters, maintained
by the Federal Reserve Bank of Philadelphia. I use data on one-period-ahead expectations
about Real GDP growth and GDP Price Deflator inflation. The Philadelphia Fed’s web-
site publishes, in correspondence of each expectation series, the real-time vintage for the
macroeconomic variable that is being forecast. I choose the first-vintage for real-time data
on GDP growth and inflation, considered as realized variables in the estimation. As a mea-
sure of monetary policy, I follow the literature in using the Federal Funds rate. I exploit the
expectations theory, to derive a measure of expected policy rates for the one-quarter-ahead
horizon: specifically, I use the three-month interbank rate, obtained from FRED. The three-
month rate should provide a measure of the expected average Federal Funds rate over the
next quarter, after controlling for a possible, almost trivial, term premium. An alternative
would be to replace the Federal Funds rate with the three-month Treasury bill rate, since
SPF forecasts for three-month T-bill rates are available starting from 1981:Q3. But the
choice of the Federal Funds rate and three-month interbank rate allows me to use a longer

sample that also includes the run-up of inflation in the late 1960s into the 1970s.

6T have also estimated the model relaxing this assumption and allowing perceived long-run means in expec-
tations to differ from steady-state values &, 7*, and 7* 4 r*. The results remain basically identical, given
that the sample means of expected series are not far from those of the corresponding realized variables.
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The estimation sample starts from 1965 for real-time data, with the first observations on
expectations available from 1968:1V, and it ends on 2024:I1. The data are quarterly. The
likelihood is computed from 1965, therefore allowing for missing data and a different set of
observation equations between 1965 and 1968. Given that observed expectations may be
an imperfect measure of actual expectations in the economy, I allow for measurement error

terms me; Y, meE™, and mel". Figure 1 displays the realized and expected series.

3.2. Bayesian Estimation. I use a Metropolis-Hastings algorithm to generate draws from
the posterior distribution. The vector of parameters to be estimated includes the structural
parameters in the New Keynesian model, along with the learning coefficients for different
expectation models, and the measurement error parameters related to survey expectations.
[ fix the parameters that would be unidentified: 5 to 0.99 and % to 0.2 (the latter implying
a relatively low sensitivity of marginal costs to output).

The selected prior distributions are shown in Table 1. I assume a Gamma prior distribu-
tion for the intertemporal elasticity of substitution ¢. The Calvo price stickiness parameter
follows a Beta prior distribution with mean 0.66 and standard deviation 0.05. The mone-
tary policy reaction coefficients to inflation and output are assumed to follow Normal prior
distributions with means 1.5 and 0.25, respectively. The interest-rate smoothing coefficient
p follows a Beta prior with mean 0.7. The autoregressive coefficients for the natural rate
and cost-push disturbances similarly follow Beta distributions, which are, however, kept less
informative (mean 0.5, standard deviation 0.2). Key parameters in the estimation are the
learning gain parameters, which determine how sensitive agents’ beliefs are to new informa-
tion. I assume Beta(0.05, 0.01) priors for all gain coefficients.”

I assume Inverse Gamma priors for the standard deviations of structural innovations and
Gamma(0.1,0.1) priors for the standard deviations of measurement errors. The latter imply
probability masses that are higher at zero and progressively declining for larger values: they

are meant to penalize higher degrees of measurement error.

4. RESULTS

4.1. Estimates. Table 1 presents the posterior estimates for the structural and learning

parameters in the baseline estimation. The estimates for ‘deep’ and policy parameters are in

T experimented with higher prior means, particularly for the simpler PLM with long-run values only, but
the estimates remained similar.
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line with previous literature: the posterior mean for o is equal to 0.599 and for « is equal to
0.828, indicating a large degree of price stickiness. The Taylor rule coefficients have posterior
means equal to 0.92 for the inertia p, 1.49 for the feedback to inflation x, and 0.21 for the
reaction to output x,.

The presence of expectations data reduces the extent of exogenously needed persistence:
the autoregressive parameters for the natural rate and markup disturbances are relatively
low at 0.10 and 0.47.%

The constant gain coefficient is estimated around 0.095 for the reverting to steady state
model, at 0.035 for the backward-looking model, and at 0.169 for the MSV specification.
Agents learn about the best forecasting models in similar ways, with a somewhat lower gain
coefficient equal to 0.0192.

4.2. Heterogeneous Expectations. Figure 2 shows observed inflation expectations from
the Survey of Professional Forecasters together with the expectations implied by the three
different PLMs. As expected, the first PLM generates expectations that are smoother than
actual inflation, as they resemble a moving average of past inflation data. Such expectations
reflects the predictions of forecasters who don’t overreact to recent data and shocks, but
believe that fluctuations are dominated by mean reversion to long-run equilibria. Expecta-
tions formed from PLMs 2 and 3 are more volatile, with one responding closely to lagged
observations and the other adjusting in response to structural shocks. In particular, MSV ex-
pectations would have implied more elevated inflation expectations during the double peaks
in the 1970s in response to supply shocks, compared with what observed in the SPF.
Figures 3 and 4 show the evolution of selected beliefs over the sample. Agents observe
higher than expected inflation through the 1970s and, in the mean reversion PLM, progres-
sively revise upward their perceptions about long-run inflation. To a minor extent, they also
revise upward their perception in the aftermath of COVID. In the trend-following, AR(1),
PLM, they would revise their beliefs about the intercept in the same way, although more
slowly. Agents learn that inflation is more persistent than previously assumed in the early
1970s. Positive forecast errors in that period lead to revisions in both coefficients in the same
direction. Agents then maintain stable beliefs until around 2010 when they revise downward

their estimates of intrinsic inflation inertia. Perceived inflation persistence remains low for

8The role of learning and sluggish expectations as drivers of persistence is described in Milani (2007, 2011,
2017).
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a decade, before quickly dropping, and then substantially rising up again post-COVID. In
the MSV PLM, beliefs about the sensitivity of inflation to markup shocks wu; assume a spe-
cial importance. The perceived impact of such shocks on inflation also increases during the
COVID episode.

Turning to output beliefs, perceptions about its persistence move generally less than for
inflation: agents realize that its autoregressive coefficients is close to 1 everywhere in the
sample. The exception is given by the COVID years. The perceived inertia spikes up above
one, before falling during the unexpectedly rapid recovery. Expectations in the MSV model
also become additionally sensitive to exogenous shocks in the same years.

Besides learning about coefficients within each single model, agents also learn about the
reliability of different models. They revise their model weights over time through a similar
constant-gain learning algorithm. Figure 5 illustrates the shifts in model weights. Both
the mean-reversion and AR PLMs increase in importance in the 1970s, together with rising
perceptions about the mean and autocorrelation of inflation. Figure 6 presents a zoomed-in
view of the later years to highlight the remarkable shift in beliefs in correspondence of the
COVID pandemic. Agents progressively discard the mean reversion world view (with about
a 10% share in late 2022) in favor of increased reliance on the trend-following model, which
captures a share around 55%. This shift suggests a non-trivial amount of unanchoring of
expectations, with inflation believed to be more persistent than in the past.

Figure 7 clarifies the story behind the evolution of aggregate expectations.” The figure
shows the COVID death rates per 100,000 population (provided by the CDC) in the U.S., as
a measure of the severity of the pandemic over those years. In the early pandemic quarters,
inflation falls below target because of the COVID-induced recession. Expectations, however,
remain roughly stable. During 2021 and the first half of 2022, inflation rates constantly
rise. As a result, expectations also begin to move and they progressively increase for almost
two years. This is the period in which agents revised their perceptions and model views,
as documented earlier. Expectations continue to rise even after inflation has started to
fall. Expectations begin to revert back later on, although they remain above their historical
average. The behavior of expectations in the first part of the pandemic is consistent with

the survey evidence; for example, as discussed in Reis (2022), mean expectations initially

9T thank my discussant for suggesting a similar figure.
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don’t react. The first signs of instability in inflation expectations manifest itself instead in

their dispersion, which increases before the mean starts moving.

4.2.1. Dispersion. Figure 8 shows how the dispersion of heterogeneous expectations in the
model changes in response to the COVID pandemic. Dispersion related to output expecta-
tions significantly increases in response to the COVID shock between the second and third
quarters of 2020; it is lower later on after the relatively rapid recovery in real activity. The
dispersion of inflation expectations rises in the same period at the beginning of the pan-
demic, but it also rises, and more persistently so, in its aftermath, when observed inflation
rates increase in 2022 and 2023. Finally, uncertainty about the monetary policy response to
rising inflation increases the dispersion of interest rate expectations in 2023 and afterwards.
Disagreement about expected policy was instead lower in response to the COVID shock,

since economic agents anticipated that monetary policy would turn expansionary.

4.3. Inflationary Shocks and Monetary Policy. The impact of inflationary markup
shocks may be severely affected by the prevailing state of expectations. Figure 9 compares
the response of inflation expectations to cost-push shocks just before the pandemic (first
quarter of 2020) and in its aftermath (third quarter of 2022). In only a few quarters, it’s
evident that expectations have partially unanchored. In 2022, the share of forecasters who
use the mean reversion PLM is at its historical low around 0.1 and the share of trend-
following forecasters spikes. As a result, the impulse response of inflation expectations
to the inflationary shock becomes much stronger. The response was almost imperceptible
before COVID, due to different prevailing models that were more consistent with anchored
expectations.

Figure 10 shows the behavior of heterogeneous expectations under alternative perceived
models. The long-run and MSV models lead to more muted responses than those observed in
the data. The AR, trend-following, model, induces more persistence into the economy and it
leads to stronger responses of expectations. The larger the share of this type of expectations,

the larger the sensitivity of aggregate expectations to temporary shocks.

4.4. Monetary Policy and Shifting Expectations. The effects of monetary policy can
similarly depend on the prevailing perceptions about the economy.
As shown in Figure 11, the effectiveness of contractionary monetary policy in reducing

inflation diminishes between 2020 and 2022, with the unanchoring of expectations due to
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the larger share of trend-following forecasters. These findings, therefore, suggest that mon-
etary policy need to become more aggressive toward inflation when expectations become
less anchored, in this case due to a shift away from perceived models consistent with mean

reversion into models based on trend-following.

5. ROBUSTNESS

I assess the sensitivity of the results under alternative specifications and modeling choices.

Table 2 reports the corresponding posterior estimates for each specification.

5.1. No Restrictions on Model Weights. The baseline estimation restricted the model
weights to sum to one (w® + w{™ + w™¥ = 1 at each t). I re-estimate the model without
imposing this assumption. In terms of the coefficients, the main changes are that the constant
gain for the MSV perceived model is estimated at a lower value at 0.047. The natural rate

disturbance is more persistent in this estimation.

5.2. Zero-Lower Bound Periods. Two periods in our sample are characterized by a bind-
ing zero-lower-bound constraint: the post-Financial Crisis years between 2009 and 2015, and
the COVID quarters between 2020 and early 2022. The baseline estimation ignores the ZLB
under the assumption that the resulting bias on the posterior estimates remains small enough
(in this case, the deviations from the typical Taylor rule in the ZLB periods would simply
be captured by the exogenous component ¢;). Here, I deal with the ZLB in a different way:
when the policy rate is cut to zero, I introduce a news shock component in the Taylor rule,
as in Del Negro et al. (2023).1° The Taylor rule becomes:

iy = pig—1 + (1 = p) [XaTe + XyUe) + €0 + nf—k;a (6)

where nF , denotes a policy news shock, which is anticipated k periods ahead (here, for
simplicity, I assume k = 1). The prior for the standard deviation of the news shock is
I'(0,1,0.1). The estimates in Table 2 show that the introduction of a news shock to deal
with the ZLB doesn’t substantially affect the posterior estimates.

0The same approach is followed in Milani and Treadwell (2012) to separate between surprise monetary
policy shocks and anticipated monetary policy components.
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5.3. Shifts in Monetary Policy & Macro Volatility. The model has been estimated by
assuming constant parameters (except for learning beliefs and shifting model weights) for
the whole sample. Many papers, however, document shifts in monetary policy coefficients
and in the standard deviation of the shocks before and after the appointment of Volcker
as Fed’s Chairman in 1979 (e.g., Lubik and Schorfheide, 2003). I account for possible time
variation by allowing the monetary policy parameters p, X, Xy, and the standard deviations
of the shocks o, o,, 0., to shift values before and after 1979.

As a second, related, case, I also re-estimate the model with the same time-varying pa-
rameters, but also allowing the constant gain coefficients to change values in the pre- and
post-1979 samples (Milani, 2014, for example, finds higher gain coefficients in the earlier
sample). The estimates support the evidence of a structural break in the monetary pol-
icy coefficients: the response to inflation increases from below 1 before Volcker to 1.7 after
Volcker.!* Policy also becomes more gradual (with p increasing from 0.75 to 0.92) and less
responsive to real activity (with x, declining from 0.21 to 0.13). The shocks become less
volatile in the second sample. The evidence for time variation in constant gains is more

mixed.

5.4. Extended model with endogenous sources of inertia. It is typical in rational
expectation DSGE models to introduce additional sources of inertia to fit macroeconomic
data. The most common choices are the assumption of habit formation in consumption and
indexation to lagged inflation in price setting. These two extensions provide a microfounda-
tion for lagged terms in the output Euler equation and in the New Keynesian Phillips curve.
I re-estimate the extended model that includes habits and indexation, denoted by coeffi-
cients h and +, both assumed to follow Beta(0.5,0.2) prior distributions. The data support
a medium level of habit formation (h = 0.41), while they indicate only minimal indexation
(v =0.14).

5.5. Only two forecasting models. As an additional sensitivity test, I estimate a simpler
specification, which allows for two shifting models instead of three. I retain the steady state
and the trend-following forecasting models, and remove the MSV case. Overall, there are no

significant changes in the estimates.

HAg discussed in Milani (2008), the estimation of a model in which the Taylor principle is not satisfied
doesn’t pose particular problems under the assumption of adaptive learning.
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5.6. Endogenous Time-Varying Gains. The main estimation assumes learning with con-
stant gains for the parameters in each perceived model and for learning about the model
themselves. An alternative in the literature is the use of recursive least squares (RLS) learn-
ing, which assumes a decreasing gain equal to ¢t~! in each period. RLS learning is used in
theoretical work to test the convergence of beliefs to the rational expectations equilibrium; it
is typically abandoned in favor of constant-gain learning in empirical work, since the latter
allows agents to remain more reactive to new observations even with longer samples. A
decreasing gain would imply beliefs that stabilize as ¢ increases and become unresponsive to
any potential structural change.

While a decreasing gain over the full sample is likely unrealistic, here I still decide to assess
the sensitivity of the result to alternative gain assumptions, by using the endogenous, time-
varying gain, used in Marcet and Nicolini (2003) and Milani (2014). These gains incorporate
the benefits of both decreasing and constant gains: when forecast errors are large by historical
standards, agents worry about structural breaks and switch to a constant gain, which gives
more weight to new information and discount older observations. When forecast errors are
below their historical averages, on the other hand, agents retain confidence in the accuracy
of their model and adopt a decreasing gain, which is relatively unresponsive to new data.
The resulting gain can, therefore, switch endogenously between g and ¢!, depending on the
values of recent forecast errors, and becomes time-varying.

I re-estimate the model with the time-varying gains. I still estimate the value for the same
constant gain coefficients Gss, Gar, Gmsv, and g,,, but now they refer only to those instances
in which the time-varying gain switches to constant. The posterior estimates for the gains

remain overall similar, with a slightly higher mean for g,,s,.

As shown, in terms of posterior estimates, the values remain comparable across all the
alternative specifications. There is some more pronounced variation in the value of o, the
elasticity of intertemporal substitution, which mirrors the wide range of estimates typically
found in the literature.

Besides looking at the estimates, to evaluate the robustness of the main results, I compare
the evolution of the model weights assigned to the steady-state and to the autoregressive
PLMs during the COVID sample and across the previous estimated specifications. I also

compare the perceived inflation persistence by agents during the same period. Figure 12
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shows the resulting, superimposed, series. In all robustness cases, agents revise their beliefs
to assign more weight to the trend-following model and less to the mean reversion model
in the second half of 2022. Similarly, consistently across all specifications, agents initially
revise downward their perceptions of inflation persistence (in late 2020/early 2021) and then
they strongly revise the perceived persistence upward in 2021 and 2022. Overall, the main
story during the COVID years seems robust to the different modeling choices.

6. CONCLUSIONS

After decades of price stability and anchored expectations, high inflation has made a
comeback in the aftermath of the COVID pandemic.

This paper has revisited the history of U.S. inflation, real activity, and monetary policies
through the lens of a macroeconomic model that assigns a central role to shifting heteroge-
neous expectations. The expectation formation models capture different behavioral features:
for some agents, it could be a belief that the economy rapidly returns to its long-run equilib-
rium after shocks; for others, trend-following behavior, which can create intrinsic persistence
through sluggish expectations; finally, other agents may have smaller deviations from rational
expectations, but still engage in learning based on recent experiences.

The results show that shifts in heterogeneous expectations played a role in the unexpected
return of high inflation after COVID. Agents discarded beliefs that assumed inflation as
quickly reverting to target, and began to form expectations more adaptively. They rapidly
revised upward their perceptions of how persistent deviations of inflation from target could
be.

Due to the shift in beliefs, inflation expectations became less anchored and, thus, more
reactive to transitory shocks than they were a few quarters before. The partial unanchoring
of expectations, in turn, reduces the effectiveness of contractionary monetary policy to bring

inflation under control.
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Param. Prior Distr. | Posterior Distributions
Structural
o ['(1.50,0.5) 0.599 [0.41,0.79]
a B(0.66,0.05) 0.828 [0.78,0.90]
Policy
p B(0.7,0.2) 0.921 [0.89,0.95]
X N(1.5,0.25) 1.494 [1.16,1.88]
Xy N(0.25,0.12) 0.210 [0.10,0.35)
Learning
Jss B(0.05,0.01) 0.0951 [0.079,0.111]
Jar B(0.05,0.01) 0.0348 [0.029,0.041]
Tmsv B(0.05,0.01) 0.169 [0.157,0.181]
Jm B(0.05,0.01) 0.0192 [0.017,0.021]
Disturbances
Pr B (0.5,0.2) 0.10 [0.06,0.14]
Pu B (0.5,0.2) 0.475 [0.30,0.61]
oy '-1(0.30,1) 1.186 [1.08,1.31]
Ou '=1(0.30,1) 0.351 [0.32,0.39]
o, =1(0.30,1) 0.220 [0.20,0.24]
M.E.
O meBy ['(0.1,0.1) 1.308 [1.2,1.43]
O pmeEr ['(0.1,0.1) 0.145 [0.13,0.16]
O meFi ['(0.1,0.1) 0.269 [0.25,0.29]

TABLE 1. Posterior Estimates: Baseline Estimation. Note: The Table reports

mean posterior estimates, along with 2.5% and 97.5% percentiles.
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Param. Posterior Distributions
(1) (2) (3) (4) (5) (6) (7)
o 0.45 [0.29,0.69]  0.61 [0.42,0.81] 0.58 [0.38,0.81] 1.12 j0.88,1.58)  0.86 [0.50,1.31]  0.79 [0.54,1.13] 0.64 [0.38,0.88]
« 0.85 [0.81,0.88]  0.82 [0.78,0.89] 0.84 [0.80,0.88] 0.82 [0.78,086]  0.73 [0.68,0.78]  0.83 [0.79,0.86] 0.86 [0.80,0.92]
P 0.92 [0.89,0.95)  0.92 [0.89,0.95] 0.92 [0.88,0.95] 0.91 [0.88,0.95]  0.92 [0.89,0.96]  0.92 [0.89,0.95] 0.92 [0.89,0.95]
Xr 1.46 [1.08,1.88)  1.53 [1.18,1.94] 1.70 [1.23,2.09) 1.70 1.30,2.13)  1.45 [1.05,1.90] 1.51 [1.14,1.91) 1.49 [1.14,1.95)
Xy 0.24 [0.09,040  0.22 [0.11,0.35] 0.13 [0.02,0.25] 0.14 [0.03,026)  0.07 [p.01,0.15]  0.19 [0.07,0.31] 0.21 [0.10,0.35]
Jss 0.105 [0.09,0.12]  0.095 [0.08,0.11]  0.094 [0.08,0.11] 0.046 [0.04,0.06] 0.073 [0.06,0.09] 0.13 [0.11,0.15] 0.10 [0.08,0.12]
Jar 0.027 [0.02,003] 0.035 [0.03,004] 0.036 [0.03,004] 0.037 [0.03,0.05] 0.036 [0.03,0.04] 0.025 [0.02,0.03]  0.035 [0.03,0.04]
Jmsv 0.047 [0.04,0.05) 0.169 [0.16,0.18)  0.177 [0.17,019]  0.149 [0.14,0.16] 0.109 [0.10,0.12] 0.22 [0.20,0.23)
Gm 0.023 0.02,0.03] 0.019 [0.017,002] 0.019 [0.017,0.02] 0.011 [0.01,0.014] 0.013 [0.01,0.02] 0.021 [0.02,0.025] 0.019 [0.017,0.021]
Pr 0.46 [0.36,0.56]  0.10 [0.06,0.15] 0.52 [0.41,0.63] 0.56 [0.44,067]  0.69 [0.60,0.76)  0.20 [0.11,0.29] 0.12 [0.07,0.17]
Pu 0.44 [0.36,053]  0.48 [0.33,0.59] 0.48 [0.36,0.61] 0.47 [0.36,059]  0.20 [0.08,0.34]  0.47 [0.35,0.57) 0.39 [0.28,0.53]
o 1.13 (1.02,1.26)  1.19 [1.08,1.30] 1.08 [0.96,1.22] 1.07 jp.96,1.21]  1.43 [1.31,1.58] 1.40 [1.26,1.56] 1.18 [1.08,1.31]
Ou 0.36 [0.33,040  0.35 [0.32,0.39] 0.34 [0.31,0.38] 0.34 [0.30,0.38]  0.40 [0.35,0.45]  0.36 [0.32,0.39] 0.34 [0.31,0.37]
e 0.22 [0.20,024]  0.22 [0.20,0.24] 0.21 [0.19,0.23] 0.21 [0.19,023]  0.22 [0.20,0.24]  0.22 [0.20,0.24] 0.22 [0.20,0.24]
O meEy 1.38 (1.26,1.51]  1.31 [1.20,1.43] 1.35 [1.24,1.48] 1.27 (16,1400 1.50 [1.38,1.63)  1.49 [1.36,1.64] 1.27 [1.16,1.38]
OpneEr 0.18 [0.16,0.19]  0.15 [0.13,0.16] 0.14 [0.13,0.16] 0.16 [0.14,017  0.14 [0.13,0.16]  0.16 [0.14,0.17) 0.14 [0.13,0.16]
O meFi 0.30 [0.27,0.33)  0.27 [0.25,0.30] 0.27 [0.24,0.29] 0.27 0.25,030)  0.27 [0.24,029]  0.31 [0.29,0.34] 0.27 [0.25,0.30]
Ompnews 0.096 [0.00,0.41]
Ppretd 0.75 [0.61,0.88] 0.78 [0.62,0.90]
Xr,pre79 0.67 [0.36,1.10] 0.76 [0.40,1.27]
Xy,pre79 0.21 [0.13,0.36] 0.25 [0.14,0.39]
Pr.pre79 0.11 [0.07,0.18) 0.11 [0.06,0.16)
PupreTd 0.37 [0.26,0.48] 0.27 [0.17,0.38]
O pre79 1.18 [1.00,1.40] 1.27 [1.05,1.52]
OupreT9 0.37 [0.30,0.44] 0.38 [0.32,0.46]
Ocprem9 0.22 [0.18,0.27] 0.23 [0.19,0.28]
Gss,pretd 0.06 [0.05,0.08)
GarpreTo 0.07 [0.06,0.09]
Gmsv,pre79 0.10 [0.08,0.12]
G, preT9 0.02 [0.017,0.023]
h 0.41 [0.39,0.44]
ol 0.14 [0.04,0.26]

TABLE 2. Posterior Estimates:

Alternative Specifications for Robustness.

Note: The Table reports mean posterior estimates, along with 2.5% and 97.5% percentiles.
The estimates under each column correspond to the following specification: (1) Model with
no restrictions on weights; (2) Model with anticipated monetary policy news shocks during
ZLB periods; (3) Model with time variation in monetary policy and shock coefficients; (4)
Model with time variation in monetary policy, shock, and constant gain coefficients; (5) Ex-
tended model with habit formation in consumption and price indexation to past inflation;
(6) Model with two forecasting PLMs; (7) Model with endogenous switching gains.
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FI1GURE 1. Realized Variables and One-Quarter-Ahead Expectations.
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FIGURE 2. Survey Inflation Expectations and Heterogeneous Expectations

from three PLMs.
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FIGURE 3. Inflation Beliefs.
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FiGURE 6. Model weights for Inflation Expectations: COVID sample.
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FI1GURE 7. Evolution of Realized Inflation, Aggregate Inflation Expectations,
and COVID Rates, over the COVID sample.
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F1GURE 8. Dispersion of Heterogeneous Output, Inflation, and Interest Rate
Expectations (COVID Sample).
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F1GURE 9. Impulse Response Function of Inflation Expectations to Cost-Push Shocks.
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etary Policy Shocks.



MONETARY POLICY, HETEROG. EXPECTATIONS, AND THE RETURN OF HIGH INFLATION

1
I I

0.8

0.6

0.4

0
2020 2020.5 2021 2021.5 2022 2022.5 2023 2023.5 2024 2024.5

| | | | | |
0
2020 2020.5 2021 2021.5 2022 2022.5 2023 2023.5 2024 2024.5

FIGURE 12. Robustness. Model weights for Inflation Expectations and Belief
about Inflation Persistence across estimated specifications (COVID Sample).

35



