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A vast literature has documented that US inflation persistence has fallen in recent decades,
but this finding is difficult to explain in monetary models. Using survey data on inflation
expectations, I document a positive co-movement between ex-ante average forecast errors
and forecast revisions (suggesting forecast sluggishness) from 1968 to 1984, but no co-
movement afterward. I extend the New Keynesian setting to include noisy and dispersed
information about the aggregate state and show that inflation is more persistent in peri-
ods of greater forecast sluggishness. My results suggest that changes in firm forecasting
behavior explain around 90% of the fall in inflation persistence since the mid-1980s. I
also find that the changes in the dynamics of the Phillips curve can be explained by the
change in information frictions. After controlling for changes in information frictions,
I estimate only a modest decline in the slope. I find that a more significant factor in the
dynamics of the Phillips curve is the shift towards greater forward-lookingness and less
backward-lookingness. Finally, I find evidence of forecast underrevision in the post-COVID
period, which explains the increase in the persistence of current inflation.

Keywords: Inflation persistence, Phillips curve, noisy information.
JEL Classifications: E31, E32, E52, E70.

E-mail: jose.elias.gallegos@bde.es. I am grateful to Tobias Broer, Alex Kohlhas, and Per Krusell for their advice
and support. Further, I would like to thank Mattias Almgren, Gualtiero Azzalini, Timo Boppart, Gaetano
Gaballo, Nathan Goldstein, John Hassler, Ivan Jaccard, Markus Kondziella, John Kramer, Philip Lane, Kieran
Larkin, Kurt Mitman, José Montalban, Athanasios Orphanides, Isabel Schnabel, Claire Thurwéchter, Harald
Uhlig, Joshua Weiss, and seminar and conference participants at Banco de Espafia, Banca d'Italia, Bank of
Lithuania, Bilkent, BSE Summer Forum 2022, CEBRA 2021, Copenhagen Business School, ECB Sintra Forum
2022, EEA-ESEM 2021 and 2022, HEC Lausanne, IPECE 2021, Macro Finance Society, NOVA, RCEA Money,
Macro & Finance, Riksbank, SAEe 2021, SHoF, Tilburg, UECE 2021, Universidad Carlos III, Université Libre
de Bruxelles, and the IIES Macro Group for useful feedback and comments. The views expressed are those
of the author and do not necessarily represent the views of the Banco de Espafia and the Eurosystem.



mailto:jose.elias.gallegos@bde.es

1. Introduction

Since long, expectations have played a central role in macroeconomics. However, most
of the work considers a limited theory of expectation formation, in which agents are
perfectly and homogeneously aware of the state of nature and others’ actions. In this paper,
I consider a theory of expectation formation that incorporates significant heterogeneity
and sluggishness in agents’ forecasts, thus relaxing the standard full information rational
expectations (FIRE) benchmark.! I include such expectation formation features into an
otherwise standard New Keynesian (NK) model by introducing noisy and dispersed infor-
mation, rationally processed separately by each agent, and match the information-specific
parameters to the observed sluggishness in forecasts. I use this framework to interpret
two empirical challenges in the literature: the fall in inflation persistence and the change
in the dynamics of the Phillips curve.

As for the first empirical challenge, evidence suggests that the dynamic properties
of US inflation have not been constant over time. In particular, inflation in the post-war
period exhibits a high degree of persistence up until the mid-1980s, falling significantly
since then. This fall in inflation persistence is not easily understood through the lens of
monetary models, which has resulted in the “inflation persistence puzzle” (Fuhrer 2010).2
This break coincides with a change in the US Federal Reserve’s communication policy,
which became more transparent and informative after the mid-1980s. Using survey data on
US firms’ forecasts, I document a significant sluggishness in responses to new information
until the mid-1980s, but no evidence of sluggishness afterward.? The theoretical framework
I build is consistent with this evidence. I argue that the change in the Fed communication
improves firms’ information and I use the model to show that the reduced stickiness in
firms’ inflation forecasts explains the fall in inflation persistence.

The second empirical challenge documents that the dynamics of the Phillips curve
have changed in recent decades. The literature has mainly focused on the output gap
coefficient, arguing for a flatter curve in recent decades (Rubbo 2019; del Negro et al. 2020;
Ascari and Fosso 2021; Hazell et al. 2022). This finding indirectly implies that central bank

11 define sluggishness as the stickiness of current expectations on past expectations. I measure sluggish-
ness as a positive co-movement between ex-ante average forecast errors and forecast revisions.

Zpersistence determines both the memory of any past shock on today’s outcome and the unconditional
volatility of an autoregressive dynamic process. See Fuhrer (2010) for a handbook literature review.

3Coibion and Gorodnichenko (2015a) find evidence for an increase in the level of information frictions
since the 1980s, and explain the increase from a rational inattention perspective. In section 2.2, using
their data, I provide evidence of the decrease in information frictions related to inflation. I argue that this
particularity about inflation expectations comes from changes in the Fed’s communication policy (see Online
Appendix E).



actions understood as nominal interest rate changes are less effective in affecting inflation.
I estimate only a modest decline in the slope of the Phillips curve since the mid-1980s, once
I control for the decrease in information frictions. Instead, I argue from the perspective of
the model that the change in the dynamics of the Phillips curve can be explained by a lack
of backward-lookingness and an increase in forward-lookingness after the mid-1980s.

In terms of the details of the model, I explain the fall in inflation persistence through a
decrease in the degree of information frictions that firms face on central bank actions.
Since the late 1960s, there has been a gradual improvement in the US Federal Reserve’s
public disclosure and transparency, sending clearer signals of their actions and future
intentions to the market.* This most notably occurred after 1985.° I show that in this
framework, inflation is more persistent in periods of greater forecast sluggishness. Noisy
information generates an underreaction to new information because individuals shrink
their forecasts toward prior beliefs when the signals they observe are noisy. This endoge-
nous anchoring in forecasts causes firms to set prices to their existing prior, thus slowing
the speed of price changes. Using micro-data on inflation expectations from the Survey
of Professional Forecasters (SPF) and the Livingston Survey on Firms, I document that
firms’ forecasts used to react sluggishly before the mid-1980s. However, there appears to
be a break, and there is no evidence of sluggishness in recent decades. My results suggest
that agents became more informed about inflation after the change in the Federal Reserve
disclosure policy in the mid-1980s. Because inflation depends on the expectations of future
inflation, the change in expectation formation feeds into inflation dynamics, which endoge-
nously reduces inflation persistence. I find that this change in firms’ forecasting behavior
explains around 90% of the fall in inflation persistence since the mid-1980s. Formally, I
extend the textbook NK framework in Gali (2015); Woodford (2003b) to noisy information
following Angeletos and Huo (2021), itself a simplified version of Lucas (1972); Woodford

4See Lindsey (2003) for a comprehensive historical review.

SBefore 1967 the Federal Open Market Committee (FOMC), the US Fed decision unit, only announced
policy decisions once a year in its Annual Report. In 1967, the FOMC decided to release the directive in
the Policy Report (PR), 90 days after the decision. In 1976, the PR was enlarged and its delay was reduced
to 45 days. Between 1976 and 1993 the information contained in the PR increased, without any further
changes in the announcement delay. In 1977, the Federal Reserve Reform Act officially entitled the Fed with 3
objectives: maximum employment, stable prices, and moderate long-term interest rates. In 1979, the first
macroeconomic forecasts on real GNP and GNP inflation from FOMC members were made available. The
“tilt” (the likelihood regarding possible future action) was introduced in the PR in 1983. Between 1985 and
1991, the Fed introduced the “ranking of policy factors”, which after each meeting ranked aggregate macro
variables in importance, signaling priorities about possible future adjustments. The minutes, a revised
transcript of the discussions during the meeting, started being released together with the PR in 1993, 45 days
after the meeting. In 1994 the FOMC introduced the immediate release of the PR after a meeting if there had
been a change, coupled with an immediate release of the “tilt” (likelihood regarding possible future action)
since 1999. Since January 2000 there has been an immediate announcement and press conference after each
meeting, regardless of the decision.



(2003a); Nimark (2008); Lorenzoni (2009); Huo and Takayama (2018) in which agents only
observe signals of exogenous variables. I assume that firms do not have complete and
perfect information about aggregate economic conditions. Firms can observe their granu-
lar conditions - the output they produce given their price,- but they do not have perfect
information about aggregate variables like inflation, output, or interest rates. In place,
they observe a noisy signal that provides information on the state of the economy, in this
case, the monetary policy shock. With this piece of information, firms form expectations
on inflation, aggregate output, and interest rates. This setting leads to a dynamic beauty
contest in which firms need to form beliefs on what other firms believe about the economy.

This paper contributes to the literature that aims to explain the fall in inflation persis-
tence observed in the US since the 1980s (Fuhrer and Moore 1995; Benati and Surico 2008;
Cogley and Sbordone 2008; Fuhrer 2010; Cogley et al. 2010; Goldstein and Gorodnichenko
2019). The literature has proposed theoretical explanations from different angles, with
the shared commonality that the fall in the persistence of inflation can be attributed to a
change in the conduct of monetary policy and the time-varying nature of exogenous shocks
hitting the economy. Motivated by the documented increase in the aggressiveness of the
monetary authority toward excess inflation (Clarida et al. 2000; Lubik and Schortheide
2004), Cogley et al. (2010) estimate an NK model, enlarged with trend inflation, using two
different samples, before 1979 and after 1982. They find that the Taylor rule coefficient for
inflation increased in the second subsample, cost-push shocks became less persistent, and
the disturbances hitting the economy became less volatile. Davig and Doh (2014) employ
a regime-switching approach with time-varying parameters, finding that the monetary
policy was more aggressive before 1970 and after the Volcker disinflation, consistent with
the lower inflation persistence observed in those periods. Their analysis shows that a 40%
decline in the persistence of inflation can be attributed both to the reduction in the weight
of exogenous shocks with high persistence, which experienced a relative fall in volatility
compared to other disturbances, and the increase in the Taylor rule coefficient. Bianchi
and Ilut (2017) incorporate fiscal policy, allowing for time-varying coefficients both in
the monetary and fiscal rules and on the volatility of exogenous shocks. Their analysis
suggests that persistent inflation can arise from fiscal imbalances when monetary policy
accommodates fiscal policy. In contrast, I only consider a single parametric change - an
increase in the signal-to-noise ratio - to isolate the transmission mechanism. However,
the increase in the signal-to-noise ratio that I document could be endogenized in my
framework through the documented increase in the Taylor rule coefficient for inflation,
which dampens the general equilibrium dimension, reduces strategic complementarities
across agents, increases the weight that agents optimally assign to news, and boosts the



signal-to-noise ratio. Closer to the present paper, Erceg and Levin (2003) explain the high
persistence of inflation during the Volcker disinflation using a noisy information frame-
work, where agents have incomplete information on the central bank’s inflation target.
In contrast, I obtain a closed-form solution for inflation dynamics, allowing for a trace of
the key drivers of the fall in persistence after the Volcker disinflation. Moreover, I extend
this analysis to the structural inflation dynamics, the noisy-hybrid Phillips curve, and find
evidence of a fall in intrinsic persistence, but no evidence of a fall in the persistence of
structural disturbances.

I also contribute to the literature studying the time-varying properties of the Phillips
curve. The literature has mainly focused on the output gap coefficient, arguing for a flatter
curve in recent decades, implying a fall in the sensitivity of inflation and the real side
of the economy, including changes in the policy rate or central bank actions (“inflation
disconnect” puzzle, see e.g., del Negro et al. 2020; Ascari and Fosso 2021). Instead of
focusing solely on the slope, I show that under noisy information the Phillips curve is
enlarged with a backward-looking term on lagged inflation and myopia towards expected
future inflation, both of them dependent on the degree of information frictions. First, I
show that the fall in inflation persistence can be explained by a fall in intrinsic persistence
and myopia. Second, I show that under a general information structure, the Phillips curve
is modified such that current inflation is related to current and future output through two
different channels: the output gap coefficient and firms’ expectation formation process.
I estimate only a modest decline in the slope once I control for a decline in information
frictions, using SPF forecasts (Coibion et al. 2018; Crump et al. 2019; Hazell et al. 2022).

Roadmap. The paper proceeds as follows. Section 2 documents the two empirical chal-
lenges and the decrease in forecast sluggishness and information frictions in recent
decades. In Section 3, I describe the theoretical framework, and I derive the main re-
sults in section 4. Section 5 concludes the paper.

In Online Appendix D I revisit different theories that produce a structural relation
between inflation and other forces in the economy, and I show that they cannot explain the
fallin inflation persistence. In the benchmark NK model, inflation inherits the properties of
the exogenous driving forces. Hence, to explain the fall in inflation persistence documented
in the data, a fall in the persistence of these exogenous shocks is required. I find that
the persistence of exogenous monetary policy, total factor productivity, and other shocks
have been remarkably stable in the post-war period. Acknowledging the fact that purely
forward-looking models cannot generate intrinsic persistence, I extend the benchmark and
explore backward-looking frameworks. I find that they generate little intrinsic persistence,



insufficient to generate the large fall in inflation persistence that I observe in the data.®

2. Empirical Challenges and Information Frictions

In this section, I discuss the two empirical challenges and the change in inflation forecast
underrevision. First, I provide empirical evidence on the fall in the persistence of inflation
in recent decades. Second, I show that the change in persistence coincides with a decline
in forecast underreaction in recent decades. Third, I argue that the documented changes
in the persistence of inflation and forecast underreaction can explain the changes in the
dynamics of the Phillips curve over time.

2.1. The First Puzzle: Inflation Persistence

A vast literature has documented that US inflation persistence has fallen in recent decades.
Fuhrer and Moore (1995); Cogley and Sbordone (2008); Fuhrer (2010); Cogley et al. (2010);
Goldstein and Gorodnichenko (2019) find evidence of a structural break in the first-order
autocorrelation of inflation in the 1980-1985 window, with persistence falling from around
0.75-0.8 to 0.5.” In this section I revisit this empirical challenge and document a fall in
inflation persistence since the mid-1980s.8 I use the (annualized) quarterly growth in the
GDP Deflator as a proxy for aggregate inflation.”

The inflation time series is reported in Figure 1. I follow Fuhrer (2010) and divide
the sample into two sub-periods, pre- and post-1985:Q1 until 2020:Q2. I report the mean
and 2 standard deviation bands by each subperiod. Inflation started its upward trend in
the 1960s, continuing in the next decade with two local peaks in the mid-1970s and the
early 1980s. Then, inflation started its downward trend lasting until the early 1990s, and
roughly remained at 2% afterward. Differentiating between the two subperiods, one can
see from the previous figure that the level of inflation has fallen from 6% to 2%, and
that inflation has become less volatile.!? In the monetary literature, inflation is generally

I extend the setting to price indexation, trend inflation, and optimal monetary policy under discretion
and commitment. I show that these frameworks cannot explain the large fall in inflation persistence.

’In a cross-country analysis, Benati and Surico (2008) find that countries with central banks that follow
an inflation targeting policy experience lower persistence.

8Inflation data is available at a quarterly frequency since 1947:Q1. However, I will stick to the 1968:Q4-
2020:Q2 sample since I seek to link the results presented in this section to surveys on expectations, which
are available since 1968:Q4.

°I define the inflation rate at time t, 77, as the (annualized) log growth in the index, 400 x (log P; -log P;_1),
where P; is the GDP deflator at time t.

10T omit the fall in the average level and volatility of inflation from the analysis, since both can be easily

explained in a trend-inflation NK setup through a decrease in the inflation target of the central bank, and
an increase in the aggressiveness of the monetary authority towards the inflation gap, for which Clarida et
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FIGURE 1. Time series of inflation, with subsample (pre- and post-1985) mean and standard
deviation. Source: U.S. Bureau of Economic Analysis, Gross Domestic Product: Implicit Price
Deflator, https://fred.stlouisfed.org/series/ GDPDEF.
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1968:Q4-2020:Q2 1968:Q4-1984:Q4 1985:Q1-2020:Q2

Mean 3.373 6.151 2.111
Volatility 2.399 2.218 1.017
First-Order Autocorrelation 0.880 0.770 0.511

TABLE 1. Summary statistics over time.

assumed to follow an independent autoregressive stochastic process. In such a case, the
stationary mean depends both on the intercept, «; in equation (1), and the lagged inflation
coefficients. Stationary volatility depends both on the volatility of the innovation and
lagged inflation coefficients. Table 1 reports summary statistics on the mean, volatility,
and first-order autocorrelation by each subsample. In the following, I seek to investigate if
these differences across subsamples are statistically significant.

Let us assume that inflation follows a simple AR(1) process with a drift. Recall that
the change in the average level of inflation, documented in Figure 1, can be explained
by two parameters, the intercept, and the persistence coefficient. Once more, I follow
Fuhrer (2010) and assume that the break date is 1985:Q1.11 I test for a (potential) structural
break on the intercept and persistence coefficients by estimating equation (1). Formally, I
consider the regression

(1) T = X + Xpe X ﬂ{tZt*} + PaTl—1 T Prx X ﬂ{tzt*}ﬂt—l + ey

where 1>+ is an indicator variable equal to 1 if the period is within the post-1985 era,
and e; is the error term. I report my findings in table 2. The advantage of relying on a
specification like equation (1) instead of a subsample analysis as in table 1 is that the former
allows us to verify if the structural change in the coefficients is statistically significant.
First, I find that both the intercept and the persistence are significant when I consider
the full sample with no structural break (column 1). Second, in a subsample analysis, I
provide evidence of the fall in inflation persistence from around 0.78 to 0.51 (see columns

al. (2000) provide empirical evidence. Additionally, I show in Online Appendix D that (i) the change in the
responsiveness to inflation documented by Clarida et al. (2000) only explains a fall from 0.8003 to 0.7998 in
the first-order autocorrelation, and (ii) the change in trend inflation around the mid-1980s can only explain a
fall from 0.90 to 0.84 in the first-order autocorrelation (for example, Cogley et al. 2010 require a large fall in
the persistence of the cost-push shock, see coefficient pg in table 3 on pg. 60, for which I do not find any
evidence in Online Appendix D). Both changes are insufficient to explain the large fall in the persistence of
inflation.

1To confirm the break date, I additionally test for the null of no structural break in inflation dynamics
around 1985:Q1 (Bai and Perron 1998, 2003). I reject the null of no break (p-value = 0.000). If I instead am
agnostic about the break date, the test suggests that the break occurred in 1991:Q1. I report the results for
the 1991:Q1 structural break in table 2, columns 6 and 7.



[V
LA [ ] [ ]
c) -
E
£ o -
c
o
I
=
o —
[ ]
c? -
T T T T T T
-3 0 3 6 9 12
Previous Inflation (p.p.)
® 1969-1984 Linear Fit: 1969-1984
® 1985-2020 Linear Fit: 1985-2020

FIGURE 2. Scatter plot of inflation (vertical axis) and one-quarter lagged inflation (hori-
zontal axis). Red dots correspond to 1968-1984 observations, and blue dots correspond to

observations after 1984.

2 and 3). Third, I find evidence of a structural break in persistence, falling from 0.80 in
the pre-1985 period to 0.5 afterward (columns 4 and 5).12 I do not find any evidence of a
structural break in the intercept. I repeat the structural break analysis in columns 6 and 7,
but considering 1991:Q1 as the break date. Results do not change. The structural break is
also visualized in the scatter plot in Figure 2.

Considering these findings, and the robustness checks discussed in Online Appendix
B.1, I conclude that (i) inflation persistence has fallen since the mid-1980s, and that (ii) the

fall in the level of inflation documented in Figure 1 is explained through a change in the

persistence of inflation.!3

2.2. Evidence on Information Frictions

As discussed in the introduction, the actions of the Fed have become more transparent
over time. The delay between the Fed’s action and the announcement to the public has

121n columns 5 and 7 I additionally control for potential structural breaks in the constant.

131 explore alternative analyses, obtaining similar results, in Online Appendix B.1. I consider (i) two
alternative measures of inflation, price inflation (CPI) and producer inflation (PCE), (ii) rolling-sample and
time-varying estimates, and (iii) a subsample unit root analysis.
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FIGURE 3. Time series of ex-ante average forecast errors and forecast revisions. Sources:
(1) First-Release Values, GDP Deflator, https://www.philadelphiafed.org/surveys-and-data/
real-time-data-research/p, and (2) Survey of Professional Forecasters, Median Forecast, GDP
Deflator, https://www.philadelphiafed.org/surveys-and-data/real-time-data-research/median-
forecasts.

been shortened from around a year to a few minutes, and the amount of information
contained in the Policy Report and other documents released to the public has increased
substantially.!* In this section, I document a contemporaneous change in beliefs around
the same date on which inflation persistence is reported to break. Using survey data on US
firms’ forecasts, I document a significant sluggishness in responses to new information
until the mid-1980s, measured by the positive co-movement of ex-ante forecast errors and
forecast revisions, but no evidence of sluggishness afterward. Using expectations data
from the Survey of Professional Forecasters (SPF), I study whether there is a significant
change in different measures of information frictions around 1985:Q1.1° The problem that
the econometrician faces when trying to quantify or estimate the degree of information
frictions is that she does not know what each agent, or the average agent, has observed at
any given point in time. The literature has approached this regression design problem by
measuring the change in actions after an inflow of information. Consider, for example,
the average forecast of annual inflation at time ¢, ﬁtﬂﬁ.g’b where 71113 ¢ is the GDP deflator
growth between periods ¢ + 3 and t - 1. One can think of this object as the action that the
average forecaster makes. Let us now consider the average forecast of 4-quarters-ahead
inflation at time t - 1, ft_lrtﬁg,t. The difference between these two objects, the average

141 provide a more detailed historical analysis of the Fed's gradual increase in transparency in Online
Appendix E.

15The American Statistical Association and the National Bureau of Economic Research started the survey
in 1968:Q4, which has been conducted by the Federal Reserve Bank of Philadelphia since 1990:Q1. Every three
months, professional forecasters are surveyed on their forecasts of economic variables like output, inflation,
or interest rates. These forecasters work at Wall Street financial firms, commercial banks, consulting firms,
university research centers, and other private sector companies.
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forecast revision, revision; = ﬁt’f[ﬂ.g)t - ﬁt_lﬂﬁ.g’t, provides us with information about the
average agent action after an inflow of information between periods t and ¢ - 1. Coibion
and Gorodnichenko (2012, 2015a) document a positive co-movement between ex-ante
average forecast errors, denoted by forecast errory = 743 ¢ - EtT[t.q.g,t, and average forecast
revisions.!® I plot the raw series in Figure 3. Formally, their regression design is

(2) forecast error; = ey + Prey revision; + uy,

where a positive co-movement (Brev > 0) suggests that positive revisions predict positive
forecast errors.l” That is, after a positive revision of annual inflation forecasts, agents
consistently under-predict inflation. Although I only focus on firms in the main text,
this form of forecast stickiness or sluggishness is consistent across different agent types
(see Coibion and Gorodnichenko (2012, 2015a) for evidence on consumers, firms, central
bankers, etc.)!8

The results, reported in the first column in table 3, reject the FIRE assumption: the
measure of information frictions, Brev, is significantly different from zero. Furthermore,
a positive Brey coefficient suggests that positive revisions predict positive (and larger) fore-
cast errors, and thus, that agents underrevise their forecasts. In particular, a 1 percentage
point revision predicts a 1.23 percentage point forecast error. The average forecast is thus
smaller than the realized outcome, which suggests that the forecast revision was too small,
or that forecasts react sluggishly. Columns 2 and 3 report the subsample analysis, and
provide preliminary evidence on a fall in the underrevision behavior since the mid-1980s.1°

Following the previous analyses on inflation persistence, I assume that the break date
is 1985:Q1.20 Following a similar structural break analysis as in Section 2.1, I study if
there is a change in expectation formation around the same break date. Formally, I test
for a structural break in belief formation around 1985:Q1 by estimating the following

161 use the first-release value of annual inflation, since forecasters do not have access to future revisions
of the data when they provide their forecast.

7Under the FIRE assumption, Brey should be zero. Since agent’s individual forecast is identical to each
other agent’s forecast, the average expectation operator in (2) could be interpreted as a representative agent
forecast, and one would be effectively regressing the forecast error of the representative agent on its forecast
revision. Under RE, the forecast revision should not consistently predict the forecast error. Otherwise, the
agent would incorporate this information in his information set. Therefore, a positive estimate of Brey in the
above regression suggests that the FIRE assumption is violated.

18The forecast underreaction behavior is consistent with many different FIRE extensions of the benchmark
setting. In Online Appendix B.2, I show the cross-sectional volatility of inflation forecasts does not react to
monetary shocks throughout the sample, contradicting the sticky information framework.

9This result is consistent with the subsample analysis in Angeletos et al. (2020), table VI.

2071 test for the null of no structural break in underrevision dynamics around 1985:Q1. I reject the null of
no break (p-value = 0.01). If I am instead agnostic about the break date(s), the test suggests that the break
occurred in 1980:Q1.

11
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FIGURE 4. Scatter plot of ex-ante average forecast error (vertical axis) and average forecast
revisions (horizontal axis). Red dots correspond to 1968-1984 observations, and blue dots
correspond to observations after 1984.

structural-break version of (2),
(3) forecast error; = odrey + Prevrevisions + Breys X > pyrevisions + uy

A significant estimate of Brev« suggests a break in the information frictions. The results
in the fourth and fifth columns in Table 3 suggest that there is a structural break around
1985:Q1. The estimate ey« < 0 suggests that firms’ forecasts underreact less since 1985. (In
fact, I do not find any evidence of forecast stickiness.) I repeat the structural break analysis
in columns 6 and 7, but considering either 1980:Q3 (the most probable date according to
the unknown structural break test) or 1991:Q1 as the break dates, respectively. Results do
not change. The structural break finding is also visualized in the scatter plot in Figure 4.

In the lens of a noisy and dispersed information framework, this implies that agents
became more more informed about inflation, with individual forecasts relying less on
priors and more on news.2! These structural break findings are consistent with alternative

measures of information frictions, as discussed in Online Appendix B.2.22

2lIn Online Appendix B.2, I find that ex-ante inflation forecast errors react to monetary shocks before
1985 and not after, confirming the presence of information frictions before the mid-1980s and not afterward.
221 conduct robustness checks studying the impulse response of ex-ante inflation forecast errors to ex-ante
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CG (2015) Sample 1968:1V-1984:1V  1985:1-2015:1  Structural Break

Revision 1.193"** 1.344%* 0.224 1.447%%F  1.344"
(0.289) (0.343) (0.200) (0.364)  (0.341)
Revision X Ig>pq -1.023**  -1.120***
(0.409)  (0.395)

Constant 0.00200 0.257 -0.223*** -0.0552 0.257
(0.0835) (0.196) (0.0578)  (0.0803)  (0.195)
Constant X Ly -0.479**
(0.203)

Observations 173 58 115 173 173

HAC robust standard errors in parentheses
* p<0.10, ** p<0.05,*** p< 0.0l

TABLE 4. Information frictions in Coibion and Gorodnichenko (2015a).

Comparison to Coibion and Gorodnichenko (2015a). Using the same data source, in section
II1.A (pp. 2672-74), Coibion and Gorodnichenko (2015a) estimate equation (2) each quarter
separately for all variables in the dataset, and then compute nonparametrically a local
average of the estimated underrevision coefficients to report the low frequency variation in
the degree of information rigidities.?3 They find significant frictions in the 1970s, reaching
a minimum level in the early 1980s, and increasing thereafter. They link this finding
to the onset of the Great Moderation (McConnell and Perez-Quiros 2000), arguing that
the relative decrease in the volatility of macroeconomic variables, with respect to the
increase (or moderate decrease) in microeconomic variables (Davis et al. 2006; Comin and
Mulani 2006; Comin and Philippon 2005; Davis and Kahn 2008) can explain the increase in
information frictions since the 1980s from a rational inattention perspective (Mackowiak
and Wiederholt 2012). The findings in this paper, instead, relate only to inflation (GDP
Deflator, and CPI in Online Appendix B.2.) Using their data on the expectations on the real
GDP deflator, I find similar estimates to the ones in table 3. I report them in table 4.
These findings suggests that while information frictions (rationally decided or not)
increased for most variables, they declined for the GDP Deflator growth. A particularity
of inflation is that central bank actions have become more salient, either through the
shortened lag and the information conveyed to the public (mid-1980s) or an inflation target

monetary policy shocks, the cross-sectional volatility of inflation forecasts over time, or using alternative
datasets like the Livingston Survey.

Z3They find similar results if they estimate rolling window regressions for each variable and then average
across these estimates.
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(1990s). In the theoretical framework, I show that the increase of the precision of central
bank actions explains the fall (i) in information frictions and (ii) in the persistence of
inflation.

2.3. The Second Puzzle: The Phillips Curve

Unemployment in the US has fluctuated between historically large and low levels since
1985. During the Great Recession, unemployment increased to a level comparable to that
of the Volcker disinflation. Shortly after that, unemployment decreased to unprecedented
low levels. Throughout this period, inflation seemed to be unaffected and disconnected
from the changes in the real side of the economy, with no disinflation during the Great
Recession and no large inflation up to the COVID crisis (Hall 2011; Ball and Mazumder
2011; Coibion and Gorodnichenko 2015b; del Negro et al. 2012; Lindé and Trabandt 2019).
This contrasts with the Volcker disinflation experience, which caused a large increase in
unemployment and gave rise to the concept of the “sacrifice ratio”.?*

Taking a model-oriented view, this second empirical challenge implies that the Phillips
curve has flattened in recent decades, implying that inflation is no longer affected by other
real variables (del Negro et al. 2020; Ascari and Fosso 2021; Atkeson and Ohanian 2001;
Stock and Watson 2020).2°> The most well-known (structural) inflation equation is the NK

Phillips curve,

(4) T = KY; + BE#T41

which relates current inflation, 77, to the current output gap, y;, and expected future
inflation, E¢7t441. Notice that, in this framework, inflation is only related to output through
the Phillips curve slope, k. The most prominent explanation for the lack of dependence of
inflation on output is the fall in the output gap coefficient.?® The literature has extensively
focused on this coefficient, arguing that this relation has flattened and that inflation is less
dependent on any other (real) variable. The available empirical evidence is mixed, with
the most recent evidence arguing for a modest decline over time (McLeay and Tenreyro
2020; Hazell et al. 2022).

In section 4.2, I argue that an extension to the benchmark model, in which the as-

24The sacrifice ratio measures the change in output per each 1% change in inflation.

25This finding indirectly implies that central bank actions, understood as nominal interest rate changes,
are less effective in affecting inflation.

26 Another explanation put forward by McLeay and Tenreyro (2020) is that a monetary authority conducting
optimal monetary policy under discretion could explain the disconnect without resorting to k. I show in
Online Appendix D that this change cannot explain the fall in the persistence of inflation.
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sumption of complete and full information is relaxed, enlarges the Phillips curve (4) with
intrinsic persistence and myopia. From the perspective of the model, the change in the
dynamics of the Phillips curve can be explained by a lack of backward-lookingness and an
increase in forward-lookingness after the mid-1980s, which is supported by the data. Once
these additional terms have been controlled for, and I estimate a Phillips curve closer to
the hybrid version implied by price-indexation settings, I find only modest evidence for a
change in the slope of the Phillips curve.

3. Noisy Information

In this section, I consider a theory of expectation formation that incorporates significant
heterogeneity and sluggishness in agents’ forecasts, thus relaxing the standard full infor-
mation rational expectations benchmark. I include such expectation formation features
into an otherwise standard New Keynesian model by introducing noisy and dispersed
information, rationally processed separately by each agent, and match the information-
specific parameters to the observed sluggishness in forecasts.?’ I argue that the change
in the Fed communication improved firms’ information, and I use the model to show
that the reduced underreaction in firms’ inflation forecasts will translate into reduced
persistence in inflation.?® I show that in this framework, inflation is more persistent in
periods of greater forecast sluggishness. Noisy information generates an underreaction to
new information because individuals shrink their forecasts toward prior beliefs when the
signals they observe are noisy. This endogenous anchoring in forecasts causes firms to set
prices to their existing prior, thus slowing the speed of price changes. Because inflation
depends on the expectations of future inflation, the change in expectation formation feeds
into inflation dynamics, which endogenously reduces inflation persistence. I find that this

27In the model I abstain from rational expectations (RE) deviations. Bordalo et al. (2020) and Broer and
Kohlhas (2019) find evidence of a violation of the RE assumption by regressing (2) at the individual level,
finding evidence of agent over-confidence when forecasting inflation. I do not assume a departure from RE
because, as shown in 2, over-confidence would have no effect on aggregate dynamics and would therefore
not affect the inflation persistence.

28The delay between the Federal Reserve action and the announcement to the public has been shortened
from around a year to a few minutes and there has been a substantial increase in the amount of information
contained in the PR and other documents released to the public has substantially increased. I provide a more
detailed historical analysis of the Fed’s gradual increase in transparency in Online Appendix E. A concern on
the gradual information disclosure argument is that, although actions themselves could not be known with
any certainty until after a year, market participants could observe the changes in interest rates and monetary
aggregates induced by the action and could thus infer the action, in the spirit of the Grossman and Stiglitz
(1980) paradox. To alleviate this concern, I measure information frictions using data from professional
forecasters. The underlying assumption here is that professional forecasters are among the most informed
agents in the economy since their job is to make predictions for private companies. Obtaining evidence on
significant information frictions from these agents would therefore invalidate the previous criticism.
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change in firm forecasting behavior explains around 90% of the fall in inflation persistence
since the mid-1980s.

Inflation Persistence: Alternative Explanations. 1 discuss a variety of FIRE frameworks in
Online Appendix D, and show that none of them can produce a large fall in inflation
persistence. In purely forward frameworks, inflation is proportional to the exogenous
shocks, and only extrinsically persistent. I show that the persistence of these exogenous
shocks has not changed over time, and that the fall in the relative volatility of cost-push
shocks with respect to other shocks is insufficient to explain the fall in the persistence
of inflation (Online Appendix D.1). Additionally, I show that changes in the monetary
stance, either through parametric changes in the Taylor rule or a shift towards optimal
monetary policy under discretion, cannot explain the fall in the persistence of inflation
(Online Appendix D.2). Then, I explore several extensions that produce backward-looking
dynamics, such as optimal monetary policy under commitment (Online Appendix D.2),
price indexation or positive trend inflation (Online Appendix D.3). I argue that these
extensions generate mild intrinsic persistence, and cannot explain the documented large
fall in inflation persistence.

3.1. The Noisy Information New Keynesian Model

In order to relate the previous empirical findings on inflation persistence to information
frictions, I build a noisy information New Keynesian model based on the island setting by
Angeletos and Huo (2021), whereas I assume that firms cannot observe past prices.?? Firms
observe the economic conditions on their island, but they do not have full information
about the economic conditions in the archipielago. In particular, firms can observe their
own granular conditions, such as their production given their price, but they do not have
perfect information about aggregate macro variables like inflation, output, or interest rates.
They observe a noisy signal that provides information on the state of the economy, in this
case, the monetary policy shock. With this piece of information, firms form expectations
on inflation, aggregate output, and interest rates.3? For simplicity, I assume that households

2% As a result, firms’ price-setting optimality condition can be written as a beauty contest in which firms
forecast prices as opposed to inflation, as in Angeletos and Huo (2021). They use the simplifying assumption
that firms observe past prices but do not incorporate them to their information set, arguing that inflation
contains little statistical information about real variables, while Vives and Yang (2016) motivate this through
bounded rationality and inattention. Huo and Pedroni (2021) allow for endogenous information, but such a
choice eliminates the benefit of closed-form dynamics, and the concept of persistence becomes less clear.

30The derivation of the model is relegated to Online Appendix F.
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and the monetary authority have access to full information.3!

Apart from this information friction, which I describe formally below, firms are subject
to the standard Calvo-lottery price friction, which allows us to write the price-setting
problem as a forward-looking one, and compete in a monopolistic economy. There is a
continuum of firms indexed by j € J¢ = [0, 1], each being a monopolist producing a differ-
entiated intermediate-good variety with constant elasticity of substitution e, producing
output Y}, and setting price P;;.. Technology is represented by the production function

_ a7l
(5) th - th *
where 1 - « is the labor share.

Aggregate Price Dynamics. In every period, each firm can reset its price with probability
(1-0), independent of the time of the last price change. That is, only a measure (1 - 0) of
firms can reset their prices in a given period, and the average duration of a price is given
by 1/(1-0). Let p, = log P; denote the (log) aggregate price level and p} = log P} the (log)
aggregate price set by firms that can act. Such an environment implies that aggregate price
dynamics are given (in log-linear terms) by

(6) pr=(1-0)p;+0pry,  pr = /j P dj
f

That is, the (log) aggregate price level at time t is a weighted average of the average price
set by resetters and the average price set by non-resetters, p;_;.

Optimal Price Setting. A firm re-optimizing in period t will choose the price Pj*t that
maximizes the current market value of the profits generated while the price remains
effective. Formally,

Pjth,t+k - Wt+kN',t+k}

(e.¢]
* _ ke
Pjt =arg rr})ix E 0°E; {/\t’m< P
k=0

-0
where A 1y = pk (Cé—:k) is the stochastic discount factor, and Ej(-) denotes firm ;s

expectation conditional on its information set at time ¢, and subject to the sequence of
Py \ "€ . . .
demand schedules, Y; ;. = <T]+tk> Ct+x, and their production technology, equation (5). I

311 relax the FIRE assumption on households in Online Appendix C. The framework is consistent with
a constant level of information frictions regarding expectations on output, and can explain a fall in the
persistence of inflation from 0.808 to 0.709.
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assume that prices are set before wages. Log-linearizing the resulting first-order condition
around the zero inflation steady-state, I obtain the familiar price-setting rule

o

©) Py =(1-B0) D (BO)Ejt (pysx + OMCsy)
k=0

where mc¢; = mcy - mc is the deviation between real marginal costs and steady-state

marginal costs, and © = Comparing the price-setting rule (7) arising in this frame-

1- oc+oce
work with the one in the benchmark, the only difference comes from the expectation
operator. In the benchmark case, information sets are homogeneous and all firms (allowed
to act) set the same price. Instead, in this framework, each firm will set a different price

based on its belief structure.

Equilibrium. Market clearing in the goods and labor market implies that ¢; = y; = (1- )nz.
Using the equilibrium aggregate labor supply condition, one can write marginal costs in
terms of output, mc; = wy - p; = (0 + %) y,, where o is the elasticity of intertemporal
substitution and ¢ is the inverse Frisch elasticity. Rewriting output in terms of its gap with
respect to the flexible-prices equilibrium,

(8) pj, = (1- B6) %(Be)kEjt {Pﬁk +0 <U + Tjo(j) 5/t+k}

which one can rewrite recursively as

k0
) Py = (1- BO)E; py + -0 Ejt ¥ + BOE;; P 11y

where k = (1_6)(.%[‘7’6)@ (o +$2%). Condition (9) is intuitive: when a firm j sets its price, it
considers how competitive will its price be compared to the average price in the economy
(playing a game of strategic complementarities with other firms), which will be the aggre-
gate demand in the economy, and the future conditions since its price will be effective for

an unknown number of periods.

Demand side. The demand side behaves as in the standard framework. Output gap dynam-
ics are described by the standard Dynamic IS (DIS) curve (10), where the current output gap
depends negatively on the expected real interest rate and positively on future aggregate
demand; and nominal interest rates are set by the central bank following a Taylor rule (11),
in which the central bank reacts to excessive inflation and output by reducing the nominal
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interest rates, and releases a monetary policy shock (12) that has an AR(1) structure:

- 1 . -
(10) Ye=-3 (it = E¢m41) Y Er Vi
(11) it =bnm+ Gyy,+ vt
(12) Vi = pVi1 t+ O¢ 5;‘/; 51‘/ ~ N(O) ]-)

The monetary policy shock v; will be a key object in this economy. It is the only aggregate
state variable, and I will assume that firms will have imperfect information on the central
bank’s action 1, consistent with the evidence on the transparency policy change by the
Fed.3?

Aggregate Phillips curve. To derive the aggregate Phillips curve, one can aggregate condi-
tion (8) across firms.33 The aggregate Phillips curve can then be written as

(13) =0 Y (BOE] Fpuy+ (1-0) S (BOVE s+ (1-0) (E] pyry - 1oy
k=0 k=0

where iy = p; - p;_; is the inflation rate and E fj E;;() dj is the average firm ex-
pectation operator. Compared to the standard framework there is an additional term on
the right-hand side, the result of firms not perfectly observing the previous price index.
Angeletos and Huo (2021) eliminate this term by assuming that firms know the aggregate
price level at time t - 1, but do not extract any information from it. To maintain internal
consistency in the theoretical framework, I do not make any such assumption.

At this point, it is important to stress that to derive condition (9) I have not yet specified
an information structure. Therefore, the price-setting condition (9) and the aggregate
Phillips curve (13) should be interpreted as a general individual price-setting condition and

a general aggregate Phillips curve.3*

Information Structure. To generate heterogeneous beliefs and sticky forecasts, I assume
that the information is incomplete and dispersed. Each firm j observes a noisy signal x;;

32Instead, the shock v; could be interpreted as an inflation target shock, such that i; = ¢ (7; - 7)) + y’j/t
with v; = -¢ 7. Such an interpretation of the results presented in this paper would be consistent with the
findings by Benati and Surico (2008), who find that countries with central banks that follow an inflation
targeting policy experience lower inflation persistence.

331 subtract p,_; on both sides, and +E/ p,_; on the right-hand side.

34In the benchmark model, agents perfectly observe inflation and output, and face a symmetric Nash
equilibrium game, and thus every firm acts as a representative agent firm. In such a case, the individual
price-setting curve (9) can be aggregated to the well-known New Keynesian Phillips curve (4).
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that contains information on the monetary shock v, and takes the standard functional
form of “outcome plus noise”. Formally, signal xj; is described as

(14) Xjp = Vet oully,  with uy ~ N(0,1)
where signals are agent-specific. This implies that each agent’s information set is different,
and therefore generates heterogeneous information sets across the population of firms.

An equilibrium must therefore satisfy the individual-level optimal pricing policy func-
tions (9), the aggregate DIS curve (10), the Taylor rule (11), and rational expectation forma-
tion should be consistent with the exogenous monetary shock process (12) and the signal
process (14).

Solution Algorithm. Here I outline the solution algorithm, and the interested reader is
referred to the Proof of Proposition 1 in Appendix A. I first guess that the dynamics of the
output gap are endogenous to the aggregate price index and the monetary shock: y; =
aypy1+byp;_o+cyvs for some unknown coefficients (ay, by, cy). This allows me to write
the individual price-setting condition (9) as a beauty contest in which each firm’s decision
will depend on its expectation of the fundamental and others’ actions. I then compute the
expectations. For example, using the Kalman filter, one can write the expectation process
as

_ ~ 1T
(15)  EjZe=AE;,Ze1+Kxy = ([- ALKy = AL,  Z¢= [vt P, yt}

where I have made use of the lag operator L, and A(z) = (I - AL)K is a polynomial matrix
that depends on the guessed dynamics and the information noise 0.3 I then insert these
objects into firm j’s price policy function (9), and obtain aggregate price dynamics. Finally,
I verify the initial guess by introducing the implied price dynamics into the DIS curve (10).

Notice that extending the benchmark framework to noisy and dispersed information
generates anchoring in expectations, which now follow an autoregressive process. This
additional anchoring will result in inflation being more intrinsically persistent in the noisy
information framework, compared to the benchmark setting.

The following proposition outlines inflation dynamics.

35In the case of the Kalman filter, I also need to guess the dynamics of the price level. To derive the results
I use the Wiener-Hopf filter in Appendix A.
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PROPOSITION 1. Under noisy information, the price level dynamics are given by

(16) Py =1 +92) pr_g =192 prg — O (D1, D) ve

where & and 9, are the reciprocal of the two outside roots of the quartic polynomial

P(2) =-(BO -2)(1-02)(z-p) (1-p2) -T2 [([39 -2)(1-02)+2z(1-0)(1-BO)

N[o(1-D2) + G yl@1+ 92 - 1- br) + (1-92)(Pr - V) (0 + b y)
[0(1-91) + dyllo(1-D9) + byl
Ydo[o(1-91)(1-02) - @1+ V2 -1~ Pr)dy]
[o(1-91) + dyllo(l-D2) + byl

+2%k0

+2°k0

with

K

T 1= pB)o(1-p) + &yl + k(Pr-p)

(17) Y

and X is a scalar endogenous to information frictions defined in the appendix, with T = 02/o2.
PROOF. See Appendix A. O

First differencing the price level dynamics (16), one can obtain the implied inflation

dynamics as
(18) 7 = (01 + 92) 741 — 9192719 — WX (D1, D2)Avy

In the noisy information framework, inflation is intrinsically persistent and its persistence
is governed by the new information-related parameters $; and 95, as opposed to the bench-
mark framework in which it is only extrinsically persistent. The intuition for this result
is simple: inflation is partially determined by expectations (see condition 13 under noisy
information, or 4 under complete information). Under noisy information, expectations
are anchored and follow an autoregressive process (see expression 15), which creates the
additional source of anchoring in inflation dynamics, measured by the information-related
parameters 9, and 9.

In the next section, I relate the theoretical findings on inflation dynamics to empirical

evidence on information frictions, and their fall in recent decades.
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Parameter Description Value Source/Target

o IES 1 Gali (2015)
B Discount factor 0.99 Gali (2015)
@) Inverse Frisch elasticity 5 Gali (2015)
1-« Labor share 0.75 Gali (2015)
€ CES between varieties 9 Gali (2015)
0 Calvo lottery 0.89  Hazell et al. (2022)
P Monetary shock persistence 0.5 Gali (2015)
bn Inflation coefficient Taylor rule 1.5 Gali (2015)
dy Output gap coefficient Taylor rule 0.125 Gali (2015)
O¢ Volatility monetary shock 1 Gali (2015)

TABLE 5. Model parameters.

3.2. Calibrating Information Frictions

In the theoretical framework, I rationalize the average forecast underreaction through
expectation anchoring to priors. In this section, I calibrate the information friction param-
eter oy to match the observed sluggishness in forecasts across time, given the rest of the
parameters. I report the parameter values in Table 5. For the quantitative analysis, I use a
standard parameterization in the literature, with the only exception of 0 = 0.89, which is
calibrated to match a Phillips curve slope k = 0.03 (mean value in the literature, reported
in Hazell et al. 2022). Finally, I calibrate T = 0.0715 in the pre-1985 sample to match the
empirical evidence on Prey in Table 3.

As argued before, the signal noise became more precise in the dispersed-information
model lens. In the next proposition, I relate the previous empirical findings on expectations
to model-implied inflation persistence.

PROPOSITION 2. The theoretical counterpart of the coefficient Brey in (2) is given by

C (forecast error,, revision)

Brev =

V (revisiont)
(19) _We-9Na-0) | ITLA-&)  1-32 S 0I5 k- )
(L-AH(p -7 [T M- 0p)  D1-D2 4= A=A (A -y

where A is the inside root of the quadratic polynomial Q(z) = (1-pz)(z-p)+12, and (&1, &2, &3, &4)
are the reciprocals of the roots of the quartic polynomial Qy(2) = ¢g + b1z + $oz? + 323 + paz?,

_ - 3_9.—
Where (bO = _11)7'[)(7'[) d)]. = <% - %) (bO) d)z = %; d)3 = (p 7\)3212)0([1}1}\5)11)(18_2;1;\3182]; and d)4 =
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FIGURE 5. Coefficient Brey and information frictions t71. In red, is the estimated underre-
vision coefficient (with 95% confidence interval, dashed line) before 1985. In blue, is the
estimated underrevision coefficient (with 95% confidence interval, dashed line) after 1985.
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PROOF. See Appendix A. O

The empirical results reported in section 2.2 support a fall in information frictions in re-
cent decades. Proposition 2 maps the theoretical information friction, oy, with the Coibion
and Gorodnichenko (2015a) estimate. It introduces the model-implied Brey coefficient,
which depends on the monetary policy shock persistence p and on the information-related
parameters 91, 9» and A, where A, in turn, depends on the persistence parameter and
the signal-to-noise ratio. In the noisy information framework, frey is strictly positive and
increases with the degree of information frictions. I show this graphically in Figure 5. In
the model lens, this underrevision is the consequence of individual anchoring to priors,
and generates forecast underreaction at the aggregate level.

As a last remark, notice that the dynamics generated by the noisy information model
(18) resemble those generated by the ad-hoc backward-looking models presented in Online
Appendix D.3. However, differently from those ad-hoc frameworks, in the noisy infor-
mation framework, intrinsic persistence is the result of the micro-founded anchoring in
expectations. Extending the model to accommodate noisy information introduces intrinsic
persistence through expectations, for which I have provided empirical evidence, rather
than the more ad-hoc consumption external habits or price indexation assumptions, for

which there is little or no evidence.3®

36Havranek et al. (2017) present a meta-analysis of the different estimates of habits in the macro literature
and the available micro-estimates. In general, macro models take an index of habits of 0.75, whereas micro-
estimates suggest a value around 0.4. On the other hand, the price-indexation model suggests that every
price is changed in every period, which is inconsistent with the micro-data estimates provided by Bils and
Klenow (2004); Nakamura and Steinsson (2008).
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4. Results

4.1. Inflation Persistence

In the noisy information framework, inflation persistence is governed by 9; and 9,. For-
mally, one can write the inflation first-order autocorrelation as
(1+p)(d1 +92) + (1 - p)(D192 - 1)

which is increasing in both §; and 9. Since the ultimate goal is to understand the break in
inflation persistence documented in Section 2.1, the following proposition exposes the
determinants of &; and 9, and provides analytical comparative statics.

PROPOSITION 3. The persistence parameters are
(1) 91 € (0, p)
(it) & isincreasing in oy
(ii1) 92 € (6,1)
(iv) O is decreasing in oy,
PROOF. See Appendix A. O

Inflation persistence and information frictions are related through §; and 9,. The above
proposition is key to understanding the time-varying properties of inflation persistence.
First, part (i) establishes that 9; is bounded by 0 and p. Part (ii) states that &, is increasing
in the degree of information frictions, formalized via the noise of the signal innovation oy,.
A decrease in information frictions reduces inflation first-order autocorrelation through a
de-anchoring of individual inflation expectations, which would in turn de-anchor inflation
dynamics. Figure 6A plots the level of intrinsic persistence 9, for different degrees of
information frictions, measured by t°L. Part (iii) establishes that 9, is bounded by 6 and 1.
Part (iv) states that 9, is decreasing in the degree of information frictions. A decrease in
information frictions increases inflation first-order autocorrelation through anchoring of
individual inflation expectations, which would in turn anchor inflation dynamics. Figure
6B plots the level of intrinsic persistence 9, for different degrees of information frictions.
In the limit of no information frictions o, — 0,97 — 0 and ¥, — 1.

Information frictions do, therefore, have opposing effects on persistence. On the one
hand, information frictions lead to an additional persistence through an increase in 9;, the
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standard mechanism in Angeletos and Huo (2021). On the other hand, there is an additional
component ¥, that is decreasing in information frictions. This element arises from the
fact that I am solving the model in prices, instead of inflation as in Angeletos and Huo
(2021) or as in the benchmark setting in Gali (2015) in which prices follow a unit root. Since
price dynamics follow (6), when firm j forecasts the aggregate price level p;, she needs to
forecast the average action by other firms pj, but also backcast the aggregate price level
in the past p;_; (see equation 6). Information frictions relax the forward-lookingness of
the model equations, as formalized by Gabaix (2020); Angeletos and Huo (2021), resulting
in price dynamics no longer following a unit root. In the frictionless limit, prices follow
a unit root, formalized by 9, — 1. However, as shown in Figure 6C, the net result of an
increase in information frictions is an increase in the first-order autocorrelation. These
key results, coupled with the next result introduced in Proposition 2, explain the overall
fall in inflation persistence.

The key finding is that ey and pj, the theoretical counterparts of Coibion and Gorod-
nichenko (2015a) underrevision estimate and inflation persistence, are closely related as I
show in Figure 6D, and the fall in the first-order autocorrelation can be explained by a
fall in information frictions. Propositions 1-2 establish a direct relationship between the
first-order autocorrelation of inflation p; and Brey, our empirical measure of information
frictions. Figure 6D shows graphically the monotonically increasing relation between
inflation persistence and Brey. In the initial pre-1985 period, with Brey = 1.501 from table
3, the model-implied inflation first-order autocorrelation is p; = 0.7276. In the post-1985
period, with no information frictions, the first-order autocorrelation falls to p; = p = 0.5,
which is the persistence of the monetary policy shock in the benchmark framework (see
Gali (2015)). Comparing our model results to the empirical analysis in Tables 1 and 2, I
find that the noisy information framework produces persistence dynamics that lie within
the 95% confidence interval, and can explain around 90% of the fall in the point estimate.
Noisy information produces such fall in a micro-consistent manner, compared to the more
ad-hoc NK models studied in Online Appendix D.

Role of Calvo Friction. In this framework, the first-order autocorrelation of inflation
depends on the degree of information frictions, summarized by the two roots %; and 9,. A
key parameter affecting the transmission of information frictions to the economy is the
Calvo inaction probability 6, since it regulates the degree of strategic complementarities
on firms’ actions. To see this, insert the aggregate price dynamics (6) into firm j’s best

26



Intrinsic persistence, 191

o
&)

o o ©
S w iS

©
o

1 1 1 1 1 1 1 1

0 2 4 6 8 10 12 14 16 18 20
Information frictions, 7
A. Intrinsic persistence 9; and information frictions !
;
0,98 |- -
@
S 096 -
2
R L il
7 094
g
o 092 -
2
s 09
£
088 | | | | ! L L ! ]
0 2 4 6 8 10 12 14 16 18 20
Information frictions, 1
B. Intrinsic persistence 9, and information frictions !
. T
< 1
c 1
2 08 ¢
& 08 7
g I 1
8 f '
S o6
3
e
g |
B o4y ,
o 1
N
[ 0.2 | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20
Information frictions, 71
C. First-Order Autocorrelation p; and information frictions T
~ 1 \
< 1
c 1
S
T 08| el e -
£ ! T
o
o ]
S 06| /:/( i
- Y (N G
T '
S 04f X -
o 1
8 |
T g0 ! | L | | | | ! | I
0.2 0 02 04 0.6 0.8 1 1.2 1.4 1.6 1.8

Underrevision, Hrev
D. First-Order Autocorrelation p; and information frictions Brey
FIGURE 6. Comparative statics. In red, estimated first-order autocorrelation and underrevi-
sion coefficients (with 95% confidence interval, dashed line) before 1985. In blue, estimated

first-order autocorrelation and underrevision coefficients (with 95% confidence interval,
dashed line) after 1985.

27



4
©

0.75 -

o
3
T

0.65 - I

First Order Autocorrelation, Py

| | 1 1
0.7 0.75 0.8 0.85 0.9 0.95 1
Calvo Probability of Inaction, 6

o
oo
»
o

FIGURE 7. First-order autocorrelation p; and price friction 6.

response (9),
> KO

(20) pj, = (1- pO)(1-6) >, ekEjtP;_k Tt gE et BOE;; Pj 141-
k=0

An increase in the Calvo inaction probability has opposing effects on the degree of strategic
complementarities within firms. On the one hand, an increase in 6 reduces the impact of
expected past aggregate actions through a smaller coefficient (1- 30)(1- 6). On the other
hand, it increases the memory of past expectations on today’s actions, > "¢, E)kE]-t Py
It seems natural, however, that this second effect dominates when I look at inflation
persistence. Formally, I showed in proposition 3 that 9, is bounded from below by 6 and
that it is decreasing in the degree of information frictions oy,. Therefore, a high 6 limits
the sensitivity of the root 9, to changes in oy, and helps in generating the increase in the
first-order autocorrelation after an increase in oy, given that p; is increasing in 9.

The calibration of the Calvo pricing friction implies a mean price duration of 7.8 quar-
ters. This estimate is in the upper range in the micro literature, although aligned with
the macro literature. Bils and Klenow (2004); Klenow and Kryvtsov (2008); Nakamura
and Steinsson (2008); Goldberg and Hellerstein (2009) find a median price duration of
4.5-11 months in US micro data. Gali (2015) sets 0 = 0.75 to match an implied duration of 1
year. Christiano et al. (2011) set © = 0.85. Auclert et al. (2020); Afsar et al. (2021) estimate 0
between 0.88 and 0.93 from macro data, implying a price duration of 12-14 quarters.

In Figure 7, I plot the implied first-order autocorrelation for different values of the
Calvo price friction in the range of the literature. Depending on this parameter, the noisy
information framework explains between 40% and 100% of the fall in the point estimate

in the first-order autocorrelation.
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4.2. The Phillips Curve

In this section, I argue that after controlling for changes in information frictions, the
decline in the slope of the Phillips curve appears to be relatively modest. However, I find
evidence that a more significant factor in the dynamics of the Phillips curve is the shift
towards greater forward-lookingness and less backward-lookingness. I conduct two main
exercises. First, in a more theoretical exercise, I use the noisy information framework to
rewrite the inflation dynamics as an as if FIRE setting with wedges (Angeletos and Huo
2021). According to my theory, the Phillips curve (4) needs to be extended with a backward-
looking inflation term and myopia towards future inflation in the pre-1985 sample period.®’
Once these additional terms are controlled for, and I estimate a Phillips curve close to
the hybrid version implied by price-indexation settings, I do not find any evidence of
a change in k, but rather a decrease in backward-lookingness. Second, by relaxing the
FIRE assumption but without any belief structure restriction, the Phillips curve is instead
given by (13). Instead of replacing expectations of future inflation by its realization, as
the literature generally does when estimating condition (4), I use the survey forecasts to
estimate (13), and I only find evidence of a modest change in the slope.

The Wedge Phillips Curve. Next, I argue that once I consider a micro-founded Phillips
curve that takes into account noisy information, I do not find any evidence of a change
in the slope of the Phillips curve. Furthermore, I show that the key drivers behind the
change in the dynamics of the Phillips curve are the fall in its backward-lookingness and
the increase in its forward-lookingness after the mid-1980s

Let us first recall inflation dynamics in the standard model. In the benchmark model,
the Phillips curve is given by (4), the DIS curve is given by (10), the Taylor rule is given by (11)
and the monetary policy shock process is given by (12). Inserting the Taylor rule (11) into the
DIS curve (10), one can write the model as a system of three first-order stochastic difference
equations with reduced-form dynamics x; = 8E;x¢41 + @y, where x: = [y, m pTisa
3 x 1vector containing output, inflation, and prices, and

o l_ﬁ‘bn 0
cr+¢y+.<q>ﬂ o+ P -1
5= oK K+B{U+¢y) @ = o _k
ot ytkdr ot ytdn ’ o+ (])y + Kbr
0 -1 1 0

Angeletos and Huo (2021) show that, using the noisy information dynamics (A13) and

37The derivation of the Phillips curve relies on the FIRE assumption (and, implicitly, on the Law of Iterated
Expectations at the aggregate level), for which I find a strong rejection in the data.
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(18), one can reverse engineer an as if system dynamics that mimics the dynamics of the
noisy information model albeit maintaining the FIRE assumption, such that the following
ad-hoc system of equations

(21) Xt = WX+ 8W pErxr + vy

satisfies the model dynamics for some pair of 3 x 3 matrices (wy, w f). The next proposi-
tion states that, under a certain pair (wp, w ), the ad-hoc economy produces the same
dynamics of the noisy information framework.

PROPOSITION 4. The ad-hoc hybrid dynamics (21) produces identical dynamics to the noisy
information model if (wp, W ¢) satisfy

B- @ = 8w ((AB + pB)

(22)
Wy = (13 - Swa)A
where
0 —by ay+ by —1|JyXy(191; 82)
A=10 99y -1-9)A-V)|, B=|-Paxa(d1,92)
0 99 9 +9-9d ~VrXn(d1, 92)
4o = V1[o(1-92) + Gyl + D2 - 1= Pr) + (1-99) (P - V) (0 + b y)
Y [0(1-91) + dyllo(1-D2) + byl
. = 0192001 -91)A-D2) - (01 + 95 - 1- dr)by]
g [0(1-31) + dyllo(1-D2) + dy]
with\y and X y defined in Appendix A. In particular, the “as if” FIRE Phillips curve dynamics
are described by
(23) T = a1+ WpPp g+ KY; +0yEt Ypuq + 0nBE 1 + 8 pBi Prag

where (wr, W p, 8 y, dn, 8 p) depend on the (Wy, w ¢) pair, and expectation operators satisfy the
FIRE assumption.

PROOF. See Appendix A. O

The FIRE wedge Phillips curve (23), together with a wedge IS curve derived in Appendix
A, produces identical dynamics to the noisy information setup derived in section 3. Notice
that, to derive similar dynamics in a FIRE setup, the Phillips curve needs to be extended
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with intrinsic persistence and myopia. Since all new terms depend on the degree of
information frictions o, the model predicts that changes in beliefs will affect the dynamics
of the Phillips curve. In particular, the model predicts that as information frictions vanish,
i.e., in the benchmark model with no information frictions, I have wy, 1; = Wy, 19 = Wy, 91 =
Whog =W 1p =Wgop=0andwyg ) =wg oy =1 Asaresult, wp=wp=5y=5p=0,57=1
and the Phillips curve is reduced to the purely forward-looking curve (4).

I now test this theoretical prediction in the data by estimating the wedge Phillips curve
(23), allowing for a structural break in all coefficients after 1985. I proxy the output gap term
using the CBO Output Gap, replace expectations of future variables with realized future
variables, and estimate the equation using the generalized method of moments (GMM).
In the estimation exercise, I focus particularly on the theoretical prediction of a lack of
backward-lookingness post-1985, instead of the slope analysis.3® Later on, I show that
there is evidence for a mild fall in the slope once we control for imperfect expectations.

In table 6 column 1, I report the estimated coefficients for the full sample exercise. I find
that only inflation-related coefficients are significant, suggesting support for backward-
lookingness and significant myopia (coefficient well below the discount factor 3 = 0.99).
I report the structural break results in columns 2 and 3. In column 2 I only allow for
a structural break on the contemporaneous output gap coefficient. I find no evidence
of a structural break in the slope (i.e., no evidence of flattening in the Phillips curve).
In column 3 I explore if there has been any other structural break in the dynamics of
the Phillips curve. Consistent with my previous findings on belief formation, I find a
structural break in lagged and forward inflation: in recent decades the Phillips curve has
become more forward-looking and less backward-looking. This last result aligns well with
the documented fall in the persistence of inflation and information frictions, and with the
mechanism dynamics proposed by the noisy information framework, suggesting that the
fall in the first-order autocorrelation of inflation can be explained by a lack of intrinsic
persistence after the mid-1980s.

Notice that condition (22) does not uniquely determine the set of weights w £ thatis
consistent with the noisy information dynamics. Different weights in w ¢ are consistent
with noisy information dynamics, although the dynamics are unique.3? I explore which
set of wedges (wy, w ) is consistent with the documented dynamics and with the findings
in table 6. Since I do not find any evidence of the relevance of the lagged price level and
the forward output gap, I choose wedges such that they produce the well-known hybrid

38 As stressed in Hazell et al. (2022), aggregate macroeconomic data does not have enough power to detect
the slope of the Phillips curve.
3ntuitively, agents’ actions can be anchored/myopic concerning aggregate output or inflation.
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Phillips curve. The following corollary provides us with the hybrid wedge Phillips curve.

COROLLARY 1. The hybrid Phillips curve
(24) T = WnTlp_1 + K Yy + OnBEsTtsan + XVt

produces identical dynamics to the "as if” FIRE Phillips curve (23), where (W, dr, X) depend on
the (Wy, w g) pair. As information frictions vanish, wyx =X =0 and 5z = 1.

PROOF. See Appendix A. O

As before, the noisy information model suggests that intrinsic persistence and myopia
in the hybrid Phillips curve (24) should vanish in the post-1985 sample. Estimating the
micro-founded hybrid Phillips curve (24), reported in table 6 (columns 4 and 5), I fail to
reject the null that, since the structural break in 1985:Q1, (i) anchoring has gone to zero
and (i7) myopia has disappeared. I repeat the analysis by replacing the CBO output gap
with the unemployment rate or the CBO unemployment gap, and I find similar results (see
columns 6 and 7). Therefore, the real “elephant in the room” is the shift towards greater
forward-lookingness, rather than a (potential) modest decline in the slope of the Phillips
curve.

Controlling for Imperfect Expectations. To obtain the results on inflation persistence, I
have assumed a particular belief structure, rational expectations but noisy and dispersed
information. In this section, I take an agnostic stance on expectation formation. I start
the analysis from the aggregate Phillips curve (13), derived under mild assumptions on
beliefs.*? In this case, inflation is related to current and future output through two different
channels: the slope of the Phillips curve, k, and firms’ expectation formation process, E{ (-)-
To test for a potential structural break in the slope controlling for non-standard expectations,
I regress the general Phillips curve (13), truncated at k = 4, for which I do not assume a
particular information structure, using real GDP and GDP Deflator growth forecast data
from the SPF. I set 3 and 0 to their values in table 5, and regress

(25) T = &1+ QY + Ty 1y
where oy = k, a3 = 1-0, ¥§ = GZ£zo(Be)kE{}Hk and 7t¢ = Zi:O(BG)kE{nHk denote

the truncated sums of the expected output gap and inflation, respectively, and n; = (1 -
0) <E{ Di1 - pt_1> + truncation error is the error term. I use standard GMM methods by

401 have only assumed that the law of iterated expectations holds at the individual level.
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Unemployment Real GDP Growth
Full Sample Structural Break Full Sample Structural Break

Vi -0.00519*** -0.0231%*+ -0.0128 0.0245
(0.00171) (0.00679) (0.0133) (0.0224)
Vi X Lo 0.0133*** -0.0403**
(0.00493) (0.0201)
¢ 0.282*** 0.342%+* 0.258*+* 0.251%*
(0.0109) (0.0261) (0.00999) (0.0108)
Observations 199 199 199 199

HAC (1 lag) robust standard errors in parentheses. Instrument set: four lags of forecasts of
annual real GDP growth and annual GDP Deflator growth.
* p<0.10, " p<0.05 *** p<0.01

TABLE 7. Estimates of regression (25).

instrumenting for expectations with 4-quarter lagged annual inflation and output gap
expectations. The results are reported in table 7. In column 1, I report the full sample
estimation using unemployment expectations as a proxy for the output gap. I find that
k is small, and similar to the value found by Hazell et al. (2022). In column 2, I regress
its (output) structural break version. I find evidence for a moderate fall in the slope of
the Phillips curve. Columns 3 to 4 report the results of the same analysis, using real GDP
growth expectations as a proxy for the output gap. I find similar results.*!

Summary. To sum up, I find that once I control for imperfect expectations and a potential
change in their dynamics, I only estimate a modest decline in the slope of the Phillips
curve since the mid-1980s. First, I showed that the noisy information model can explain the
change in the dynamics of the Phillips curve as a reshuffle between backward-lookingness
and forward-lookingness via changes in belief formation. Second, I documented empiri-
cally that controlling for non-standard expectations, proxied by the forecasts submitted by
professional forecasters, I find evidence for a fall in the slope of the Phillips curve from
0.023 to 0.010.

411 repeat the analysis using the Livingston Survey on Online Appendix B, and find similar results.
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5. Conclusion

In this paper, I explain the fall in inflation persistence since the mid-1980s through changes
in beliefs. State-of-the-art monetary models face significant challenges in explaining
this fall in inflation persistence. I show that, by relaxing the FIRE assumption in the
benchmark NK framework, the model can generate the documented fall in persistence.
Using micro-data on inflation expectations from the Survey of Professional Forecasters
(SPF), I argue that agents became more informed about inflation after the change in the
Federal Reserve disclosure policy, which endogenously lowers the intrinsic persistence in
inflation dynamics.

I revisit theories that produce a structural relation between inflation and other eco-
nomic forces. I show that a variety of NK models cannot explain the fall in inflation
persistence. Since the benchmark model is purely forward-looking, inflation exhibits
no intrinsic persistence, and its dynamic properties are now inherited from monetary
policy shocks. However, I document that the persistence of monetary policy shocks has
not changed over time. Acknowledging that purely forward-looking models cannot gener-
ate anchoring or intrinsic persistence, I extend the benchmark model to incorporate a
backward-looking dimension. I show that the change in the monetary stance now affects
inflation’s intrinsic persistence. The effect is small, however. Then, I show that the noisy
and dispersed information extension is consistent with the micro-data evidence on belief
formation, and generates anchoring or intrinsic inflation persistence. Using SPF data, I
document that a structural break in expectation formation, resulting in agents being more
informed about inflation, is contemporaneous with the fall in inflation persistence. The
model can therefore explain the fall in inflation persistence in a micro-consistent manner.

I discuss the consequences of noisy and dispersed information on the dynamics of
the Phillips curve, and the lack of flattening. In the noisy information model, the Phillips
curve is enlarged with anchoring and myopia. Consistent with the theory, I find that both
anchoring and myopia vanish after the reduction of information frictions in the mid-1980s.
Finally, taking an agnostic stance on expectations, I show that there is evidence of only a
modest decline in the slope of the Phillips curve, once I control for imperfect expectations.

Will the 2020-2022 inflation be persistent?

In this paper, I have only considered data up until 2020:Q2. The evidence provided points
towards a lessening in the underrevision behavior of agents and a fall in inflation persis-
tence since the mid-1980s. Taking these results together would make the reader conclude
that current inflation will only be temporary (or, at least, less persistent than before the
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mid-1980s). However, having a look at the 2020:Q2-2022:Q2 data, one could argue that the
underrevision behavior (see figure 8A) and inflation persistence (see figure 8B) are striking
back.*? Although admittedly speculative, these findings suggest that central banks should
focus on their communication in the coming quarters if they want to reduce the current
inflation persistence. This theory is imperfect, however, since it abstains from cost-push
shocks and the bottlenecks arising from the input-output network of the economy. This
suggests avenues for follow-up research, in which belief formation frictions interact with
the input-output structure of the economy.
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Appendix A. Proofs of Propositions

Proof of Proposition 1. Under noisy information on the firm side, the individual price
policy functions are given by (9). Let us guess that the equilibrium output gap dynamics
will take the form of

(A1) V= aypy1+byproteyvy
Making use of the guess I can rewrite the price-setting condition as

kOc kKOD kOa
(A2)  pj= TgEitvt + TgEitPt—z + TgEitpt—l +(1-BOE;p; + BeEitpth

I now turn to solve the expectation terms in (A2). I can write the fundamental rep-
resentation of the signal process as a system containing (12) and (14), which admits the
following state-space representation

Z;=FZ; 1+ Ds;
(A3) ! i

v
t ] ,H=1andV¥ = [0 O-u} . It is convenient to
Uit

' €
with F = p, ® = [Ge 0})Zt:Vt) Sit = [

rewrite the uncertainty parameters in terms of precision: define 1t = 0—12 and 1y = #
A u
The signal system can be written as

_ O vy — % -1
(A4) xlt Et + Uuult = ]ze uZ

~1-pL } [Et] =M(@L)s;;, s ~N(O,I)

Uit

The Wold theorem states that there exists another representation of the signal process

(A4), x;;t = B(L)w;;, such that B(2) is invertible and w;; ~ (0, V) is white noise. Hence, I can

write the following equivalence

(AS) Xy = M(L)sit = B(L)wit
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In the Wold representation of x;;, observing {x;;} is equivalent to observing {w;;}, and {xf}
and {wf} contain the same information. Furthermore, note that the Wold representation
has the property that, using the equivalence (A5), both processes share the autocovariance
generating function, pyy(z) = M(2)MT(z71) = B(z)VBT(z1).

Given the state-space representation of the signal process (A25), optimal expectations
of the exogenous fundamental take the form of a Kalman filter, E;; v+ = AE;;_1v_1 + Kxj;,
where A = (I - KH)F, and K is given by

(A6) K=PHTV!
(A7) P=F[P-PHTVHP|F+ ®OT

I still need to find the unknowns B(z) and V. Propositions 13.1-13.4 in Hamilton (1994)
provide us with these objects. Unknowns B(z) and V satisfy B(z) = I + H(I - Fz)"'FK and
V =HPHT +WYWYT, I can write (A7) as

(A8) P?+P[(1- pz)aﬁ - Gg] - 0205 =0

from which I can infer that P is a scalar. Denote k = P! and rewrite (A8) as

2
0202k = [(1- p?)02 - 02]k+1 = k—; l—pz—z—ui\/[%—(l—pz)l +4:—u
£ £ £

I also need to find K. Now that I have found P in terms of model primitives, I can obtain K

using condition (A6), K = I can finally write A as

1k2

ko> 11 1 2
(A9) A= Uupzz— —+p+zi\/(—+p+z> -4
1+koy 2|p P P P

One can show that one of the roots A; » lies inside the unit circle and the other lies outside

as long as p € (0, 1), which guarantees that the Kalman expectation process is stationary

and unique. I set A to the root that lies inside the unit circle (the one with the -’ sign).

Notice that I can also write V in terms of A, V = k'l + 02 = where I have used the

?\T’

— pz — 1—7\z
Finally, I can obtain B(z) =1+ G2 (1Fkol)  1-p2”

ATy
-A)°

verify that B(z) VBT (z 1) = M(z)MT(z1).
Let us now move to the forecast of endogenous variables. Consider a variable f; =

and therefore one can

identity k = N

A(L)s;;. Applying the Wiener-Hopf prediction filter, I can obtain the forecast as E;; f; =
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[A@LMT(LHBL)], vIB(L)x;, where [+ denotes the annihilator operator.*3
Recall from condition (A2) that I am interested in obtaining E;;vt, E;; p;_o, Eit Ps_1, Eit Pr
I need to find the A(z) polynomial for each of the forecasted variables. I start

e
and E;; Pj p41-

from the exogenous fundamental, v, to verify that the Kalman and Wiener-Hopf filters
result in the same forecast. I can write the fundamental as v; = [ 1T?L 0} s;; = Ay(L)s;;. Let
—-p

me now move to the endogenous variables. In this case, I need to guess (and verify) that
each agent s policy function takes the form p7, = h(L)x;;.** The aggregate price level, given

by (6), can then be expressed as p; = (1-0) [ h(L)x;; di+0p;_; = (1- G)h(L)ma}’.
. -1 k
Using the guesses, I have p, ; = [(1_ 9)152% ()] sit = Ap(L)s;y and p;pyq =

1
D p(L)s;, = [TE?L (?(L)L) T2 h(L)] s;; = A;(L)s;;. I am now armed with the necessary

objects to obtain the three different forecasts,

_ orr-1v-1] w-lpry-l.. — L Aty 1-pL
E; v = [AV(L)MT(L )B(LY) ]+ VIB(L) L, = Ls T }\J A
_ [ du(L) 7\T 1-pL y(L) - dy(A) 7\T 1-pL _ R
- [ L-A ] p1- ALt~ L-A  pl- AL i (@) = 1-pz
AT 1 B A 1
(A10) " p(1= pA) T- ALY~ (1 ) 1-ALYE = GulD)xi
_ Ay -Iv-1] v-lprry-lo.. — h(L)LF"1 (1-0)At1-pL
Eie Pt = [ApuDMT (LB VB i = [(1- o) (E - N1 - eL)L o I-ALH
_ [fbn(L)] (1-0)Atl- pL _ Pn (L) - dr(A) 1-0)AT1- pL or(2) = h(z)z
L-A p  1-AL'H L-A o 1-AL 97 (1-p2)(1-02)
AT | (L)L w1 1-pL 1
=(1-0)-- [ oL N AT ovacen | Ao D@ on
(A11)
_ A\ [R@L)LF(1-pA)  RO)AKL(1-pL) 1 _
=(1-9) <1_5) 1-0L 1- 0\ ] (1—>\L)(L—A)xif_G2(L)xit
_ Avprr-Iv-11 v-lprry-lo. _ h(L) h(L)L-p)] Atyl-pL
FiePien = [ADMTABED T VB0 - Ls(l— oD@T-N @ TLL-N|, p L-ALH

43See Online Appendix H for more details on the Wiener-Hopf prediction filter and the annihilator
operator.

441n this framework agents only observe signals. As a result, the policy function can only depend on
current and past signals.
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WL)(L-p)]| | Atul-pL
+ x;
[Te(l pL)(L - 7\)} [TuL(L—%)L} p 1-AL"H

(L L - -
{[«bb >] [‘bz,z()] }mul Ly e =D = EED
A
p

L(L-A) L) e 1-AL w Te(1- p2) g Ty

0,00 03201 9100320 vy,
ANL-N) AL 0 1-AL i

h(L Ty L-p| h®) Ty A-p| ph(0)) 1-pL
= + + —_ X
{L Ls(l pL) L } L-A Lg(l-p)\) A } AL }1—>\L u

[ h(L) A 1-pA A(L-p) h(0)] 1- pL
_{ﬂ{(l p)l oL oL } L }1 A it = O30

(A12)

Recall the best response for a firm i, condition (A2). To be consistent with firm opti-
mization, the policy function h(z) must satisfy (A2) at all times and signals. Plugging the
obtained expressions and rearranging by h(z), I can write C ()h(=)x;; = dlz; h(A), h(0)]x;;,
where

C(z) = (z- BO)(1- 02)(z - N1~ Az) - 2°k0 (w +zay +z2by> (1- E) (1-pA)

KO
- 7\{([39 ~2)(1-09)(z - p) (z— %) I {(Be _2)(1-02) + xO (% +2ay +z2by) z} }
=AC(2)
and
dlz; h(\), h(0)] = Kece (1 _ 5) 2(z - A)(1 - 02) - h(0)BO( - p2)(z - \)(1 - 02)

(7\)m (1 %) kO (w +7\ay+7\2by) Z(l— pz)(l— Gz)

Notice that I can write polynomial C(2) in terms of its roots as
~ TKby -1 -1
C(=) = OA "o (2 - C)(z - C2)(z =97 )(2 - D7)

where (1, (, are the inside roots of C(z), and 9; and 9, are the reciprocals of the outside roots.
To have a causal h(z) polynomial, I need to eliminate the inside roots in its denominator,
AC(z). I choose h(0) and h(A) so that d[(y; h(0), h(A)] = 0 and d[(y; h(0), h(A)] = 0. As a result,

44



I can write

) _ KOATCy _ _ _
dlz; hO), ) = (=g — oy q oy @~ DE - - 02

and hence the policy function is

KCy 107 1-0z
1-0 (p-Tkby) (1- pC1)(A- ply) (1= 912)(1-922)

h(z) =

Finally, the aggregate price dynamics follow

ML) 9195 1 y
1-0L " "7 (p-Kby) (1- pCr)(1- plp) A= D1L)(A-DoL)

p:=(1-0)

I can therefore write inflation dynamics as

mit = (1- L) py = 01 +92) 7141 = D1027mpp + cpAwy

T191192
p-tkby)(1-pl1)(1-pl2)
(10) I can obtain output gap dynamics

where cp = kcy ( . Inserting inflation dynamics into the DIS equation

1 ~
Y= Onprt dnpry + 0Bt Yiwy + Bt prg - pr - Vo)

(cay+9-¢r)1+9)+dr+oby-9 (oay+9 - dr)d
= p bt1- . Pt
(A13) ~ 1-p(cp-ocy) —écay+8—d>ﬂ)cpw

To be consistent with our earlier guess (Al), it must be that

_1[o(1-D2) + dyl(O1 + 92 - 1- dp) + (1= D) (pr - D) (0 + D y)

Ly [o(1- 1) + by llo(L-0) + by
b = Do [o(1-01)(1-02) - B+ 92 - 1- dr) ]
Y [6(1-91) + dyllo(1-92) + byl

and two additional coefficients (cp, cy) irrelevant for persistence. Finally, I can rewrite the
C(z) polynomial as

a(z) = %{ -(PO-2)(1-02)(z-p) (1-pz2)-Tt2|(PO-2)(1-02) +z(1-0)(1- RO)

zKeﬁl[G(l-f}z) + G y]O1+ 02 - 1- ) + (1-9)(dr - V2)(0 + dy)

+z
[0(1-01) + dyllo(l-D2) + byl
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+2°k0

992[0(1-91)(1-92) - 1+ 92 -1~ dn) ]
[01-01) + dyllo(1-D2) + byl

]

C(forecast errory,revisiony)
V(revisiony)

the results from the proof of Proposition 1 that I can write the forecast error as

Proof of Proposition 2. 1 am interested in obtaining ey =

. Using

TU43,t = E{TEHSJ = Pr+3~ Pr1- E{(Pns - P-1)
_ ot P1L+ poL? + h3Ld + puLt
T A-AD(-9L)(A-0,L) 3
(1-&L)(1-EaL)(1-E3L)(1- &4L) eV
(1-AL)(1- 191L)(1 9,L) £+3

_ Po(A-E)(A- &)
(A -91)(A-)

= o

27"([%3 k(€3 + Ea)efip g+ Eaacyy 4]

_ o1 - &) -
A =-9)®1 - 192

k
Zﬁk[gtﬁ K~ (E3+ &a)efiy j + E3agyy ]

k

9 Vg -
N d)()( 2- al)( 2 52) 2192 € i3k — (£3+£4) Erro +ESE4£t+1 k]

(A =02)(D1-92)

(p- ?\)Cp _ (p=NcpA3-91-0,+AD1 9]

> &3 ooy aAsy > P4 =
and (&1, &0, &3, £4) are the reciprocals of the roots of the poly-

_ _ (1_1 _
where ¢g = cp, §1 = (X - 5) Cpy b2 =
A3HAHD AN =019 [A-(1-AH) p]

)\%)(1—?\‘31)(1—7\‘32)
nomial gg + 12 + Po2? + P32° + d4z*. The average forecast revision is given by

E{WHS,t - E{_17Tt+3,t = E{(Pﬁs - Pr-1) - E{_ (Pr+3 = Pr-1)
_ cp(p-A)(1-A%) oV
oA3(1= 9N (1= D) (1= AL)
NI-AH &=
_ cplp=A) Z }\k
p7\3(1 1917\)1 1927\

and I can finally write B¢y as

C(forecast errory, revisiony)
V(revisiony)
_ Ap(1-9A)(1-9)) { AA - EDA - E)(A - E3)(A - £4)
1-A(p -7 (A -91)(A-2)

Brev =
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_1-AY) D11 - E)O1 - E2) V1 - &3) (D1 — &4) | D2 (B2 - £1) (D2 — £2) (B2 - £3) (B2 - 64)} }
(1=A91)(A -91)(91 - 92) (1= Ad2)(A = 92) (91 - 92)

]

Proof of Proposition 3. 1start from the more general case studied in proposition Al. Under
no information frictions on the household side, we can write the characteristic polynomial
of (A20) as

(1-02)z

C2) = {-1)221- dr2)BOK(p - N1 - p)

+B[d yz - (1- 2)0][p(1- 62)(z - BO)(z - A)(1 - A2) - 2%(1 - ©)(1 - BO)(p ~ A)(1 - p7\)}
_ (1-62)zA
S

+B[dyz - (1-2)0][(1- 02)(z - BO)[(z - p)(1 - pz) + 2] - 2*(1- O)(1 - BG)T}

{(z - 1)2%(1 - dr2)BOKT

where C(z) has seven roots. Using the following relations,

C(0) =0

301 — B (0 — N}
e = -PMA GA);‘; NN g1 - AY1=Adr) + (1= BO)(L-B)Ay ~ (L= A)o]} < 0

c(p) = PHO=NVA=PIRA PPN 4o (o -1) + (B - p)I(1- D)0 - 1} >

C( o ):_ﬁeK(p—ma—px>02[(1—e>o+¢y1[o(¢ﬂ—1)—¢y]¢y< .

ot+dy p(o+dy)®
2 2
ey - P-021-BON- )by
po
2
c(pjo) = PP B)B {=BOK(B - 0)(p - A)(L- pA)(Bebr - 6)
(B - e>o+ By 1[p(1 - B)(L- 62)(0 - BA)(S - 0) - BO(L - )(1 - BO)(p - N)(1- o] }
<0
c(p) = PO - ‘p‘;’ff “NAZOD 1 - o)+ (1 By + (1= p)ol} >0,

we show that the seven roots are all real, four of them are between 0 and 1, and three of
them are larger than 1. To show that 9, is less than p, it is sufficient to show that C(p™1) > 0.
Since C(¥;) = 0, it has to be that 1911 is larger than p~L, or 9; < p. To show that 9, is more
than 0, it is sufficient to show that C(3/6) > 0. Since C(8,) = 0, it has to be that C(z) has a
zero between z =1 and z = 671, And thus, 1951 is smaller than p7!, or 9, > 0.

47



Taking the derivative of C(z) with respect to T, and evaluating that derivative at z = ﬁé‘,l
for g € {1, 2},

AC(OF") _ (0 9, PO = OAK(Or = 9g) + (1= BO)Iby + 01 9}
ot d ﬁgpc
-1 1
we obtain acgzl ) > 0and acéiz ) <o. Combining this with the earlier observation that

ocOF} ) . . . . .
ézg ) < 0 for g € {1, 2}, and using the Implicit Function Theorem, I infer that %; (9,) is

increasing (decreasing) in oy,.
O

Proof of Proposition 4. In the benchmark NK model the Phillips curve is given by (4), the
DIS curve is given by (10), the Taylor rule is given by (11) and the monetary policy shock
process is given by (12). Inserting the Taylor rule (11) into the DIS curve (10), one can write
the model as a system of two first-order stochastic difference equations, Axy = BEtxt+1+Cvt,
where x; = [y, m p;]Tisa3 x 1vector containing output, inflation and prices, A is a
3 x 3 coefficient matrix, Bis a 3 x 3 coefficient matrix and Cis a 3 x 1 vector satisfying

o+tdy dx 0 o 1 0 -1
A=| —« 1 o|l, B=|o p o], and C=|o0
0 0 1 0 -1 1 0

Premultiplying the system by A~ I obtain x; = 6E;X;4; + @V, where 6 = A™'Band ¢ = A™IC.
In the dispersed information framework, structural-form dynamics are given by Asx; =
Bsx;_1 + Csvi, where

]. 0 0 O —by a,y‘l' by Cy
As =0 1 -1}, Bs =10 0 -1 ) and Cs = 0
001 0 910 D +d-hd ~VrXn

with (ay, by, cy) defined in the proof of Proposition 1. Premultiplying by A;! I obtain the
reduced-form dynamics x; = Ax;_ + Bv, where A = Angs and B = A;lBS.
Using the Method for Undetermined Coefficients, the ad-hoc dynamics and the noisy

information dynamics are observationally equivalent if

Axs_1+Bvi = @vi + Swatxtﬂ + WpXp]

= @Vp+ 8w fEH(AXt + Bvpi) + WpXipg
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= @t + 0w p(Axy + BEve) + wpXeg
= @+ dw p(Axy + Bpvy) + wpXpy
= @Vp+ 8w f[A(AX1 + Bvy) + Bpve] + WX

= 6(.UfAA + (Ub] Xt t [(p + Swf(A + p)B] Vi
They are thus equivalent if

B- @ =8w(AB+pB)
(A14)
Wy = (Ig - Swa)A

for certain matrices w; and w ¢

Wpi11 Wp12 Dp13 Wr1 Wr12 Wra3
Wp= |Wpg Wpoy Wpoz| aNd Wr=lwpeo Wroy Weog
Wp31 Wp32 Wp33 Wr31 Wf3y W3z

The system of restrictions (Al4) implies that w1, = wp9; = wy3; = 0. I need to
multiply the system by A to back out the structural dynamics. In particular, I can write
inflation dynamics as 7t; = w171 + W py_y + KY; + W3E: Yy + WaE441 + WsEs pryq, Where

w1 = (Ub}zz— wa,lZJ w9 = (Ub}zg - K(,Ub}]_g, w3 = B(Uf}z:l, Wy = B(Uf’zz and Wsg = [5wa23. O]

Proof of Corollary 1. Using the model dynamics (A13)-(16), I can write

W2 Py_y + W3EL Vg + WsEt Pryy = Wa ppy + w3 [=byme + (ay + by) pr—yx yove] +
+ ws [919271: + (D1 + D2 - 9192) py — WrXnpVt]
= {ws919) - w3by + [ws(ay + by) + ws(d1 + 92 - H92)]} 171+
+{wy - (w5919 - w3by)(1-91)(1-97) + [walay + by) + ws(d + 9y = 9192)](O1 + 92 - N D2) } pryt
+ {~(ws59192 - w3by)haxn - [wi(ay + by) + w51 + 92 = 9192)[Wrxn — Pz yX y + WshrXn) | vt

and I can use the two degrees of freedom to set

w3zay+ ws(®1+99) =0

Wy = wsd1dy + wzby + (B + 92 - V1dr)(wzay + ws(dy +97)) =0 = wsd19 -~ w3by = wy

and where x = -[w3ay + w51 + 92 + P) VX - w3 yXy = -p(WsPraXr + W3 yXy). O
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Online Appendix
Appendix B. Robustness

B.1. Inflation Persistence

I begin our robustness analysis by considering alternative inflation measures. Figure OA.1 presents
the CPI and PCE series (together with the GDP Deflator) in growth rates. All inflation measures are
closely correlated. I report the correlation matrix across different subsample periods in Table OA.1.
The three main inflation measures exhibit a high and positive correlation in the pre-1985 period. In the
post-1985 period, there is a detachment between the GDP deflator and the two other price measures,
CPI and PCE, which still exhibit a high degree of correlation.

GDP Deflator
Pl

15 \ PCE

Inflation

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
Date

FIGURE OA.1. Time Series of GDP Deflator, CPI and PCE.

1968:Q4-2020:Q1

Variable GDP Deflator CPI PCE

GDP Deflator 1.00

CPI 0.86 1.00

PCE 091 096 1.00
1968:Q4-1984:Q4

GDP Deflator 1.00

CPI 0.83 1.00

PCE 0.88 0.92 1.00
1985:Q1-2020:Q1

GDP Deflator 1.00

CPI 0.63 1.00

PCE 0.71 096 1.00

TABLE OA.1l. Correlation matrix

Structural Break. 1repeat the structural break analysis discussed in the main body for CPI and PCE
inflation, and I find similar results in Table OA.2, with the structural change in dynamics being less
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(1) )

CPI PCE
1 0.793***  (.837+**
(0.0827)  (0.0672)
7Tt—1 X ]l{tzt*} -0.497“”< -0.434**>i<
(0.143) (0.117)
Constant 1.396** 0.990**

(0.542)  (0.431)

Constantx1gspq  0.370 0.283
(0.607) (0.477)

Observations 206 206

HAC robust standard errors in parentheses.
* p<0.10, ** p<0.05,*** p<0.01

TABLE OA.2. Regression table
evident in the core series.

Autocorrelation Function. I start with the most agnostic analysis of inflation persistence. Figure OA.2
plots the autocorrelation function for the three main inflation measures across subsamples. Focusing
on the second and third columns, I find evidence for a fall in the first-order autocorrelation for the
three measures. For instance, the first-order autocorrelation for all inflation measures in the pre-1985
sample is around 0.75, while the same statistic for the second period ranges from 0.5 to 0.3 depending
on the measure.

Rolling Sample. 1 compute rolling-sample estimates of an independent AR(1) process using a 14-year
window for the different inflation measures. Figure OA.3 plots the time-varying persistence parameter
pr with 95% confidence bands. The results suggest that there is time variation in the persistence of
inflation.

Unit Root Tests. Inspecting Figure OA.3, one could hypothesize that inflation was characterized by
a unit root process in the pre-1985 sample and not afterward. To investigate this, I proceed via a
cross-sample unit root analysis using both the Augmented Dickie-Fuller and the Phillips-Perron tests.
I report our results in Table OA.3, including the p-values of both unit root tests under the null of a
unit root. Focusing on the last two rows I find that, consistent with our previous evidence on the
first-order autocorrelation, the null hypothesis of a unit root series cannot be rejected by any of the
unit root tests conducted in the different inflation measures in the pre-1985 period. When I repeat a
similar analysis in the post-1985 period, I find a strong rejection of the null hypothesis, suggesting that
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FIGURE OA.2. Autocorrelation function of GDP Deflator (first row), CPI (second row) and PCE (last
row).

inflation can no longer be described as a unit root process. Having understood the close relationship
between the roots of the inflation dynamic process and its persistence, I can conclude that inflation
persistence fell in the post-1985 period.

Dominant Root. A further procedure of studying persistence that relies on the roots of the dynamic
process of inflation is the dominant root analysis. Consider the AR(p) process 7t; = p17;_1 + pa7s_n +
...+ ppmtp+ €], with companion matrix R( p). The root of the characteristic polynomial of R(p) with
the largest magnitude is the dominant root of interest. Notice that in the case of an AR(p) where p > 1,
the dominant root will depend not only on the first lag coefficient but on all of them. An AR(p) is
considered to be stable if all the roots of the characteristic polynomial of matrix R( p) have an absolute
value lower than 1. One can therefore proceed as in the unit root case, and study the dominant root of
the underlying inflation process over the different subsamples. I find that the dominant root in the
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1980q1 1990q1 2000q1 2010q1 2020q1 1980q1 1990q1 2000q1 2010q1 2020q1 1980q1 1990q1 2000q1 2010q1 2020q1
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[ lower/upper _bldeflator_m1]_| lower/upper _blcpi_m1] lower/upper _b[pce_m1]

A. GDP Deflator B. CPI C. PCE

FIGURE OA.3. First-order autocorrelation of GDP Deflator, CPI, and PCE, rolling sample (14y window).

! T T T T T T T T
198591 1990q1 199591 20001 200591 2010q1 2015q1 2020q1
date

| lower/upper _b[FR_Infl] |

FIGURE OA 4. Time-varying ¢g, ¢ in the CG regression (2) using a 14y window.

1968:Q4-1984:Q4 period is 0.870 and 0.841 in the 1985:Q1-2020:Q2 period, suggesting a moderate fall in
persistence.

B.2. Empirical Evidence on Information Frictions

Rolling Sample Regression. 1 obtain a rolling-sample estimate version of (2). Figure OA.4 plots the
rolling estimate g ; over time. The figure suggests that information frictions were reduced after
the 1980s, with a smaller local peak in the late 2000s, which coincides with the local peak in inflation
persistence in Figure OA.3.

Forecast Error response to Monetary Policy Shocks. Under FIRE, ex-ante average forecast errors should
be unpredictable by ex-ante available information. Therefore, the IRF of forecast errors to monetary
policy shocks should be insignificant. Coibion and Gorodnichenko (2012) show that forecast errors
react to several exogenous shocks to the economy. To study if the sensitivity of ex-post forecast errors
has changed after the 1985:Q1 structural break, I produce the local projection of Romer and Romer
(2004) monetary policy shocks on the average forecast error, forecast error;,; = Bpe} + By el X Lyspe +
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Variable Dickey-Fuller Phillips-Perron

1968:Q4-2020:Q1

GDP Deflator 0.3444 0.1104
CPI 0.1598 0.0001
PCE 0.2149 0.0038
1968:Q4-1984:Q4
GDP Deflator 0.1543 0.673
CPI 0.2109 0.0875
PCE 0.0584 0.0938
1985:Q1-2020:Q1
GDP Deflator 0.1237 0.0000
CPI 0.0081 0.0000
PCE 0.0151 0.0000

MacKinnon approximate p-values.

TABLE OA.3. Unit Root Tests for Inflation Measures.

vX; + us, where h denotes the horizon and X; includes four lags of Romer and Romer (2004) shocks
and four lags of forecast errors. I report the implied impulse responses in Figure OA.5. I find that the
IRF is positive in the pre-1985 period, suggesting that forecasts react less to monetary shocks than the
forecasted variable (see Figure OA.5A). After 1985, forecast errors do not react to monetary shocks,
suggesting that information frictions lessened (see Figure OA.5B). I show in Figure OA.5C that the
difference between the IRFs under the two regimes is significant.

Accounting for Unbalancedness. The number of respondents of the SPF has steadily decreased, from
around 90 respondents in the 1960s to around 40 nowadays. Using the quarterly average response
would overweight the recent period. To correct this, I

(A15) forecast error;; = arev + Prev revision; + ug,

where forecast error;, = M3 ¢ — Fjy7p43 ¢ is the individual ex-ante forecast error. I reproduce columns
1-5 of table 3 by using this alternative specification and find similar results, reported in table OA 4.

Disagreement. 1 define a measure of “disagreement” as the cross-sectional standard deviation of
forecasts at each time, disagreement; = o;(F;;7t+3¢). Under the assumption of common complete
information, disagreement should be zero since all agents would have observed the same past, their
information set would therefore be the same, and their expectation around a future variable should
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FIGURE OA.5. Impulse response function of average forecasts to monetary policy shocks.

coincide, provided that agents are ex-ante identical. As I observe in Figure OA.6, disagreement was
large around the 1980s, coinciding with the beginning of the Volcker activism and the lack of public
disclosure of the Federal Reserve decisions, and fell dramatically until the 1990s, stabilizing at that
level after the 1990s.

Under the assumption of sticky information, disagreement should react to monetary policy shocks,
since a share of agents has observed the shock. Again using local projections, I test this theoretical
prediction, disagreement;,, = Bpef + Bp.e} X Ly>p +vXt + uz, where h denotes the horizon and X;
includes four lags of Romer and Romer (2004) shocks and four lags of disagreement. I report the
implied impulse responses in Figure OA.7. I find do not find any evidence of a reaction of disagreement
to monetary policy shocks, consistent with noisy information and full information.

Livingston Survey. Using the Livingston survey on firms, I test for a structural break in belief forma-
tion around 1985:1. Since the survey is conducted semiannually, I estimate the following structural-
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(1) (2) 3) (4) (5)
CG Regression 1968:Q4-1984:Q4 1985:Q1-2020:Q2  Structural Break

Revision 1.703*** 1.131%%* -0.0854 1.850***  1.131"**
(0.153) (0.200) (0.138) (0.188)  (0.199)
Revision X 1g -0.833"**  -1.216"**
(0.264)  (0.243)
Constant -0.0392** 0.438*** -0.329*** -0.0719***  0.438™**
(0.0183) (0.0554) (0.0138) (0.0213)  (0.0554)
Constant X 1g;s 1 -0.767***
(0.0571)
Observations 6688 2294 4394 6688 6688

HAC robust standard errors in parentheses.
* p<0.10,** p<0.05,** p< 0.0l

TABLE OA 4. Estimates of regression (A15).

Disagreement
o ©
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o
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FIGURE OA.6. Cross-sectional volatility of (annual) inflation forecasts at each period.
break variant of (3)

(Al6) ot = EtTtan s = aog + (Bog + Bog Lirsty) (EtTtrea t — Er-aTian 1) + Ut

Our results, reported in the first column in Table OA.5, suggest a strong violation of the FIRE as-
sumption: the measure of information frictions, (3¢, is significantly different from zero. Secondly, a
significant estimate of 3¢, would suggest a break in the information frictions faced by agents. Our
results in the second column in Table 3 suggest that there is a structural break around the period in
which the Fed changed its monetary stance. Our result 3, < 0 suggests that agents became more
more informed about inflation, with individual forecasts relying less on priors and more on news. A
t-test under the null that 3¢ + B¢g,« = 0 has an associated p-value of 0.2156. I can therefore conclude
that information frictions on the CPI vanish, consistent with our findings on CPI persistence in Figure
OA.3B.

As a second exercise, I estimate (25) using the Livingston Survey data. Since the survey is only
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FIGURE OA.7. Impulse response function of forecast disagreement to monetary policy shocks.

conducted semiannually and only asks for 6m and 12m ahead forecasts I only consider the cases k = 2
and k = 4. Our results suggest no evidence of a structural break in k once I control for non-standard
expectations.

Appendix C. Extending Information Frictions to Households

In this section, I relax the FIRE assumption on households. I show in Online Appendix F that in such
case, the individual household policy function is given by

B ~ e .
(A17) Cip = ‘gEitrt +(1-B)E; e + BEjCi 1,  With ¥, = [ ¢ di

I still maintain the FIRE assumption on the monetary authority, which is not subject to information
frictions. In this case, the model equations are (A17), (9), (11) and (12).

Information Structure. To generate heterogeneous beliefs and sticky forecasts, I assume that the
information is incomplete and dispersed. Each agent [ in the group g € {household, firm} observes a
noisy signal x; o, that contains information on the monetary shock v¢, and takes the standard functional
form of “outcome plus noise”. Formally, signal x; 5, is described as

(A18) Xigt =Vt T Ogully gt with y; gt ™ N(0,1)
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Full Sample Structural Break

Revision 0.359* 0.384*
(0.210) (0.213)
Revision x ;> 44 -0.960**
(0.479)
Constant -0.173** -0.0826
(0.0829) (0.106)
Observations 148 148

HAC robust standard errors in parentheses
* p<0.10, ** p<0.05,** p<0.01

TABLE OA.5. Regression table.

GDP Growth Structural Break

V5 0.830%** 0.851***
(0.0475) (0.0444)
Vi X Loy -0.113
(0.0741)
e -0.116** -0.0599
(0.0536) (0.0611)
Observations 95 95

HAC (1 lag) robust standard errors in parentheses.
Instrument set: four lags of forecasts of annual
real GDP growth and annual GDP Deflator growth.
* p<0.10,** p<0.05,** p<0.01

TABLE OA.6. Regression table.

where signals are agent-specific. This implies that each agent’s information set is different, and
therefore generates heterogeneous information sets across the population of households and firms.
Notice that I allow for heterogeneity in the variance that each of the groups (households and firms)
face.

An equilibrium must therefore satisfy the individual-level optimal pricing policy functions (9),
the individual DIS curve (Al7), the Taylor rule (11), and rational expectation formation should be
consistent with the exogenous monetary shock process (12) and the signal process (A18).

The following proposition outlines inflation and output gap dynamics.

PROPOSITION Al. Under noisy information the output gap, price level and inflation dynamics are given by

(A19) a: = A(ﬁl: 192) 193)‘11“—1 + B(ﬁl) 192) 1(}Ei)vt

58



- T. . : . . .
where a; = [ Y Py ﬂt} is a vector containing output, price level and inflation, A(91,99,93) isa 3 x 3
matrix and B(91, 99, 93) is a 3 x 1 vector, where (81, 99, V3) are three scalars that are given by the reciprocal
of three of the four outside roots of the characteristic polynomial of the following matrix*

(A20) Clz) = [CH(Z) C12(Z)]

Co1(2) C22(2)

where
Cin(e) = {(z Bz - A1~ Mi2) - <1 - %) (1-pAy) (1 B (1 + %)) zz} (1-62)
Crate) =-(1-0) (1- ) (- pADzE 1= 1 )
Co1(2) = - (1 - %2) (1- pA2)(1- Sz)%zz

Cr2(2) = (2 - BO)(z ~ Ag)(L - Aa2)(1- 62) - (1~ 6) (1— %) (1- PAo)(1- BO)22

2
with Ag, g € {1, 2} being the inside root of the polynomial D(z) = 2% - (% +p+ ¢ ) z+1.

POgu

PROOF. By the end of this section. O

In the noisy information framework, inflation is intrinsically persistent and its persistence is
governed by the new information-related parameters 91, 9, and 93, as opposed to the benchmark
framework in which it is only extrinsically persistent, A(0, 0,0) = 0. The intuition for this result is
simple: inflation is partially determined by expectations (see condition (13) under noisy information,
or (4) under complete information). Under noisy information, expectations are anchored and follow
an autoregressive process (see (15)), which creates the additional source of anchoring in inflation
dynamics, measured by 9;, ¥, and 93.

Empirical Evidence on Household’s Information Frictions. There are now two different information
parameters to calibrate, since I allow for heterogeneity in information precision by group. To calibrate
the additional one, I use the Michigan Survey of Consumers’ annual forecasts of inflation.*® Consider
the average forecast of annual inflation at time ¢, E;T[t+3’t, where 7143 1 is the inflation between periods
t+3and ¢ - 1. I can think of this object as the action that the average consumer makes. A drawback
of this source of expectations data is that it is only available at a forecasting horizon of one year
and therefore revisions in forecasts over identical horizons are not available. Thus, I follow Coibion
and Gorodnichenko (2015a) and replace the forecast revision with the change in the year-ahead

4The other outside root is always equal to 0 and is canceled out.
46Each quarter, the University of Michigan surveys 500-1,500 households and asks them about their expectation of price
changes over the next year.
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forecast, yielding the following quasi-revision: revision; = Eyty43 + - Ey_1742 41 The average forecast
revision provides information about the average agent’s annual forecast after the inflow of information
between periods t and t-1. Recent research (Coibion and Gorodnichenko 2012, 2015a) has documented
a positive co-movement between ex-ante average forecast errors and average forecast revisions.*’

Formally, the regression design is
(A21) forecast errory = arev *+ Prev revisions + u;

The error term now consists of the rational expectations forecast error and Brev(ﬁi_lm_l - Eg7tt+3)
because forecasts horizons do not overlap. I therefore rely on an IV estimator, using as an instrument
the (log) change in the oil price.*8

Notice that a positive co-movement (Brev > 0) suggests that positive revisions predict positive
forecast errors. That is, after a positive revision of annual inflation forecasts, consumers consistently
under-predict inflation. The results, reported in the first column in Table OA.7, suggest a strong
violation of the FIRE assumption: the measure of information frictions, Prev, is significantly different
from zero. Agents underrevise their forecasts: a positive rey coefficient suggests that positive revisions
predict positive (and larger) forecast errors. In particular, a 1 percentage point revision predicts a
1.012 percentage point forecast error. The average forecast is thus smaller than the realized outcome,
which suggests that the forecast revision was too small, or that forecasts react sluggishly.

Following the previous analyses on inflation persistence, I assume that the break date is 1985:Q1. I
test for the null of no structural break in inflation dynamics around 1985:Q1.4° I cannot the null of
no break (p-value = 0.60). Following a similar structural break analysis as in Section 2.1, I study if
there is a change in expectation formation (stickiness) around the same break date. Formally, I test
for a structural break in belief formation around 1985:Q1 by estimating the following structural-break
version of (A21),

(A22) forecast error; = arey + (Brev + Prevs1 {tzt*}) revision; + uy

A significant estimate of rev« suggests a break in the information frictions. The results in the second
column in Table OA.7 suggest that there is no structural break around 1985:Q1.

Results. Icalibrate the two information volatilities o7, and o9, to match jointly the empirical evidence
on forecast sluggishness in Tables 3 and OA.7. This results in oy, = 13.535 and oy, = 12.041 in the
pre-1985 sample, and o7, = 12.041 and o9, = 0.018. In the pre-1985 period, the model-implied inflation
first-order autocorrelation is p;; = 0.808. In the post-1985 period, inflation persistence falls to 0.709.

41 used the first-release value of annual inflation, since forecasters did not have access to future revisions of the data.

48Coibion and Gorodnichenko (2015a) argue that oil prices have significant effects on CPI inflation, and therefore are sta-
tistically significant predictors of contemporaneous changes in inflation forecasts and can account for an importantshare
of their volatility.

49If I instead are agnostic about the break date(s), the test suggests that there is no such break.
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1) )
All Sample Structural Break

Revision 1.012%*** 1.706*
(0.299) (1.018)
Revision X Ly -1.083
(1.066)
Constant -0.571%** -0.571%**
(0.181) (0.180)
Observations 182 182

Standard errors in parentheses
* p<0.10, ** p<0.05,** p<0.01

TABLE OA.7. Regression table
The fall is smaller because the output gap, which is still intrinsically persistent because of households’
information frictions, reduces the overall effect of the fall in firm information frictions. Comparing our
model results to the empirical analysis in Tables 1 and 2, I find that the noisy information framework
can explain around 1/3 of the point estimate fall.

Proof of Proposition Al. Recall the policy functions

P Bd ~  BA+o ) B
(A23) ;= TnEitpt—l + (1 - —y Eir Ve - Tﬂ itPrt — Etht+1 GEitVt + BE¢; 111

k0 ~
(A24)  py= (1= BO)Ej py + 15 Eje e + BOE 1 14y

I now turn to solving the expectation terms. I can write the fundamental representation of the signal
process as a system containing (12) and (14), which admits the following state-space representation

Z;=FZ; 1+ Ds
(A25) gt
Xigt = HZ; +lllgslgt

v

€
with F = p, @ = [o‘e 0} Z =i, Spgr = [ t ], H=1,and ¥g = [0 O-gu} . It is convenient to rewrite
U

gt

the uncertainty parameters in terms of precision: define T, = 12 , Tgu = % , and g = =, The signal
Ogu
system can be written as

-1

o

v

3 -1 €t

(A26) xlgt = mﬁ}/ + O'guU.lgt = |:1’E€p2L Tglzl:| [ul t] Mg(L)slgt) Slgt ~ N(O) I)
8

The Wold theorem states that there exists another representation of the signal process (A26), x; ot =
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By (L)w; g such that Bg(2) is invertible and wy,; ~ (0, V) is white noise. Hence, I can write the
following equivalence:

(A27) Xy gt = Mg(L)$) 51 = Bg(L)wy oy

In the Wold representation of x; gt observing {x; gt} is equivalent to observing {w; gt}, and {xfg} and {wfg}
contain the same information. Furthermore, note that the Wold representation has the property that
both processes share the autocovariance generating function, pg%x(z) =M g(z)MéT, (z1) = Bg(2) Vng (z D).
Given the state-space representation of the signal process (A25), optimal expectations of the exogenous
fundamental take the form of a Kalman filter E;ov: = AgEj;_1ve1 + KgX; o, Where Ag = (I - KgH)F, and

Ky is given by
— -1
(A28) Ky = P,HV,
(A29) Py = F[Py - P;HTV,'HP|F + © DT

I still need to find the unknowns Bg(z) and V. Propositions 13.1-13.4 in Hamilton (1994) provide us
with these objects. Unknowns Bg(z) and Vg satisfy Bg(z) = I+ H(I - Fz)‘lFKg and Vg = HPgHT +‘1’g‘1’§.
I can write (A29) as

(A30) Pé + Pg[(1- pz)Géu - 0?]- O‘%(Yéu =

from which I can infer that Pg is a scalar. Denote kg = Pgl and rewrite (A30) as

T 2
Uﬁuﬁgké =[(1- pz)Uéu - Ug]kg +1 = kg = 78 {1— p2 -Tg £ \/[Tg -(1- pZ)] + 4Tg}

I also need to find Kg. Now that I have found Pg in terms of model primitives, I can obtain Ky

using condition (A28), Ky = 1+k+‘2 I can finally write Ag as
§Ogu
k02 2
(A31) ;\g:g_g”s:l l+p+T_gi\/(l+p+T_g) 4

One can show that one of the roots A, [; o) lies inside the unit circle and the other lies outside as long
as p € (0,1), which guarantees that the Kalman expectation process is stationary and unique. I set
Ag to the root that lies inside the unit circle (the one with the ‘-’ sign). Notice that I can also write Vg

g
and therefore one can verify that Bg(z) Vng, zhH=M g(z)MéT, (z) —

. . . A . .
in terms of Ag, Vg = k™1 + Géu = % , where I have used the identity kg = pg_Tf”. Finally, I can obtain

— pz — ].—7\gZ
Bgle) =1+ ooz, ~ e
(p - }\g)(l - p}\g) = }\ng.

Let us now move to the forecast of endogenous variables. Consider a variable f, =
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A(L)s;g;- Applying the Wiener-Hopf prediction filter, I can obtain the forecast as Ejf;
[A@MT(LHBL), vIB(L) 1 gt» Where []+ denotes the annihilator operator.

Recall from conditions (A23)-(A24) that I am interested in obtaining E; Vs, Byt P, Epgr Vit
k = {-1,0,1}, Ejgc; 441 and Epgy pz ++1- Just as I did in the example above, I need to find the A(z)
polynomial for each of the forecasted variables. Let us start from the exogenous fundamental v; to

verify that the Kalman and Wiener-Hopf filters result in the same forecast. I can write the fundamental

as vt = 1T£2L ol Sit = Av(L)s;;. Let me now move to the endogenous variables. I start from the
—p

household side. I need to guess (and verify) that each firm j’s policy function takes the followmg

form: ¢;; = hy(L)x;1;- Aggregate output can then be expressed as y, = [ hy(L)x;1; dj = hy(L) 1—pL€t'

1
. ~ _ _ _ (1) —
Using the guesses, I have y; ; = [hl(L)Llefsz O} siie = Ayr(L)s;y; and Cztﬂ = 1( L=My(L)s;q; =
1
{hl(L) — 7,2 h1(L)} 71t = Aj1(L)s;1;- Let me now move to firms. In this case I need to guess (and

verify) that each firm j’s policy function takes the following form: p;‘t = hy(L)x;,;. The aggregate
1

price level can then be expressed as p; = (1- G)hz(L)ﬁieL)e‘t’ Using the guesses, I have p;_; =

-3 _ _ (L) _
[(1 0)t, 2 % o} Sio1 = A p(L)$yp; and pf ;) = 2(L) My (L)s; o, = [TSZL%%)L) Tzzhz(L) Sipp =

A;5(L)s;o;. I am now armed with the necessary objects in order to obtain the five different forecasts,
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Recall the best response for household i and firm j, conditions (A23)-(A24). In order to be consistent
with agent optimization, the policy functions hg(z) must satisfy (A23)-(A24) at all times and signals.
Plugging the obtained expressions, I can write
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hg(2) = gGig(2) + BgGsg(2) + Z giGoj(2) + Z VgiG3j(2) + Z 47Gaj(2)
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Where@lz‘%)ﬁlzB:Hll—O;HIZ—%;YH:l B( ﬁ)ﬂ/ Z-M , 01 =0, 0612=E 01=0,

®2=0, B2 = PO, 1 =0, pp =0, Y21 = =5, v22 = 1- PO, &g1 = 0, axp = 0 and 0, = . Multiplying both
sides by z(z - Ag)(1 - Agz)(1- 012)(1 - 022) I obtain
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Rearranging the LHS by hg(z),
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and the RHS can be rewritten as

A
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C(2)h(2) = d(z), where
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Ag

ocg]-] h]-(?\g). I can write the system in matrix form as

@ = -1 80) (1= ) (1= A1 - 0g2) =" + s + g
dg(z) = {(pg <1 - }\Fg) 2(z = Ag) = hg(0)Bg(z - Ag)(1 - pz) - ilgz(l - pz)] (1-6012)(1-692)
Cancelling out parameters equal to zero to simplify the expressions, I can write
C11(2) = {(Z -B(z-A)A-7A2) - (1 - %) (1-pA)Y112 } (1-692)
C12(2) = -(1-69) (1 - %) (1- pAD)2(u1222 + V122 + 019)
Co1(2) = - (1— %) (1-pAg)(1- ezz)y21z
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a(2) = [«m (1 _ %) (e~ M) - B (0)B1(z ~ A)(L p2) ~ Tzl - pz)} (1-852)

d3(2) = |~hg(0)Balz - A)(1- p2) - haz(1- p2)| (1-02)
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and the solution to the policy functions is given by h(z) = C(z)'d(z) = 32{ ggg d(z).

Note that the degree of C(z) is 8, given that 8; = 0. Denote the inside roots of detC(z) as
{C1, Co, ..., (ny } and the outside roots as {811, 1‘}51, ey 19%}. Because agents cannot use future signals, the
inside roots have to be removed. Note that the number of free constants in d is 4: {h4(0), flg}g,:l. For
a unique solution, it must be the case that the number of outside roots is 1y, = 4. Also note that by

Cramer’s rule, hg(2) is given by

[d1<z> C12(Z)] [cmz) dl(z)]
et det
dy(z) Co2(2) Co1(2) da(2)

i (z) = det C(z) o @)= det C(z)

The degree of the numerator is 7, as the highest degree of dq(2) is 1 degree less than Cgg(2). By choosing
the constants {hg(0), ﬁg}ézp the 4 inside roots will be removed. Therefore, the 4 constants are solutions
to the following system of linear equations®°

det [dl(cn> C12(Cn)

=0, for {Cn}i:
d(Cn) C22(Cn)] '

where ny = 4. After removing the inside roots in the denominator, the degree of the numerator is 3
and the degree of the denominator is 4. As a result, the solution to hg(z) takes the form

1T)gl + 1BgzZ + 1BgSZZ + $g4zs
(1-912)(1-922)(1-932)(1 - V42)

hy(2) =

Given the model conditions, I have that 94 = 6. I can write

o) = Lt P2t t bgae? + 0 bgale gz gz o)

£ (1-92)1-922)(1-932)(1-02) (1-92)(1-922)(1-932)(1-02)
_ ~Wbgangingangs(l- ”;&Z)(l - ﬂglzz)ﬂ - T@%Z) _ _1~bg4nglng2ng3(1 - £012)(1- Eg22) (1 - £g37)
- (1-2)(1-992)(1-932)(1-02) - (1-92)(1-992)(1-932)(1-02)

where (ng1, Ng2, Ng3) are the roots of 1IN)g1 + ﬁ)gzz + 1Nbg3z2 + 1N|)g4z3. I also have that £13 = £99 = £93 = 0.
Hence, I can write

“Pranimiznis(l- £112) 1 - £122) (1-&112)(1-&122) y
(1-912)(1 - 922)(1 - 932) (1-912)(1-922)(1- D32)

9\ 1 9\ 1 9\ 1
= 1- -1 + 1- 2 + 1- =2
P11 ( o > l—ﬁlzvt P12 ( 0 ) 1—192zvt P13 ( 0 ) 1_83ZVt
= Y1191 + V1290 + Y1393

0The set of constants that solve the system of equations for h;(2) also solves it for hy(z), since {Cn}‘,‘lzl are roots of
det C(2), leaving vectors in C(C,) being linearly dependent.

Vi =M@ = vt =
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_ —P2aMarmaznas(1- 0)(1 - £912) 1- &% y
(1-912)(1-922)(1-032) '

(1-912)(1-D22)(1-932)
%

9\ 1 9\ 1 1
= 1- = + 1-—-= + 1-—
11’21( p) 1—81th Y] ( p) 1_8221& U3 < p) 1_8321&

= Po191¢ + Wagdos + Yozday
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Py = A= 0)ho(=) 15w Ve = da

Using mt; = (1- L) p;, I can write

_ 1-2  —Pognomoomnoz(1-0)(1-Enz)1-2) (1-&212)(1-2)
e = (1= O)ha(2) 5 vt = (1-912)(1 - 922)(1 - 932) = P25 - 992) - 932
- _h) 1 AN _h) 1
=13 (1 p) 1—81zvt+¢32 (1 p) 1—82zvt+¢33 (1 p) 1—193th
= D319 + W3oDor + V3393

I can finally write

Vi Y11 Y12 Yz |Vt
ar= | py| = Q%= |ha1 Va2 Woz| Do
3 P31 P32 P33| |Var

where

Vg (1= HL) = (1‘ f) vi = Vg = st <1‘ Fk) vt

which I can write as a system as 9 = /\§t_1 +I'vt, where

9, 0 0 1-%
A=10 9 0|, T=][1- %2
0 0 93 1- %
Hence, I can write
(A36) a; = Q0; = Q(AB;_1 + Tvg) = QAB; + Ql'vy = QAQ a;_; + QIvy = Aay_1 + BEy

Appendix D. Persistence in New Keynesian Models

In this section, I study the determinants of inflation persistence in a structural macro framework.
I show that the empirical findings documented in the previous section present a puzzle in the NK
model. I cover a wide range of NK frameworks and show that they cannot explain the fall in inflation
persistence in an empirically consistent manner.
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D.1. Structural Shocks

In the benchmark NK model, in which agents form rational expectations using complete information,
the demand (output gap) and supply side (inflation) dynamics are modeled as two forward-looking
stochastic equations, commonly referred to as the Dynamic IS (DIS) and New Keynesian Phillips
(NKPC) curves.’! Nominal interest rates are set by the Central Bank following a reaction function
that takes the form of a standard Taylor rule. The Central Bank reacts to excess inflation and output
gap and controls an exogenous component, v¢, which follows an independent AR(1) process which
innovations are treated as serially uncorrelated monetary policy shocks.

Inserting the Taylor rule (11)-(12) into the DIS curve (10), one can write the model as a system of
two first-order stochastic difference equations that can be solved analytically. In particular, inflation
dynamics satisfy

(A37) T = Ve = P71 — P70 E}/

where 1 is given by (17), and output gap dynamics are given by y; = - yvr = py,_1 - yoee}, by
defined in Online Appendix G. Notice that inflation is proportional to the exogenous shock. As a result
inflation will inherit its dynamic properties from the exogenous driving force.>? A final implication
is that inflation is only extrinsically persistent: its persistence is determined by the vy AR(1) process’
persistence.

In order to explain the fall in the persistence of inflation I discuss each causal explanation sepa-
rately. First, I explore whether there has been a change in the structural shocks affecting the economy.
I show that these exogenous forces’ dynamics have been remarkably stable since the beginning of the
sample. Second, I investigate if a change in the monetary stance around 1985:Q1, for which Clarida et
al. (2000); Lubik and Schorfheide (2004) provide empirical evidence, could have affected inflation
dynamics. I show that the change in the monetary stance can explain the fall in volatility but has
null or modest effects on persistence. Finally, I explore if changes in intrinsic persistence, generated
via backward-looking assumptions on the firm side, have a sizeable effect on persistence. As in the
previous case, I show that these have only marginal effects.

I documented in Section 2.1 that inflation persistence and volatility fell in recent decades. The NK
model suggests that such a fall is inherited from a fall in the persistence of the monetary policy shock
process. I now seek to find evidence on the time-varying properties of such persistence.

Persistence. The challenge that the econometrician faces is that she does not have an empirical proxy
for vt. The monetary policy shocks estimated by the literature are not serially correlated, and are

5IThe model derivation is relegated to Online Appendix F.

520ne can also notice that the benchmark model predicts that output gap and inflation are equally persistent, and their
dynamics will only differ due to the differential monetary policy shock impact effect, captured by \, and . Another
implication is that the Pearson correlation coefficient between the output gap and inflation is equal to 1, an aspect rejected
in the data.
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(1) (2)
Full Sample Structural Break

i 0.942%** 0.930***
(0.0155) (0.0424)

it—l X ﬂ{tzt*} 0.0124
(0.0539)

Constant 0.117 0.236
(0.101) (0.415)

Constant i;_1 X Ly -0.122
(0.381)

Observations 202 202

HAC robust standard errors in parentheses
* p<0.10, ** p<0.05,*** p<0.01

TABLE OA.8. Regression table.

therefore a better picture of the monetary policy innovation, e}’.53’54 However, one can use the model
properties and rewrite the Taylor rule (11) using the AR(1) properties of (12), as

(A38) it = pig1 + (Prre + Sy yy) — 0 (Grmreor + Gy Vpq) + Oeeyf

where the error term is the monetary policy shock.>® Hence, an estimate of the first-order autoregres-
sive coefficient in (A38) identifies the persistence of the monetary policy shock process.®® I test for a
potential structural break in the persistence of the nominal interest rate process, described by (A38),
around 1985:Q1. I use GMM and estimate it = o + ot; , Lip> g + Pile-1 + 0; w11 L) +YX¢ + Ug, Where
X; is a set of control variables that includes current and lagged output gap and inflation.>” I report
the results in the first column of Table OA.8. I then report its sytuctural break version in the second
column. There is no evidence for a decrease in the persistence of the nominal interest rate (and thus,
the persistence of the monetary shock process) over time.

53In fact, the process v is a model device engineered to produce inertia yet still allows us to obtain a tractable solution.
If inertia is directly introduced in the nominal interest rate equation, I would not be able to obtain a tractable solution
(A37) since the system would also feature a backward-looking term whose coefficients would depend on the roots of a
quadratic polynomial.

>4For example, Romer and Romer (2004) use the cumulative sum of their estimated monetary policy shocks to derive
the IRFs.

>SUsing the lag operator, I can write the monetary policy shock process (12) as v = (1 - pL)Le?. Introducing this last
expression into (11), multiplying by (1 - pL) and rearranging terms, I obtain (A38).

6Qur measure of the nominal rate will be the effective Fed Funds rate (EFFR), calculated as a volume-weighted median
of overnight federal funds transactions, and is available at a daily frequency. I use the quarterly frequency series.

’The instrument set includes four lags of the Effective Fed Funds rate, GDP Deflator, CBO Output Gap, labor share,
Commodity Price Inflation, Real M2 Growth, and the spread between the long-term bond rate and the three-month
Treasury Bill rate.
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Parameter Description Value Source/Target

Pa Technology shock persistence 0.9 Gali (2015)
Pu Cost-push shock persistence 0.8 Gali (2015)
Oca Technology innovation pre-1985 1 Gali (2015)
Ocu Cost-push innovation 1 Gali (2015)

TABLE OA.9. Persistence and Volatility Parameters

This set of results is inconsistent with the NK model, since the model suggests that the empirically
documented fall in inflation persistence can only be explained by an identical fall in nominal interest
rates persistence.

Additional Structural shocks. In the model studied above, I have only considered monetary policy
shocks. It could be the case that other relevant shocks have lost persistence in recent decades, and
could thus explain the fall in the persistence of inflation. I additionally consider demand (technology)
and supply (cost-push) shocks. In this case inflation dynamics follow

(A39) 7t = VvV + Uraar + Wy Uiy

where a; is the technology shock, u; is the cost-push shock, Py for x € {v, a, u} are scalars that depend
on model parameters, defined in Online Appendix G, and shock processes follow respective AR(1)
processes Xt = pxX¢—1 + €7 . In this framework with multiple shocks, I consider inflation persistence as
the first-order autocorrelation coefficient p; as

p ll)T[V £’V+p ll)T[a sa+p 1'I)7Tu eu

(A40) 1= 1-p3 1-p3 1-pg
lpm/(fsv + ‘l—’nagsa + Ur’ﬂugeu
1-p3 1-p3 1-p3

Using different measures of technology shocks from Fernald (2014); Francis et al. (2014); Justiniano
et al. (2011) and cost-push shocks from Nekarda and Ramey (2020), there is no empirical evidence
supporting a fall in their persistence. Additionally, I find that an increase in ¢, from 1 to 2, as the one
documented by Clarida et al. (2000), can only generate a fall of 0.003% in the first-order autocorrelation
(A40). Finally, a fall in the volatility of cost-push shocks with respect to the volatility of the other two
shocks can explain a fall in the first-order autocorrelation from 0.8 to 0.745 when o¢;, = 0, insufficient
to explain the documented fall. Therefore, I rule out these explanations.

Technology Shocks. In this section I rely on the vast literature on technology shocks, dating back
to Solow (1957); Kydland and Prescott (1982). Early work in the literature generally assumed that a
regression on the (log) production function reports residuals that can be interpreted as (log) TFP
neutral shocks, as the one discussed in this section. Due to endogeneity concerns between capital
and TFP, the literature moved forward and estimated TFP shocks through different assumptions
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FIGURE OA.8. TFP dynamics

and methods. In this new wave, Gali (1999) used long-run restrictions to identify neutral technology
shocks by assuming that technology shocks are the only that can have permanent effects on labor
productivity. Following this idea, Francis et al. (2014) identify technology shocks as the shock that
maximizes the forecast error variance share of labor productivity at some horizon. Basu et al. (2006)
instead estimate TFP by adjusting the annual Solow residual for utilization (using hours per worker as
a proxy), and Fernald (2014) extended the series to quarterly frequency. Finally, Justiniano et al. (2011)
obtain technology shocks by estimating a NK model, incorporating other technology-related shocks
such as investment-specific technology and marginal efficiency of investment shocks. Ramey (2016)
compares the shocks, and shows that the IRFs of standard aggregate variables after the each shock
series are similar. In particular, Francis et al. (2014) and Justiniano et al. (2011) produce remarkably
similar IRFs of real GDP, hours and consumption.

I plot the different series in Figure OA.8. Notice the difference between the left and right panels:
while Fernald (2014) estimates directly (log) technology a;, Francis et al. (2014); Justiniano et al.
(2011) estimate the technology shock e£. I overcome the difficulty with the estimation of technology
persistence by estimating persistence in the natural real interest rate process. In the standard NK
model, the natural real rate is given by (A59), which can be rewritten using the AR(1) properties of
the technology process as

(A41) = parity - o (1 - pg)ed

I use the Federal Reserve estimate of the natural interest rate series, produced by Holston et al. (2017),
as the proxy for r}*. Table OA.10 reports the results. The first two columns report the (direct) estimate
of the technology process (A51) persistence and its structural break around 1985:1, while columns
three to six report the estimate of the natural real rate process (A41) using the technology series
constructed by Francis et al. (2014); Justiniano et al. (2011), respectively. I do not find any evidence of
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FIGURE OA.9. Markup series
a fall in technology persistence over time.

Cost-push Shocks. In the benchmark NK model with monopolistic competition among firms, cost-
push shocks are interpreted as the deviation from the desired time-varying price-cost markup, which
depends on the elasticity of substitution among good varieties. Nekarda and Ramey (2020) estimate
the structural time-varying price-cost markup under a richer framework than the benchmark NK
model. In particular, they consider both labor and capital as inputs in the production function. They
argue that measured wages are a better indicator for marginal costs than labor compensation, and
provide a range of markup measures depending on the elasticity of substitution between capital and
labor. As a result, they obtain markup estimates either from labor side or the capital side. Since our
model does not include capital, I will rely on the labor-side estimates. Figure OA.9 plots two different
measures of the cost-push shock. In the first, the authors rely on a Cobb-Douglas production function
in order to estimate the markup, while in the second the authors rely on a CES production function,
estimating labor-augmented technology using long-run restrictions as in Gali (1999). I therefore
estimate the first-order autocorrelation using these two measures. Our results are reported in Table
OA.11. Columns one and two report the estimates based on the Cobb-Douglas production function,
while columns three to four report the estimates based on the (labor-side) CES production function. I
find no evidence of a change in cost-push persistence over time

D.2. Monetary Stance

I now consider exogenous changes in the reaction function of the monetary authority. Let us first
consider the benchmark framework, with inflation dynamics described by (A37). I already argued
that changes in the policy rule do not affect inflation persistence. Let us now consider extensions of
the benchmark model that could explain the fall in inflation persistence.
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Cobb-Douglas Structural Break  CES  Structural Break

Markup;_; 0.945%** 0.936*** 0.963*** 0.947***
(0.0246) (0.0309) (0.0234) (0.0253)
Markupt_l X ﬂ{tzt*} 0.00246 0.00480
(0.00444) (0.00425)
Constant 0.0280** 0.0316** 0.0189 0.0252**
(0.0125) (0.0147) (0.0117) (0.0121)
Observations 195 195 195 195

HAC robust standard errors in parentheses
* p<0.10, ** p<0.05,** p<0.01

TABLE OA.11. Regression table

Indeterminacy. 1begin by considering a hypothetical change in monetary policy, conducted via the
Taylor rule (11)-(12). The previous literature has considered the possibility of the Fed conducting a
passive monetary policy before 1985, which in the lens of the theory would lead to a multiplicity of
equilibria. For example, Clarida et al. (2000) document that the inflation coefficient in the Taylor rule
was well below one, not satisfying the Taylor principle. Lubik and Schorfheide (2004) estimate an NK
model under determinacy and indeterminacy and argue that monetary policy after 1982 is consistent
with determinacy, whereas the pre-Volcker policy is not. I study if this change in the monetary stance
could have affected inflation persistence.

In order to obtain the model dynamics, I set parameters to the values reported in Table 5, with the
exception of ¢r. For the indeterminate case I set ¢ ;,q = 0.83, the estimate reported by Clarida et
al. (2000). I find that inflation dynamics are more persistent in the indeterminacy region, with an
autocorrelation of 0.643, falling to 0.5 in the determinacy region after the mid-1980s.%® This could
explain more than 50% of the overall fall in inflation persistence. Another interesting result is that,
even in the case of multiple equilibria arising from non-fundamental sunspot shocks, the first-order
autocorrelation coefficient is unique.

Optimal Monetary Policy under Discretion. The second extension that I inspect is an optimal monetary
policy under discretion. I show that an increase in ¢, can be micro-founded through a change in
the monetary stance in which the central bank follows a Taylor rule in the pre-1985 period, while
it follows optimal monetary policy under discretion in the post-1985 period. In such case, inflation
dynamics follow (A39) in the pre-1985 period, and 7; = py7m;_; +14¢} in the post-1985 period, where
14 is a positive scalar that depends on deep parameters and inflation persistence is inherited from
the cost-push shock. Compared to the pre-1985 dynamics, described by (A39), there is no significant

8For the model derivation, I refer the reader to Online Appendix G.
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Model
Persistence Pre 1985 Post 1985

Indeterminacy  0.643 0.5
Discretion 0.799 0.800
Commitment 0.799 0.400

TABLE OA.12. Summary

change in inflation persistence: in the pre-period, model persistence is around 0.80,%° while in the
post-period persistence is around 0.80.°0 Therefore, such change in the policy stance would have

generated an increase in inflation persistence, which rules out this explanation.

Optimal Monetary Policy under Commitment. Consider the benchmark NK model with the optimal
monetary policy under commitment. Under commitment, the monetary authority can credibly
control households’ and firms’ expectations. In this framework, inflation dynamics are given by m; =
P + Ay, where pe and 1. are positive scalars that depend on deep parameters, Auy = up - uyq
is the exogenous cost-push shock process, with p. governing inflation intrinsic persistence. Using
a standard parameterization I find that p. = 0.310, which suggests that this framework, although it
produces an excessive fall in inflation persistence, could explain its fall. Its main drawback is that its
implied Taylor rule in the post-1985 period would require an increase in ¢ from 1 to 4.5, as I show in
Online Appendix G, which is inconsistent with the documented evidence in table OA.8 Panel A.

Summary. Isummarize in table OA.12 the findings in this section, concluding that changes on the
monetary stance are either insufficient or inconsistent with empirical evidence.

D.3. Intrinsic Persistence

The main reason for the failure in explaining the change in the dynamics in the benchmark NK model
is that the endogenous outcome variables, output gap, and inflation, are proportional to the monetary
policy shock process and thus inherit its dynamics. This is a result of having a pure forward-looking
model, which direct consequence is that endogenous variables are not intrinsically persistent, and
their persistence is simply inherited from the exogenous driving force and unaffected by changes in
the monetary stance. I, therefore, enlarge the standard NK model to accommodate a backward-looking
dimension in the following discussed extensions, including a lagged term in the system of equations.

Price Indexation. Iconsider a backward-looking inflation framework, “micro-founded” through price
indexation. In this framework, a restricted firm resets its price (partially) indexed to past inflation,
which generates anchoring in aggregate inflation dynamics. In such a framework, inflation dynamics

»Measured by the first-order autocorrelation of (A39).
60The estimated persistence of cost-push shocks, py, is constant throughout both periods, as I document in Table OA.11.
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are given by 7; = p 71 + V. In this framework inflation intrinsic persistence is increasing in the
degree of price indexation w, as I show in Online Appendix G. A fall in the degree of indexation could
explain the fall in inflation persistence. However, the parameterization of such a parameter is not a
clear one. Price indexation implies that every price is changed every period, and therefore one could
not identify the Calvo-restricted firms in the data and estimate w. As a result, the parameter is usually
estimated using aggregate data and trying to match the anchoring of the inflation dynamics, and its
estimate will therefore depend on the additional model equations. Christiano et al. (2005) assume
w = 1. Smets and Wouters (2007) estimate a value of w = 0.21 trying to match aggregate anchoring
in inflation dynamics. It is hard to justify a particular micro estimate for w since it is unobservable
in the micro data.®! A counterfactual prediction in this framework is that all prices are changed in
every period, in contradiction with the empirical findings in Bils and Klenow (2004); Nakamura and
Steinsson (2008). As a result, one cannot credibly claim that w is the cause of the fall in inflation
persistence since it needs to be identified from the macro aggregate data, which makes it unfeasible
to identify w and the true inflation persistence separately. Finally, I find that a change in the monetary
policy stance has now a significant effect on inflation persistence: a change of ¢, from 1to 2 produces
a fall in the first-order autocorrelation of inflation from around 0.895 to 0.865. However, is not enough
to produce the effect that I observe in the data.

Trend Inflation. Our last extension is to include trend inflation, for which the literature has docu-
mented a fall from 4% in the 1947-1985 period to 2% afterward (see e.g., Ascari and Sbordone (2014);
Stock and Watson (2007)). Differently from the standard environment, I log-linearize the model equa-
tions around a steady state with positive trend inflation, which I assume is constant within eras. Aug-
menting the model with trend inflation creates intrinsic persistence in the inflation dynamics through
relative price dispersion, which is a backward-looking variable that has no first-order effects in the
benchmark NK model. Inflation dynamics are now given by 7ty = pz 1711 + P 2702 + W 1Vt + U 2 V21,
where persistence is increasing in the level of trend inflation. I, therefore, investigate if the docu-
mented fall in trend inflation, coupled with the already discussed change in the monetary stance,
can explain the fall in inflation persistence. Although in the correct direction, I find that the fall in
trend inflation and the increase in the Taylor rule coefficients produce a small decrease in intrinsic
persistence, from 0.91 to 0.84.

Summary. Isummarize in table OA.13 the findings in this section, concluding that changes on the
monetary stance are either insufficient or inconsistent with empirical evidence.

10ne would need to identify the firms that were not hit by the Calvo fairy in a given period, yet they change their price.
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Model
Persistence Pre 1985 Post 1985
Price indexation 0.90 0.87
Trend inflation 0.91 0.84

TABLE OA.13. Summary

Appendix E. History of Fed’s Gradual Transparency

Fed’s actions have become more transparent over time. Before 1967 the FOMC only announced policy
decisions once a year in the Annual Report. The report also included the Memoranda of Discussion
(MOD) containing the minutes of the meeting, released with a 5-year lag since 1935. In 1967, the FOMC
decided to release the directive in the PR, 90 days after the decision. The rationale for maintaining
a delay was that earlier disclosure would interfere with central bank best practices due to political
pressure, both from the Administration and from Congress. In a letter from Chairman Burns to
Senator Proxmire on August 1972, Burns enumerated six reasons for deferment of availability. Among
them, Burns argued that earlier disclosure could interfere with the execution of policies, permit
speculators to gain unfair profits by trading in securities, foreign exchange, etc., result in unwarranted
disturbances in the asset market, or affect transactions with foreign governments or banks. In the
same letter, Burns hypothesized reducing the delay to shorter than 90 days, although stressing that a
few hours/days delay would harm the Fed.

In March 1975 David R. Merril, a student at Georgetown University, requested current MOD to
be disclosed based on the Freedom of Information Act (FOIA). Congressman Patman supported
this initiative and officially asked Chairman Burns for the unedited MOD from the period 1971-1974.
Burns declined to comply with the request.®? At the same time, the FOMC formed a subcommittee
on the matter, which suggested cutting back substantially on details about the members’ forecasts
and to allow each member to edit the minutes, but discouraged eliminating the MODs. In May 1976,
concerned about the chance of premature disclosure, the FOMC discontinued the MOD arguing that
it had not been a useful tool.®3:64 The decision increased the ire of several critics of the Fed. In the
coming years, Congress took several actions to protect the premature release of the minutes, in order
to convince the Fed to reinstate the MOD, with no success. Contemporaneously to these events, in
May 1976 the PR increased its length (expanded to include short-run and long-run members’ forecasts)
and reduced the delay to 45 days, shortly after the next (monthly) meeting.

Merrill’s lawsuit included the request for an immediate release of the directive (the Fed decision).
On November 1977 the Court of Appeals for the District of Columbia ruled in Merrill’s favor in this

2The letter exchange is available at Lindsey (2003), pp. 11-15.

63Robert P. Black, former president of the Richmond Fed that served at the FOMC, explained years later that “I did it for
the fear that Congress would request access quite promptly” (see Lindsey (2003), p. 22).

64Whether meetings were still recorded was unclear to the public, until Chairman Greenspan revealed their existence
in October 1993, causing a stir.
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regard. In January 1978, Burns asked Senator Proxmire for legislative relief from the requirement.
Finally, in June 1979 the Supreme Court ruled in the FOMC's favor.

Between 1976 and 1993 the information contained in the PR was significantly enlarged, without
further changes in the announcement delay. In November 1977 the Federal Reserve Reform Act officially
entitled the Fed with 3 objectives: maximum employment, stable prices, and moderate long-term
interest rates. In July 1979, the first individual macroeconomic forecasts on (annual) real GNP growth,
GNP inflation, and unemployment from FOMC members were made available. During this period,
the Fed was widely criticized for the rise in inflation (see Figure 1). The FOMC stressed in their
communication that the increase in inflation was due to excessive fiscal policy stimulus (see Figure
0OA.10A) and the cost-push shock on real wages coming from the increased worker unionization (see
Figure OA.10B).

From October 1979 to November 1989 the policy instrument changed from the fed funds rate to non-
borrowed reserves (M1, until Fall 1982) and borrowed reserves (M2 and M3, thereafter), respectively.
In the early 1980s, the Fed had not established an inflation target yet. Instead, the focus was on
stabilizing monetary aggregates, M1 growth in particular. However, frequent and volatile changes in
money demand made it particularly challenging for the Fed to deliver stable monetary aggregates.
The aspects of these operational procedures were not explained to the public during 1982.

The “tilt” (predisposition or likelihood regarding possible future action) was introduced in the
PR in November 1983. Between March 1985 and December 1991 the Fed introduced the “ranking of
policy factors”, which after each meeting ranked aggregate macro variables in importance, signaling
priorities with regard to possible future adjustments. During this period the FOMC members started
discussing internally the possibility of reducing the delay of announcements. An internal report from
November 1982 summarizes the benefits, calling for democratic public institutions, reducing the
criticism due to excessive secrecy, and the induced misallocation of resources by firms, somehow
forced to hire “Fed watchers”. Yet, the cons, remained similar to those expressed in 1972. In fact,
Chairman Volcker defended the Fed’s translucent policy in two letters to Representative Fauntroy in
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August 1984 and Senator Mattingly in July 1985.

Until then, the FOMC had been successful in convincing politicians and the judicial system that its
secrecy was grounded in a purely economic rationale, and was not the result of an arbitrary decision.
The first critique from the academic profession came from Goodfriend (1986), which argued that
opaqueness reduces the power of monetary policy by distorting agents’ reactions. Cukierman and
Meltzer (1986) formalize a theoretical framework in which credibility and reputation induce rich
dynamics around a low-inflation steady state. Blinder (2000); Bernanke et al. (1999) stressed the
benefits of a more transparent policy, such as inflation targeting. Faust and Svensson (2001) build a
framework in which the Central Bank cares about its reputation, and identifies a potential conflict
between society and the Central Bank: the general public wants full transparency, while the Central
Bank prefers minimal transparency. Faust and Svensson (2002) extend their results by endogenizing
the choice of transparency and the degree of control that the Central Bank has.

After the successful disinflation episode in the mid-1980s, the Fed gained a reputation, not fearing
the criticism of further tightening in the policy stance. As a result, the FOMC was subject to little polit-
ical interference, which together with the criticism coming from the academic profession led them to
increase transparency. The minutes, a revised transcript of the discussions during the meeting were
reintroduced into the PR in March 1993 under Chairman Greenspan. In 1994 the FOMC introduced the
immediate release of the PR after a meeting if there had been a decision, coupled with an immediate
release of the “tilt” since 1999. Since January 2000 there is an immediate announcement and press
conference after each meeting, regardless of the decision.

Appendix F. Model Derivation

F.1. Derivation of the General New Keynesian Model
F.1.1. Households

There is a continuum of infinitely-lived, ex-ante identical households indexed by i € J;, = [0,1]
seeking to maximize E; > 35, B'U(C;;, N;;), where the utility function takes a standard CRRA shape
U(C,N) = Cf_—? - Iﬁ—t;p. Notice that I relax the benchmark framework and assume that households
might differ in their beliefs and their expectation formation. Furthermore, the consumption index

el \ &1
C;;isgivenby C;; = ( fjf Cij? dj) , with C;;; denoting the quantity of good j consumed by household
1in period t, and e denotes the elasticity between goods. Here I have assumed that each consumption
good is indexed by j € J r=100,1]. Given the different good varieties, the household must decide how

to optimally allocate its limited expenditure on each good j. A cost-minimization problem yields

P\ "¢
(A42) Cijt = (P_]t) Ci

80



1
where the aggregate price index is defined as P; = ( fjf let—edj> F¢ Using the above conditions, one

can show that fjf P;iCiy dj = PtCyy.
I can now state the household-level budget constraint. In real terms, households decide how much
to consume, work and save subject to the following restriction

(A43) Cit +Bjy = Rp-1B; 4 g + W{N;; + Dy

where N;; denotes employment (or hours worked) by household i, B;; denotes savings (or bond
purchases) by household i, R;_; denotes the gross real return on savings, W/ denotes the real wage
at time ¢, and Dy denotes dividends received from the profits produced by firms. The optimality
conditions from the household problem satisfy C;.” = BE;; (RtCi‘)‘tfﬂ) and C{N¥ = E;;WY.

Let us now focus on the budget constraint. Define A;; = R;_1B; ;_; as consumer i’ initial asset

position in period t. Rewrite (A43) at ¢t +1
(A44) Cit+1 + Bit+1 = RtBi,t + Wtr+1N ite1 T Dty

Combining (A43) and (A44) I can write C;; + (Ci41 + Biy41)R7* = Ay + WIN;; + Dt + (W, Njiq + Drap) R

. . . . k 1 _ k 1
Doing this until T — oo I obtain ) 72, [1i- mcmk =A;+> 1% [1j- m(W;kNin + Dyy1). Log-

linearizing the above condition around a zero inflation steady-state I obtain

(0] (0] o0
(A45) Z BRCipg = @i + O Z Bk(WLk + ) + (1- Q) Z B¥d,p
k=0 k=0 k=0

where a lower case letter denotes the log deviation from steady state, i.e., x; = log X; - log X, except for
the initial asset position, defined as a;; = A;;/C;; and Q); denotes the labor income share for household
L.

The optimal intratemporal labor supply condition can be log-linearized to
(446) Ejewt = oci + oy
and the intertemporal Euler condition can be log-linearized to

1
(A47) Cir = Eire + BjpCirn

where I define the ex-post real interest rate as ry = iy — 7tp41.
I want to obtain the optimal expenditure of household i in period t as a function of the current a
future expected wages, dividends and real interest rates. Using (A46) and taking expectations, I can
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rearrange (A45) as

0
k 1te k
Z Bk EitCirri = aip +Q; Z B Eis ( Wik = 0 Cit+k) +(1-0Qy) Z B Eirdrik

k=0 ¢ k=0
%)
_ ® ' ke —O-i(1+ ®) (1- -Ql)(P
(448) @+ GQialt ¥ ; P"Eir [ @ +0Q; Wik @ +0Q; e

Let us now focus on the left-hand side. Taking individual expectations I can rewrite it as
> k20 BXE;;cirip. Keeping this aside, I can rearrange (A47) as EjiCjppq = ¢4+ 5 Eltrt Iterating (A47)
one perlod forward, I can similarly write E;;cjp0 = i3 + = Elt(rt + T41) and for a general k, E;;cjpip =

Cir t 5 ijo itT¢+j- That is, I can write

(0. (0.] o0

1 B
Z BkEitCin = Z Bkcit +t— Z Z Bk EitTesj = Z BkEiter
k=0 k=0 < 1- B G(l P k=0

k=0 j=0

Inserting this last condition into (A48), I can write

B o1-P) . 0,1+ @)1-8) , , (1-0)e0-p)
Cit:‘g%BkEitereraiﬁkz_;BkEit : ¢ +oQ Wi+ (pl+0Q dpik

Aggregating, using the fact that assets are in zero net supply, fjh a;; di=ar =0,

1+ Q)A-P)ch , . (1-Q)el-p)
(A49) ct———er"EtWerk{ e B E?dﬁk]

where E?() = fﬂc E;;(-) diis the average household expectation operator in period t.

F.1.2. Firms

As in the household sector, I assume a continuum of firms indexed by j € J =[0,1]. Each firm is a
monopolist producing a differentiated intermediate-good variety, producing output Y. Yj; and setting
nominal price Pj; and making real profit D;;. Technology is represented by the production function

(A50) Y = Atl\fjlt‘“
where A; is the level of technology, common to all firms, which evolves according to
(A51) at = Pads-1 + €f

where ¢f ~ N(0, 02).
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Aggregate Price Dynamics. As in the benchmark NK model, price rigidities take the form of Calvo-
lottery friction. At every period, each firm is able to reset their price with probability (1-6), independent
of the time of the last price change. That is, only a measure (1 - 0) of firms is able to reset their prices
in a given period, and the average duration of a price is given by 1/(1-6). Such an environment implies
that aggregate price dynamics are given (in log-linear terms) by

(452) me= [ medi=a-0| p;-;df—pt_ll=<1—e>(p::—pt_1)
f f

Optimal Price Setting. A firm re-optimizing in period t will choose the price P]i“t that maximizes
the current market value of the profits generated while the price remains effective. Formally,

P]’ft = arg maxp, >0 GkE]-t {/\t,t+kﬁ [Pjth,t+k|t - et+k(Yj,t+j|t)] } subject to the sequence of demand
P.
Jt

—-€ -0
schedules Y; 1y, = (K) Csko Where Ay 44y = Bk (%—f) is the stochastic discount factor, C¢(-) is
the (nominal) cost function, and Y} ;,; denotes output in period t+k for a firm j that last reset its price
in period t. The First-Order Condition is ) 72, GkEjt [/\t,t+kY',t+k|t%+k <P]i*t - M‘i’jﬁk”)} = 0, where
‘P-}Hk“ = GLk(YJ}tﬂ'It) denotes the (nominal) marginal cost for firm j, and M = 5. Log-linearizing

]
around the zero inflation steady-state, I obtain the familiar price-setting rule

(A53) Py = (- 30) S (BOEe (W) raige + 1)
k=0

where }; 1x); = 1og¥; 144y; and p = log M.

F.1.3. Equilibrium

Market clearing in the goods market implies that Y;; = C;; = fjh Cjj difor each j good/firm. Aggregating
across firms, I obtain the aggregate market clearing condition: since assets are in zero net supply
and there is no capital, investment, government consumption nor net exports, production equals
consumption: fjf Y dj= fjh fjf Cjjit dj di => Y; = C;. Aggregate employment is given by the sum of
employment across firms, and must meet aggregate labor supply N; = fjh N;; di= fjf Nj; dj. Using

1
the production function (A50) and (A42) together with goods market clearing, N; = fjf (%) e dj =

1 €
T P\ T . . .. . .
<1—§—i) ! fjf <]]ytt> ! dj. Log-linearizing the above expression yields to n; = ﬁ( Vi - at).
The (log) marginal cost for firm j at time ¢ + k|t i ; 141y = Weag = NPT g
= Weak — [@pep = A pypyp +10g(1 - )], where mpn; 4.4y, and n; 1,4, denote (log) marginal product of
labor and (log) employment in period t + k for a firm that last reset its price at time t, respectively. Let
Py = fjf q)jt denote the (log) average marginal cost. I can then write Vs = w; - [a; — any +1og(1 - )].
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Thus, the following relation holds

x xe
(A54) d’j,t+k|t = Ppyp t C’((njt+k|t ~Npg) = Wppp + m(yjt+k|t = Yk = Ok - m(pft = Pr+k)

Introducing (A54) into (A53), I can rewrite the firm price-setting condition as
o0

(A55) Py =(1-B0) ) (BO)Ejt (Prsk ~ OMiser)
k=0

where 1 = Ht - pis the deviation between the average and desired markups, where pt = -(\¢ - p;),
and © =

1- oc+oce

Individual and Aggregate Phillips curve. Note that I can write the deviation between average and
desired markups as

wt = pp— Wt = pp—wr+wr = = —(wr - pp) + w - [wr —ar + ang - log(l - )]

+ +
=—(oyt+<pnt>+[at—omt+log<1—oo1:—<cr+‘f o‘f) Vit Tbay +log(1- o)

As in the benchmark model, under flexible prices (0 = 0) the average markup is constant and equal to
the desired 1. Consider the natural level of output, y} as the equilibrium level under flexible prices and
full-information rational expectations. Rewriting the above condition under the natural equilibrium,

p=-(o+ %) yP+ F2a; +log(l- «), which I can write as y} = par +1 y, where | = (y(l—g)(Jf)(pTo( and
Py = —(l_g‘()l[faii(gp(ia“) Therefore, I can write fi; = - (o + ) Y1, where ¥, = y, - yi is defined as the

output gap. Finally, plugging this expression into (A55), I obtaln 9).

Individual and Aggregate DIS curve. In order to derive the DIS curve, let us first log-linearize the profit

S . P
of the monopolist. The profit D;; of monopolist j at time ¢ is Dj; = 1% (P]-tht - Wtht> P, Y]t W{Nj;.

. . . . . p;
Log-linearizing around a zero-inflation steady state, D;d;; = ?]Y]-( Pjt + Vit = P) - TN]‘(Wt + 1)
Aggregating the above expression across firms

W'N
(A56) Yt =

(W] + 1)+ 0ds = O (W] + 1) + (1- O)dy

Aggregating the labor supply condition (A46) across households, and using the goods market clearing

Q+e) ,r . 1-Q)e
o+Q00 wi + o+Q0o dt.

Introducing this last expression into the aggregate consumption function (A49), using again the goods

condition w} = oy, + @n;. Inserting the above condition in (A56), I can write y, =

market clearing condition

(A57) -_P Z BkEt Tt (1-B) Z f3kEt Yerk
k=0
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Let us now derive the DIS curve. Substracting the natural level of output from (A57), I obtain

WE

(a58) Fe=-t

0
—h —h~
BREL (g~ 1) + (1= B) > BFE/ Tpap
k=0

~
Il

0

I now need to derive an expression for the natural real interest rate. Recall that in a natural equilibrium

with no price nor information frictions, the natural real interest rate is given by

(A59) rit = 0Ei Ayl = obEtAas = op(pa - Day

Finally, the aggregate DIS curve is given by

(460 Tp= 0> BBk~ ) + (1 B) D BYER Tt~ (1 00) D BFE e
k=0 k=0 k=0

Notice that in this case there is no direct individual DIS curve. However, one can show that the
following consumption function

B : .
(A61) Cit = _EEitrt +(1- B)Eitct + BEitCi,Hl -P(1- pa)Eitat, with ¢; = Cit di

is equivalent to (A60) provided that limy_, BTEitCi,HT) which is broadly assumed in the literature
given 3 < 1.

F.1.4. Discussion on Model Derivation and FIRE

Notice that throughout the model derivation I have not discussed how are beliefs and expectations
formed. Therefore, the model derived above, consisting of equations (A60), (9), (11), (12) and (A51),
should be interpreted as a general framework.

Under the assumption that expectations satisfy the Law of Iterated expectations, E¢[E;,;(-)] = E¢(:)
for k > 0, and that they are common across agents, E?(-) = E{ () = E¢(*), I can write the model in its
usual form: y, = —%(it - Etmty11) + Et Y + W(pa - Day, (4), together with (11), (12) and (A51).

F.2. The (FIRE) Trend-Inflation New Keynesian Model

F.2.1. Firms

As in the benchmark NK model, price rigidities take the form of Calvo-lottery friction. At every period,
each firm is able to reset its price with probability (1 - 0), independent of the time of the last price
change. However, a firm that is unable to re-optimize gets to reset its price to a partial indexation
on past inflation. Formally, P;; = P; ;, 1TT}’;, where w is the elasticity of prices with respect to past
inflation. As a result, a firm that last reset its price in period t will face a nominal price in period t + k
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of PX; 4+, Where
Kok = T Ty - T ifk>1
1 iftk=0
Such an environment implies that aggregate price dynamics are given by P; =

[Gﬂ](i_le)wP%:f+(1—6)(P].*t)1‘e}ﬁ. Dividing by P; and rearranging terms, I can write

P = 10 . Log-linearizing the above expression around a steady state with

trend inflation I obtain

1
Py _ 1—9H§f‘1€)“’ﬂf‘1]1‘€

97.[(6 1)(1-w)
th Pr= 1 - 0mle-)(1-w) (e -

(A62) WTt1)

Optimal Price Setting. A firm re-optimizing in period ¢ will choose the price P}, that maximizes
the current market value of the profits generated while the price remains effective. Formally, P;."t =

arg maxp, > =0 ekEt {/\t t+kﬁ [Ptht t+k Y] p+klt et+k(Y',t+j|t)] } subject to the sequence of demand

P; . o
schedules Y; ;,p; = ( ”?f;;k) Creko Where Ay = = pk <Ct+t’<) is the stochastic discount factor, C¢(-)

J,t+klt

is the (nominal) cost function where Cpyp = Wik N; s = Wy ( " and Y; t+4|t denotes output
in period t + k for a firm j that last reset its price in period ¢t. The Flrst—Order Condition is

00 1-€ = -
k —€ Xt,t+k € 4y x-l-e Wt+k ],t+k|t Xt t+k T« B
0"E; ¢ A (1-€)(PY) ( ) Y; + ——(P%) T« ( ) ( =0
g ! bk t Py PERET T ot Py Aprk Prig
Where Y. t+k|t = C, +k( .t+j|t) denotes the (nominal) marginal cost for firm j, ¥; .y,
= ocAt:i Wt+kY fne The FOC can be rewritten as
Wig (Yot \ B (Xeook\ T
o nk k jrklt | o tt+k | -
(P*)l—(lxﬂ-:oc M 1 Et ZkZO 0 /\t,t+k Ptt:k ( Ay ) ( | )
T -x =
i 1-«x E. S~ gk Xe ek ) 1€ v
£ k0 O Atk | Ty i ekt
. . l-atex 1- €+
where M = _&. Diving the above expression by P, "* =P, =P €P1'
Wik th+k|t ﬁ Lw ﬁ
- itk )
PrN Cha L Bt OFA i pik Pror ( A ) <Xt t+k ”t) MY
(A63) i = - 2t
Py 1-« l-w 1- x @y

1-€
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where the auxiliary variables are defined, recursively, as

(A64)
1-0(l-c0) LW _ Tx W, 1—6(1— )
T T« ' ttk t l—oc o
Y= Efz B~ Yo A Prot < tt+k”t> =, Vo +BOTT, FEy {”m ‘*’t+1]
j=0
(A65)
—w 1-¢€ 1 (1-¢)
- wil—-€
Py = Z(BG) ekt (Xt t+k”t> =Y +BOTT, K [”m (Dtﬂ}
j=0

Log-linearizing (A63), (A64) and around a steady state with trend inflation yields, respectively

(A66)
1 + «
e - ¢r = O‘f"e“(pﬁ - Py
(A67)
[ _e(l-p) 1 1-0(1-« e(l-w) € we
Pe= |1- 0B } (w{- g 17007 ) +OBA o (Erppen + T Een - -7t
(A68)
$r = [1-0BAEDEO] (12 6)y, + 0pA DI [w(1- ) + Erppas + (€ - DErmpn]

F.2.2. Equilibrium

Market clearing in the goods market implies that Y;; = C;; = fjh Cjj difor each j good/firm. Aggregating
across firms, I obtain the aggregate market clearing condition: since assets are in zero net supply
and there is no capital, investment, government consumption nor net exports, production equals
consumption: fjf Y dj= fjh fJf Cji; dj di => Y; = C;. Aggregate employment is given by the sum of
employment across firms, and must meet aggregate labor supply Ny = fjh N;, di= fjf Nj; dj. Using the
production function and optimal good consumption, together with goods market clearing

Y\ Tx Y. T P\ "Ta Y. Ta
e [ () o= () e (6)
(A69) ! Jf Ay / Ay Jf Py / Ay !

where S; is a measure of price dispersion and is bounded below one (see Schmitt-Grohe and Uribe
(2005)). Price dispersion can be understood as the resource costs coming from price dispersion: the
smaller S;, the larger labor amount is necessary to achieve a particular level of production. In the
benchmark model with no trend inflation, IT = 7t = 1 and S; does not affect real variables up to the first
order. Schmitt-Grohe and Uribe (2005) show that relative price dispersion can be written as

Pt _1_7 ew
(A70) St = (1_ e) <P_]tt> + erl’ 1—Ocr|’1—ocSt 1
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Log-linearizing (A69) and (A70) around a steady state with trend inflation I can write, respectively

1
(A71) ng =S¢+ —(X(J/t - at)

1-
e(l-w)

€ _ ( EW €
(A72) St= 1"« (1—67[ )(P]t pp) + O <_1—ocﬁt 1+1_—7Tt+5t—1>

Aggregate DIS and Phillips Curves. Combining the intratemporal labor supply condition and the
production function (A71), I can write real wages as
@+o(l-x) @

A73 P = Qs+ - a
(A73) Wt = @St —a )t t

Combining the optimal price setting rule (A66) and the aggregate price dynamics condition (A62),
denoting At = 7y - wTy_1, I can write ¢ in terms of Ay,

1- x+ex Orle-Dl-w)
1-a 1-9re-D(- w)

(A74) bt =P -

Combining the price dispersion dynamics (A72) and the aggregate price dynamics condition (A62), I
can write current price dispersion as a backward-looking equation in inflation and price dispersion.
This equation, which does not affect real variables in the benchmark model, will be key in order to
generate anchoring,

c(-w) prle-D{-w) el-w) / €
+ = +
(1 On 0 ) iy A 0T e (_ A sH)
e gr(e-D(1-w) cw) e(-w)
[ 1 Ot o 1_67—t(e—1)(1—w)_e7t At + 07 T 54
€ —
= A + 6
T-ol-x t T O0St-1
e(l-w)

where 5(71) = 0 I« , x(7) = O7e"D(-W) Inserting the real wage equation (A73) into the net present
value of marginal costs (A67)

P = {1 eﬁﬂeﬂ_ )} {@Sﬁ (;Vt at)} +OBA T = (Etlbt+1+ l—EtAt+1>

1
= (1- B9) {cpst F (- a»] + B8 (Erpin + T—ErArn)

Finally, introducing (A74) into (A68), I can write the New Keynesian Phillips curve,

A=0 X, — 00— o) 1-x(1-Bx)
X X

Y~ OB -X)EtPs1 - [@(e -DRI-x) - BX} EtArn
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1-

Where ®= Tootea”

Monetary Authority. The model is closed through a Central Bank reaction function. Following Tay-
lor (1993, 1999) I model the reaction function in terms of elasticities. The Central Bank reacts to
excess inflation and output gap through a set of parameters {¢, ¢ y}. On top of that, the monetary
authority controls an exogenous component, the monetary policy shock e} ~ N(0, 02) that are serially

uncorrelated. Formally, I can write the Taylor rule as
(A75) it = pjig1 + (1- p)(bnme + by yy) + €

Steady State. In steady state, the model exhibits trend inflation. The model consists of 5 equations

and 5 variables, which can be written in steady-state as

—Lx_ 1-x
Y= [(e - 1)(1- AR | T {(e -1)(1- “)1 o

eS® eS®
M=n
. T
I+1=—
yo SPATIRYER | seyER _ s9YiR
1-0prEa’  1-0pm el 1-PB®
go_ 1-90 [1 - eﬁ<€-1)(1-w)] Dl 1_¢ (1 - x) G
| gntw) 1-0 1-5 \1-0

hence, I can write

3 1- (e-1)(1-x)
J/_(p+(7+oc(1—(f) {1 € (ps}
n=logm
i=logm-logfp =m-logfp

_1te log(1-

= 2y + s log(1- BY)

B 1-0 € 1-x
s=log TS T eo - %81 0
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Appendix G. Extensions to the Benchmark New Keynesian Model

G.1. Forward-Looking Models
G.1.1. Benchmark New Keynesian Model

Inserting the Taylor rule (11) into the DIS curve (10), one can write the model as a system of two
first-order stochastic difference equations,

(A76) xt = 8EtXp1 + @Vt

where x = [y, m]Tis a2 x 1vector containing output and inflation, § isa 2 x 2 coefficient matrix
and @ is a 2 x 1 vector satisfying

5= 1 o 1-Bdn _ 1 1
oty +Kkbn ok k+B(0+dy) ’ ¢ o+dy+kdr [k

The system of first-order stochastic difference equations (A76) can be solved analytically, which is
of help for our purpose. In particular, the solution to the above system of equations satisfies x; = W,

where ¥ = [0y, Px]T with 5 defined in (17) and , = _(1—9(5)[0(1—é;f£y]+l<(d>n—p)'

G.1.2. Accommodating Technology and Cost-push Shocks

In this section, I extend the general model to accommodate cost-push shocks. The demand side is
still described by (A60), which under the FIRE assumption collapses to

~ 1. ~
(A77) Vi = _E'(lt - Et7ie1) - (1= pa)bar + Bt Yiq

To accommodate cost-push shocks, I allow the elasticity of substitution among goof varieties, €, to
vary over time according to some stationary process {€;}. Assuming constant returns to scale in the
production function (A50) (x = 0) for simplicity, the Phillips curve becomes

(A78) it = BETtre1 — Al + ALY = BETtry + Ky + Ut

where puf = log % is the time-varying desired markup and i} = p! - p. I assume that the exogenous
process u; = A} follows an AR(1) process with autoregressive coefficient p;. Combining (A77), (A78),
(11) and the respective shock processes, I can write the equilibrium conditions as a system of stochastic

difference equations

(A79) Axt = BEtle + th
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where x; = [y; m]T is a2 x 1vector containing output and inflation, w: = [vy a;r us]Tisa3 x1
vector containing the monetary, technology and cost-push shocks, A is a 2 x 2 coefficient matrix, B is
a2 x 2 coefficient matrix and Cis a 2 x 3 matrix satisfying

A:[oﬂby cbﬂ]) B:[“ 1]’ ind &:[—1 ~0(1- pa)t 0]
—K 1 0 B 0 0 1

Premultiplying the system by A I obtain
(A80) Xt = 8EsXp1 + oWy

where 6 = A"1Band ¢ = A"IC. Notice that w; follows a VAR(1) process with autorregressive coefficient
matrix R = diag(py, pa, Pu). Using the method for undetermined coefficients, the solution to (A80)
is conjectured to be of the form y, = Wyw; and 7y = Wrwy, where Wy = [y Pyg Pyl and
Yo =[Wm Ve Wnyl- Imposing the conjectured relations into (A80) allows one to solve for the
undetermined coefficients \ yy, P ya, ¥ yu, Yy, Yra and Py, which satisfy the condition ¥ = SWR+ ¢,
where ¥ = [V, Wxr]Tisa2 x 3 vector containing all the unknown parameters. The solution to the
above system of unknown parameters satisfied

By = - 1-pvf3 Py = - o (1~ pa)(1-paf)

T (1-pyB)o(1-py) + byl + k(dr - pv)’ 7 (1-paP)lo(1-pa) + yl + k(dr - pa)
Wy = - bn - pu Wy = - K

I (1-puP)lo(-pu) + Gyl + k(dr - o)’ (1-pyB)o(L-py) + byl + k(P - pv)
Vg = - ko (1-pg) Wy = o(l-py) + by

(1-paP)lo(1-pa) + byl + k(dr - Pa)’ (1-puB)o(l-py) + &yl + k(Pr - pu)

and therefore equilibrium dynamics are given by (A39) and y; =\ yyvt + U yaar + 1 yuus.

G.1.3. Optimal Monetary Policy under Discretion

Following Gali (2015), the welfare losses experienced by a representative consumer, up to a second-
order approximation, are proportional to

(A81) Eo > B (ﬂ? + gxtz )

where x; = y, - ¥ is the welfare-relevant output gap, with y¢ = \a; denoting the (log) efficient level of
output. Notice that «/e regulates the (optimal) relative weight that the social planner (or the monetary
authority) assigns to the welfare-relevant output gap. In this case, the DIS can be written as

1 .
(A82) Xt = —(—Y(lt - E7tp41) - (1- pa)bar + Exxpag
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I can also rewrite the Phillips curve as
(A83) Tt = BETta1 + KX + U

where u; = k(yf - y}). Again, I assume that the cost-push shock follows an AR(1) process with
autoregressive coefficient py,. Under discretion, the central bank does not control future output gaps
or inflation, but just the current measures. Therefore, the monetary authority minimizes 7> + gxtz
subject to the constraint 7i; = kx; + &, where & = BE;my4q + Uy is treated as a non-policy shock (one

can show that E;mt44 is a function of future output gaps). The optimality condition is
(A84) Xt = —€T;

In case of inflationary pressures, the Central bank will reduce output below its potential, “leaning
against the wind”. In this case, the welfare-relevant output gap and inflation follow
~ 1-pyP +2ex
A85 = - u
(489 T pup e
1-puP +ex !

(A86) Tt

Using the DIS curve (10) and the optimality conditions (A85) and (A86), I can reverse-engineer the
following Taylor rule, which replicates the optimal allocation under discretion

_Put €o(1l- py)

A87 ]
(A87) = Bontex

ur - (1-pa)har = Y;ur - (1- pa)har

Unfortunately, such a rule yields multiple equilibria since it does not satisfy the Taylor Principle.

However, adding a component ¢ (T(t - ut> =0, I can write

1
1-pyPtek
eo(1-py) - (b - pw)

A88 it = +
(A88) it = Gniy - Bpn+ex

ut - (- pahbar = onmy + Ous - (1- pa)ibar
Inserting condition (A86) to eliminate the cost-push shock yields
(A89) it = dpmp+ [e0(L- pu) - (n - pu)]7ie = (1= pa)bar = Tty + Gr 1 g5, e = (L= pa)ibay

As a result, one could understand the documented increase in the Taylor rule as a version of optimal
discretionary policy. In our benchmark specification I find ¢ 1 1085y = 0-99, which aligns well with
the data. I already discussed that an increase in ¢, does not affect inflation persistence. What if the
change in the monetary stance was not a mere increase in the elasticity of nominal rates with respect
to inflation, but an additional response to cost-push shocks in the Taylor rule? Recall that, under
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discretion, inflation dynamics are given by (A86), which I can write as

1
1-puf +ex

et

(A90) T = PuTy-1 +
Compared to the pre-1985 dynamics, described by (A39) and disregarding technology shocks for
simplicity, inflation persistence would be even larger if p;, > py, which I have documented in Tables
OA.8 Panel A and OA.11. That is, the optimal discretionary policy would not explain the fall in inflation
persistence, provided that cost-push persistence has been stable throughout the decades, and that
cost-push shocks are more persistent than monetary policy shocks, which would have generated an

increase in inflation persistence.®®

G.1.4. Indeterminacy

Consider the standard framework in (A76). I have explored inflation dynamics under determinacy. In
this section, I uncover the (multiple) stable solutions under indeterminacy, where ¢ < 1- %d} y-
Following Lubik and Schorfheide (2003), I rewrite the model as )&y = &g + Vel + Ty, where
&t = [&g/ EY wlT,me = [ng/ N7IT and I denote the conditional forecast & = E;x;+; and the forecast
error ny = x¢ - £ 1, with

1 1 by dn by  ¢n

15 -5 1+ 50 0 1+5 5
lo=10 B 0], =1 -« 1 0}, Y=10], M= -K 1
00 1 0 0 p 1 0 0

Premultiplying the system by Iy 11 obtain the reduced-form dynamics &; = M &1 +W*e{ +TT"n;. Using
the Jordan decomposition of I}" = JAJ -1 and denoting w; = J71&;, I can write wy = Awy_; +J ‘1‘1’*5}’ +
J 1T ;. Let the w;; denote ith element of wy, [J ‘1‘1’*]1- denote the ith row of J1W* and [J ‘lﬂ*]i denote
the ith row of J-1IT*. Since A is a diagonal matrix, the dynamic process can be decomposed into 3
uncoupled AR(1) processes. Define I, denote the set of unstable AR(1) processes, and let /. and IT/,
be the matrices composed of the row vectors []‘1‘1’*]1- and [J ‘1ﬁ*]i such that i € Jy. Finally, I proceed
with a singular value decomposition of the matrix ITZ,

D1 O
0 0

T
Vi

= UiD11V]
T
V2

m=[v v

Lubik and Schorfheide (2003) prove that if there exists a solution in the indeterminacy region, it is of
the form &; = I &y +[W*-TT*Vy DT U] WL e/ +TT* Vo (Me)+M (). Two aspects deserve a discussion. First,

% Including technology shocks in the comparison of (A39) and (A90) would alter the results, provided that p, > py > py.
However, since py, is in between the two other highly persistent parameters and none of them have changed over time, the
difference (if any) in reduced-form persistence in (A39) and (A90) would be small, and would not explain the documented
large fall.
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matrices M and M, do not depend on model parameters, which yields the multiplicity of equilibria.
Following Lubik and Schorfheide (2003), I select the equilibrium that produces the same dynamics
as the determinate framework on impact.®® Second, the model features i.i.d sunspot shocks (; that
affect equilibrium dynamics.

G.2. Backward-looking New Keynesian Models

The main reason for the failure in explaining the change in the dynamics in the benchmark NK model
is that endogenous outcome variables, output gap, and inflation, are proportional to the monetary
policy shock process and thus inherit its dynamics. This is a result of having a pure forward-looking
model. A direct consequence is that endogenous outcome variables are not intrinsically persistent,
and therefore its persistence is simply inherited from the exogenous driving force. In this section, I
enlarge the standard NK model to accommodate a backward-looking dimension, including a lagged
term x;_; in the system of equations (A76).

I do so in two different ways: in the first extension, discussed in section G.2.1, I explore a change
in the monetary stance from a passive Taylor rule towards optimal policy under commitment. In
the second extension, discussed in section G.2.2, I include price-indexing firms, which introduces
anchoring on the supply side. In the third extension, I introduce log-linearize the standard model
around a steady state with trend inflation, which endogenously creates anchoring in the demand and
supply sides.

G.2.1. Optimal Monetary Policy under Commitment

My first backward-looking framework is the benchmark NK model with the optimal monetary policy
under commitment. Under commitment, the monetary authority can credibly control households’ and
firms’ expectations. As a result, the Central bank program is to minimize (A81) subject to the sequence
of constraints (A83). The optimality conditions from this program yield the following conditions
relating to the welfare-relevant output gap and inflation

(A91) Xg = —€Ty, Xt=Xt_1— €T}
for t > 1. Notice that these two conditions can be jointly represented as an implicit price-level target
(A92) Xt =-€P,

where p; = p;- p_; is the (log) deviation of the price level from an initial target. Combining the Phillips
curve (A83) and the optimal price level target (A92) I obtain a second-order stochastic difference
equation p; = Y P, + YBEt D+ + YUt, Wwherey = (1+ 3 + ex)™L. The stationary solution to the above

661 set M such that —VlDﬁ UIT\P{C + VoM = -y, and M such that V5 2(p = breg.
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condition satisfies

A93 D, =0, 1+ —m—
( ) bt Pt 1—ﬁépuut

where 6 = % € (0,1) is the inside root of the following lag polynomial F(x) = yBx? - x + .
Inserting the price level target (A92) into (A93), I can write the welfare-relevant output gap in terms
of the cost-push shock

€d €d
A94 = = dxpy - —

Notice that (A96) can be written in terms of the lag polynomial as Ax; = —%ﬁAub which I can

insert back into (A91) to obtain inflation dynamics
) )

Ty = ———Ug 7T =011+ ——Au
0= T 5ppg 0 ™ t-1 t

(A95) 1= 5Ppn

Rewriting the output gap dynamics,

(A96) V=01~

Just as in the case under discretion, the monetary authority can engineer a Taylor rule that
produces the optimal dynamics. Inserting (A92), (A93) and (A96) into the DIS curve (A82) I can specify
the following Taylor rule,

(A97) ip = (1-8)(ce - 1)p; - oW(l-pa)ar = P pp; + &

which produces the same allocation as the optimal policy. Inserting (A95) in the Taylor rule, I can
write

. — )
it =(1-0)(ce-1)p; - ob(l-pglar + dn <7Tt - 81 - mAut>

brd
1-0Bpu

= Grmy + (1-0)(oe - 1) (s + /ﬁt_1) - Grdmeg -

= Qrriy + (1-0)(oe - 1)@ - Grdmyg - Auz - oP(1-pg)az

$rd
——Auz - 1-
T opp, o(1- pa)ar
~ brd
= Oty + ¢n;1{t>1985:1}7tt * ¢”:1{t>1985:1} Pt1~ rd7p - 1-6B0. gtﬁp Aut - oP(1 - pa)as
- - - u

_ - bn
= bnte + G 1055 T T Pre, 1y 1085 Pr-1 ~ P71 ~ mAut &

where £ is an AR(1) process. My standard parameterization, reported in Table 5, suggests ¢ 1 .
3.56, which is excessive considering my previous empirical findings. To confirm this, I estimate the
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1) ) @) (4)
Taylor rule SB Optimal MP (CD) Optimal MP (CES)
T} 1.389*** 1.247*** 1.173*** 1.169***
(0.0659)  (0.0730) (0.0724) (0.0727)
it X Lo 0.553*** 2.065** 2.018™*
(0.152) (0.944) (0.986)
-1 X ﬂ{tzt*} 0.581 0.598
(0.763) (0.752)
Py X Lys g -0.00252*** -0.00243***
(0.000794) (0.000830)
Ur X ]l{tzt*} -1.148* -1.057
(0.629) (0.688)
Observations 203 203 192 192

Standard errors in parentheses
* p<0.10,** p<0.05,** p<0.01

TABLE OA.14. Regression table

above Taylor rule.

Table OA.14 reports our results. Columns one and two repeat our previous exercise but assume no
response to output gap deviations. Columns three to four report the estimates of the optimal Taylor
rule under commitment, using Nekarda and Ramey (2020) estimates of markups. Our results support
the notion that the Fed included the price level and the cost-push shock in its Taylor rule. However,
the results are inconsistent with the theory, since the increase in the inflation coefficient and the
increase in the price level coefficients are of opposite signs. Additionally, the change in the inflation
coefficient is still far from the model-implied change that supports a commitment rule.

G.2.2. Price Indexation

Consider a backward-looking version of the Phillips curve, micro-founded through price indexation
at the firm level and governed by w

(A98) s Etﬂt+1

K~
T 1+ [Swﬂt_1+ 1+ Bwyt+ 1+ Bw
The rest of the model equations are the same as in the benchmark model, (10), (11), and (12). The
model derivation is relegated to Online Appendix F.2, and the parameterization is identical to that
of Table 5, with the model enlarged by the price-indexation parameter w. The parameterization of
such a parameter is not a clear one. As I show below, price indexation implies that every price is
changed every period, and therefore one could not identify the Calvo-restricted firms in the data and
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Parameter Description Value Source/Target
w Price indexation 0.75  Range literature

TABLE OA.15. Model Parameters
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FIGURE OA.11. Inflation first-order autocorrelation in the backward-looking NK model

estimate w. As a result, the parameter is usually estimated using aggregate data and trying to match
the anchoring of the inflation dynamics, and its estimate will therefore depend on the additional
model equations. I set w = 0.75, which is in the range of the literature (0.21 in Smets and Wouters
(2007), 1in Christiano et al. (2005)).

The model can be collapsed to a system of three second-order stochastic difference equations
xt = Ipxp1 +T fEtx + Avy, where x; = [y, m]T. The solution of the above system satisfies
xt = Axy_1 + Wvs, where both matrices A(dpy, @) and W(dr, ©) depend now on ¢, and the rest of the
model parameters @. Notice that a key difference between the benchmark model and this backward-
looking version is that a change in ¢, will affect inflation persistence, and could therefore explain
the fall in inflation persistence.

In Figure OA.11A I show that a change in the monetary policy stance has now a significant effect
on inflation persistence: a change of ¢ from 1 to 2, as I have documented in Table OA.8 Panel A,
produces a fall in the first-order autocorrelation of inflation from around 0.895 to 0.865. However,
is not enough to produce the effect that I observe in the data. The target now is to find a candidate
parameter that can explain the observed loss in inflation persistence. The ideal candidate is w, since
this term produces anchoring in the Phillips curve (A98). As I show in Figure OA.11B, as w decreases
so does inflation persistence.

I show in Figure OA.11B that the decrease in w from 1 (full indexation) to 0 (no indexation) produces
a factual fall in inflation persistence, and I would be back to the standard model with no indexation.
The model is indeed successful in reducing persistence. The natural question is then: what is w? Does
a fall from 1 to 0 makes sense? In the backward-looking NK model, a firm i that is unable to reset its
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(log) price gets to reset its price to

(A99) Pit = Pit-1 t W]

The presence of the term wm;_; is what gives anchoring. What is the value of w in the literature?
Christiano et al. (2005) assume w = 1. Smets and Wouters (2007) estimate a value of w = 0.21 trying to
match aggregate anchoring in inflation dynamics. The main problem here is that it is hard to justify a
particular micro estimate for w, since it is unobservable in the microdata. One would need to identify
the firms that were not hit by the Calvo fairy in a given period and then regress (A99). However, the
price indexation suggests that all prices are changed in every period, which makes it unfeasible to
identify the Calvo-restricted firms. Another aspect in which w > 0 is inconsistent with the micro-data
is that it implies that all prices change every period, in contradiction with Bils and Klenow (2004);
Nakamura and Steinsson (2008). As a result, one cannot claim that w is the cause of the fall in inflation
persistence, since it needs to be identified from the macro aggregate data, which makes it unfeasible
to separately identify w and the true inflation persistence.

I, therefore, conclude that extending the benchmark framework to price indexation does not have
the quantitative bite to explain the fall in inflation persistence, although the estimates move in the

correct direction.

G.2.3. Trend Inflation

Although it is well known that Central Banks’ objective is to have a stable inflation rate around 2%,
most New Keynesian models are log-linearized around a zero inflation steady state since the optimal
steady-state level of inflation is 0%. Ascari and Sbordone (2014) extend the benchmark model to
account for trend inflation. The non-linear model is identical to the one presented in the previous
section. Differently from the standard environment, they log-linearize the model around a steady with
a certain level of trend inflation 7, which is constant over time. Price dispersion, a backward-looking
variable that has no first-order effects in the benchmark NK model, is now relevant for the trend
NK model. Augmenting the model with trend inflation creates intrinsic persistence in the inflation
dynamics through relative price dispersion. The model, similar to the one in Ascari and Sbordone
(2014), is derived in Online Appendix F.2. The model can now be summarized as a system of six
equations, including (10), (11) and (12), with the additional inclusion of the price dispersion dynamics
(A100)

€ d0-% we d-%

A100 = -
( ) & l—ocl—xnt l-axl-x

1+ 0S¢-1
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Parameter Description Value Source/Target
T Trend inflation 1.0214 - 1.04}4  Ascari and Sbordone (2014)

TABLE OA.16. Model Parameters

and the Phillips curve, which is now given by the system

T = K1 + Ky W + Ky Yy + By Bt + BrEsmen

(A101) 1+¢ we €
Py =(1-PBO)@st + = “(1 - B8)ys - ml%ﬂt +BOEAp + mf’éEtﬁtﬂ
_ _ _e(l-w) _ —(e-1)(1-
where © = pEx 5 = on Y and @ = RENW, o = e
O(1-x) — B(1-0) (1) (1-px)

_ _ - _ Op(1-x) -
Ky T O DB0BP Y T TXw@E-Dpus0-pal PV T TTalee-Dpi-0-py 2nd Br

__ O(e-DBI-x)-Bx e :
—0[0(e-DB-0-Bx]" The parameterization is identical to that of Tables 5 and OA.16, extended to

trend inflation between 0%-6%, except for the value of ¢ = 0 which is bounded from above by the

determinacy conditions. The model can be collapsed to a system of four second-order stochastic
difference equations xy = I'px;_1 + T fEtxt+1 + Avt, where xt = [y; 7 V¢ s¢]T. The solution of the
above system satisfies x; = Ax;_; + Wv;, where both matrices A(dx, 7T, ®) and Y(dr, 7, @) depend now
on ¢, trend inflation 71, and the rest of the model parameters ®@. In this framework, I define s; as (log)
price dispersion at time t, and \); as the present discounted value of future marginal costs. Notice that
I have extended an otherwise standard trend-inflation NK model with price indexation (governed
by w) as in (A99). Even in the zero-indexation case, there will be anchoring coming from the price
dispersion equation, which is the only backward-looking equation in the system. To see this, under
zero-indexation, inflation dynamics are given by

Tt = AsSp-1 + bpve = (as —= 4 5) 71 + bre(ve = dvp_1)

In the price-indexation case, inflation dynamics are given by

Tt = ATl + asS-1 + bpve = (dn +0+ s _e(xi:—;() -1~ (%5 tas lcfe(xi:—z:) Tt + br(ve - 8v4_1)
Most importantly, one can see that the parameter that governs anchoring (and persistence) in the
system, 6 in (A100), is increasing in the level of trend inflation 7t. This framework, therefore, has
the potential of explaining the fall in inflation persistence if trend inflation had fallen. Stock and
Watson (2007) and Ascari and Sbordone (2014) provide evidence of a fall of trend inflation from 4%
in the 1969-1985 period to 2% afterwards. They estimate trend inflation using a Bayesian VAR with
time-varying coefficients (Figure 3 in Ascari and Sbordone 2014). Importantly, they find that their
estimated trend inflation is correlated (0.96) with the 10-year inflation expectations reported in the
Survey of Professional Forecasters (after 1981).
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FIGURE OA.12. First-order autocorrelation for values (b, @) € [1.2,2] x [0%, 6%]

As I argued before, a fall in the trend inflation 7w would decrease 5(7t) and thus reduce aggregate
anchoring in the system. I, therefore, investigate if such a fall, together with the already discussed
change in ¢, can explain the documented fall in inflation persistence.

I compute the first-order autocorrelation of inflation for values of (b, 70) € [1.2,2] x [0%, 6%] in
the trend inflation model with price indexation. I plot our results in Figure OA.12. As I previewed
above, the decrease in trend inflation documented by Ascari and Sbordone (2014) can explain (part
of) the fall in persistence. In particular, a fall in trend inflation from 6% to 2% (holding ¢ = 1.5
constant) produces a fall in inflation persistence from 0.887 to 0.851. Similarly, an increase in the
aggressiveness towards inflation from 1 to 2 (Clarida et al. 2000), holding 7@ = 2% constant, produces a
fall in inflation persistence from 0.879 to 0.845. Jointly, they produce a fall from 0.912 to 0.845. Although
in the correct direction, the trend inflation model lacks enough quantitative bite to produce the large
fall documented in Table 2. I, therefore, conclude that extending the benchmark framework to trend
inflation and price indexation does not explain the fall in inflation persistence, although the estimates

move in the correct direction.

Appendix H. Useful Mathematical Concepts

H.1. Wiener-Hopf Filter

Consider the non-causal prediction of f, = A(L)s;; given the whole stream of signals

E(fo1%°) = pya(L)pxx(L)x;; = 0y (LBEL Y W IBEL) My, = 0y WBEL )V wy, = Y hwy

k=—c0
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where pyx(2) = A(2)MT(z71) and pxx(z) = B(z)VBT(z1). Notice that I am using future values of wj;.
However, if the agent only observes events or signals up to time t, the best prediction is

E(f ) = [Z hkwit_k] =Y Wi = |0 yeBEN? V7w = [0y (LBLYT| VIB@ M
k=-00 + k=0

H.2. Annihilator Operator

The annihilator operator [-]+ eliminates the negative powers of the lag polynomial:

[A(2)]+ [ Z a2 ] = Z akzk
+ k=0

k=-oc0

N

Suppose that I am interested in obtaining [A(z)]+, where A(2) takes this particular form, A(z) = Lﬁ\
)

—b(A 0
(b(zz)_;i\)( ) 4 & (

with |A| < 1, and ¢(2) only contains positive powers of z. I can rewrite A(z) as A(z) =
Let us first have a look at the second term, I can write

M) _ o) 1 (A 1422
por W S P o ) Q+A"z+A %27+ ..)

which is not converging. Alternatively, I can write it as a converging series as

1
1-Az!

¢

P = d\)z 11+ Az +A%272 + )

= dp(\)2

Notice that all the power terms are on the negative side of z. As a result, [d;%] L 0. Let us now move

N

to the first term. I can write
b(z) - d(A Z brE" - %) = g H 2-&p)
k=0 k=1

where {£X} are the roots of this difference polynomial. Since I know that A is a root of the LHS, I can
set Ek = A\ and write

oo

6@ - 60 = bo(a-N [[e- &) — POV g
k=2 k=2
_ $()- 43(7\)

which only contains positive powers of z. Hence, I have that [d;g\)} . Y

Consider now instead the case A(z) = 9@ _ Making use of partial fractions, I can write
(z-A)(z-B) & p

o) _ 1 P(z)_cb(z)]: 1 [d>(Z)—d>(7\)_d>(Z)—d>(B)+d>(7\)_dJ(B)
z-NEz-B) A-B|lz-A 2-p| A-B| z-A z-B Z-A 2-P
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Following the same steps as in the previous case, I can solve

{ $(2) } _ 9@ -d(N)  $(2) - $(B)
Z-MNE-P)J+ A-B)z-A) (A-PB)z-B)
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