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Abstract

We show that the fraction of non-reoptimizing firms that index prices to the inflation
target, rather than lagged inflation, provides a simple measure of anchoring for short-run
expected inflation in a New Keynesian model with full-information rational expectations.
Higher values of the anchoring measure imply less sensitivity of rational inflation forecasts
to movements in actual inflation. The approximate value of the model’s anchoring measure
can be inferred from observable data generated by the model itself, as given by 1 minus
the autocorrelation statistic for quarterly inflation. We show that a shift in the collective
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1 Introduction

U.S. inflation behavior has shifted dramatically over the past sixty-plus years. Figure 1 plots
annualized quarterly inflation 7; based on the personal consumption expenditures (PCE) price
index together with summary statistics computed from a 20-year rolling window of data,
recording the value at the end of the window.! The rolling measures of volatility and persis-
tence have declined substantially since the late 1970s, but both have increased in recent years.
The reduced form Phillips curve, which links inflation to economic activity, has also undergone
profound changes. Starting in the late 1990s, the rolling slope of the “accelerationist” Phillips
curve, given by Coveg(Amy, y)/Varsg(y:), has become flatter while the corresponding slope of
the “original” Phillips curve, given by Covag (7, y¢)/Varao(ye), has become steeper, where y;
is the output gap based on potential output from the Congressional Budget Office (CBO).2
Jorgensen and Lansing (2024) show that these patterns are robust to different measures of

inflation, including detrended inflation, or different measures of economic activity.
[Insert Figure 1 about here ]

This paper proposes a simple measure of anchoring for short-run expected inflation in a
standard New Keynesian model with a constant inflation target and full-information rational
expectations (FIRE). The model’s anchoring measure is the fraction of non-reoptimizing firms
that index prices to the inflation target, rather than lagged inflation. We show that an increase
in this anchoring measure can account for the shifting patterns of U.S. inflation behavior in
Figure 1.3

The approximate value of the model’s anchoring measure can be inferred from observable
data generated by the model itself, as given by 1 minus the autocorrelation statistic for quar-
terly inflation. The bottom right panel of Figure 1 plots the model-implied anchoring measure
using the 20-year rolling autocorrelation statistic for quarterly PCE inflation. The anchoring

measure starts trending up in the late 1990s when the Great Inflation era drops out of the

'The basic patterns in Figure 1 are robust to different window lengths. A 20-year time frame allows us
to roughly span the most recent era of consistent monetary policy together with stable long-run inflation
expectations, which is the setting of our model.

*Following Jorgensen and Lansing (2024), the accelerationist Phillips curve regression takes the form 7, —
wi—1 = Ame = ¢o + c1y¢. The original Phillips curve regression takes the form 7 = co + c1y:.

3Prior to the late 1990s, the U.S. anchoring measure in Figure 1 is relatively stable while the value of
Covao (e, yt)/Varao(y:) goes from negative to positive and then back to negative. From the perspective of our
model, this pattern can be explained by shifts in the relative importance of demand versus cost-push shocks
(and the resulting policy responses) during the early decades of the data sample.



rolling window and is replaced by an era of low and stable inflation. Near the end of the data
sample, the anchoring measure declines somewhat due to a rebound in inflation persistence.

Bernanke (2007) defines the term “anchored” to mean that long-run inflation expectations
are “relatively insensitive to incoming data.” In FIRE models with a constant inflation target,
long-run expected inflation remains well anchored by construction. But if the structural slope
of the New Keynesian Phillips curve (NKPC) is relatively flat as suggested by many empirical
studies, then short-run expected inflation becomes very important for determining movements
in inflation. In such an environment, improved anchoring of short-run expected inflation can
help the central bank achieve its goals.

The autocorrelation-based anchoring measure in Figure 1 comoves strongly with a survey-
based anchoring measure constructed by Lansing and Nucera (2023) that gauges how much
professional economists adjust their one-year ahead inflation forecast in response to recent
movements in actual inflation. We use the model’s equilibrium solution to show that there is
a direct theoretical link between our autocorrelation-based anchoring measure and an alterna-
tive measure that is based on a regression of one-quarter ahead expected inflation on actual
inflation. The autocorrelation-based anchoring measure also comoves strongly with a measure
that is based on the mean absolute gap between professional economists’ inflation forecasts
and an inflation target of 2%, along the lines of the anchoring measures constructed by Bems,
et al. (2021) and Naggert, Rich, and Tracy (2023).*

Jorgensen and Lansing (2024) employ an imperfect information model to show that the
transition to a policy regime with a transparent and constant inflation target serves to anchor
long-run inflation expectations, allowing their model to account for the patterns observed in
Figure 1. Our contribution here is to show that a FIRE model with a constant inflation
target can account for the same set of stylized facts when there is an increase in the fraction
of non-reoptimizing firms that index prices to the inflation target. A plausible driver of this
increase would be a shift to a more vigilant monetary policy regime that keeps inflation close
to target, thereby inducing more firms to view inflation shocks as transitory. Consistent with
this idea, the contribution of permanent versus transitory shocks to U.S. inflation has declined
over time in a manner that can account for the observed decline in U.S. inflation persistence
(Stock and Watson 2007, Lansing 2009). A decline in inflation peristence translates directly

to an increase in our simple anchoring measure.

YAppendix B summarizes various anchoring measures employed in the literature and compares our
autocorrelation-based anchoring measure to two alternatives.



2 Model

The framework for our analysis is the following New Keynesian model

v =ty Bryer + (1= p)ye—1 — afis — Eympor — 7] + v, v~ N[0,00], (1)

B (1= pir)
ot = B R R G o VA G
O (T S B (S
N————— N————
=7 =%
+ry +w,  w~ N[0, 00, (2)
i — 7% — 1% = g (Byair1 — 7°) + gyBiyes1 + e, e~ N[0, 02], (3)

where (1) is the consumption Euler equation, (2) is the NKPC, (3) is the monetary policy
rule. The variable y; is the output gap, m¢ is the annualized quarterly inflation rate, and ; is
the “proxy” or “shadow” policy interest rate.”

The variable 74y = wmy + (1 — w)map 1 is “average inflation” where the value of w is set
so that m,,+ approximates the compound average inflation rate over the past 4 quarters—a
typical central bank target variable. Similar to Coibion and Gorodnichenko (2011), the interest
rate responds to the rational forward-looking forecasts E;mqy 1 and Fiy;y1. The parameters
7w and r* represent the inflation target and the neutral real rate of interest (r-star). The
model allows for a demand shock v, a cost-push shock u;, and a monetary policy shock &;.

The presence of y;—1 in (1) can be motivated by habit formation in consumption behavior
(Fuhrer 2000). The presence of 7;_1in (2) can be motivated by price indexation, as in the
NKPC specification derived by Cogley and Sbordonne (2008) which allows for drifting trend
inflation. For our analysis here, we impose constant trend inflation equal to n* as in the
version described by Mavroeidis, Plagborg-Mgller, and Stock (2014, p. 131).

Given the set of firms that do not optimally reset prices each period, a fraction p, € [0, 1]
index prices to 7* while the remainder index prices to m;_;. We will show that the value of p .

serves as a simple measure of anchoring for short-run expected inflation.

’As in Wu and Zhang (2019), use of a shadow rate allows us to sidestep complications of solving the model
subject to an occasionally-binding lower bound on the policy interest rate.



3 Parameter values

Table 1 shows the parameter values for our quantitative analysis.

Table 1. Baseline parameter values

Parameter Value Description/Target
Fyy 0.5  Weight on E;y;11 in Euler equation.
« 0.1 Interest rate coefficient in Euler equation.
I3 0.995 Discount factor in Phillips curve.
K 0.03  Slope coefficient in Phillips curve.
oy 1.1% Std. dev. of demand shock.
Ou 1.0% Std. dev. of cost push shock.
o 0.5% Std. dev. of monetary policy shock.
r* 1.5%  Steady state real interest rate.
* 2.0% Inflation target.
w 0.464 map: ~ 4-quarter PCE inflation rate.
Jr 1.20  Policy rule response to inflation.
9y 0.75  Policy rule response to output gap.
Ly 0.5 1—Corr(my,m—1)~0.5in U.S. data.

The values p, = 0.5 and a = 0.1 are close to those estimated by Fuhrer and Rudebusch
(2004). The values 8 = 0.995 and k = 0.03 imply a low rate time preference together with a
relatively flat Phillips curve, consistent with recent empirical estimates (Hazell, et al. 2022,
Inoue, Rossi, and Wang 2024).

The values of 0, 0, and 0. deliver persistence and volatility measures that approximate
those in U.S. data since 1988.Q1—a sample period of consistent U.S. monetary policy. The
value r* = 1.5% is based on estimates from Lubik and Matthes (2023) for data since 1988.Q1.
The value 7* = 2% is based on the Federal Reserve’s stated goal for PCE inflation. Following
Lansing (2021), we compute the value w = 0.464 so that 7, + approximates the 4-quarter
PCE inflation rate from 1961.Q1 to 2024.Q2. The policy rule coefficients g, and g, are close
to values obtained by regressing the proxy federal funds rate from Choi, et al. (2022) on
4-quarter PCE inflation and the CBO output gap using data from 1988.Q1 through 2019.Q4.6

Mavroeidis, Plagborg-Mgller, and Stock (2014) report estimates of u, in the literature
that range from 0.35 to 0.95. As a baseline, we set . = 0.5 which delivers an autocorrelation

coeflicient for quarterly inflation that is close to that observed in U.S. data since 1988.Q1.

%Including data from the pandemic and its aftermath reduces the value of both regression coefficients.



4 Effects of improved anchoring

Using U.S. data from 1970.Q1 to 2021.Q4, Inoue, Rossi, and Wang (2024) estimate time-
varying values for both v, and «, in (2). Their study employs a time-varying instrumental
variable approach that is robust to weak instruments. The estimated value of v, gradually
increases from around 0.4 to 0.6 while the estimated value of 7, gradually decreases from
around 0.4 to 0.1. In our model, these results would imply a gradual increase in the value of
Wy over time.

Table 2 compares the moments of U.S. data variables for two different sample periods to

those predicted by the model for two different values of p..

Table 2. Unconditional moments: Data versus model

U.S. Data Model

1960.Q1-1987.Q4  1988.Q1-2024.QQ2 p,. =0.1 te =0.5
Std Dev (m¢) 3.03% 1.76% 3.08% 1.71%
Std Dev (n$) 1.60% 1.45% - -
Corr(mg, m—1) 0.89 0.55 0.81 0.50
Corr(rd, 7 ) 0.62 0.34 - -
Std Dev (y;) 2.72% 2.00% 2.36% 2.26%
Corr(ye, y—1) 0.93 0.85 0.73 0.71
Cov(Amy,y:)/Var(y) 0.114 0.028 0.160 0.086
Cov(And, )/ Var(y) 0.078 0.022 - -
Cov(my, yr)/Var(y) —0.077 0.283 0.074 0.162
Cov(rd, y)/Var(y) 0.096 0.166 - -
Notes: For U.S. data, ¢ is the CBO output gap, ¢ is quarterly PCE inflation (annualized), 71'7?z is detrended

quarterly inflation using the HP filter with A = 1600, Any = 7y — 7_1, and Aﬂ't = ﬂ';i - ngl'

Model moments are computed analytically, as described in Appendix A.

An increase in p, from 0.1 to 0.5 serves to reduce inflation persistence and volatility,
flatten the slope of the accelerationist Phillips curve as given by Cov(Amy,y:)/Var(y:), and
steepen the slope of the original Phillips curve as given by Cov(my,y;)/Var(y,). All of these
patterns are consistent with U.S. data when moving from the first sample period to the second
sample period. Notably, the patterns in U.S. data are robust to using a measure of detrended

quarterly inflation 7¢.

[Insert Figure 2 about here ]

The top panels of Figure 2 show that higher values of p, reduce Corr(m:, m—1) and

Std Dev(m;). In contrast, higher values of . have only small effects on the properties of



the output gap y: and the persistence of the policy interest rate i;. The bottom left panel of
Figure 2 shows that higher values of p,. reduce values of the statistic Cov(Eymyip, m)/Var(m)
for h = 1, 4, 8, 12. These are regression coefficients that measure the response of expected
inflation at different forecast horizons to movements in 7;. The plot confirms that higher val-
ues of p. capture the flavor of the term “anchored” employed by Bernanke (2007) to mean
“relatively insensitive to incoming data.”

The bottom right panel of Figure 2 shows that, starting from low levels, higher values of y
serve to flatten the slope of the accelerationist Phillips curve as given by Cov(Ame, yt)/Var(y:)
but steepen the slope of the original Phillips curve as given by Cov(m, yi)/Var(y).

To understand the intuition for the shifting slope patterns, consider a simplified version of
the model that sets p, = 1, Eyyry1 =0, 8 =1, vp = pir, ¥ =1 — pir, gy = 0, and w = 1. In

this case, the model can be reduced to the following two equations

yo = —algr —1)(Eymy1 — ) + vy, (4)

=1 = fp(Bemr —7) + (1= pe)(me—1 — 7°) + Ky + g, (5)

where the form of (4) resembles an optimal central bank targeting rule under discretion, except
that here the targeted inflation variable would be Ej my41 rather than .7

First consider the accelerationist Phillips curve. When p,. ~ 0 (weak anchoring), (5)
implies Cov(Amy, y¢)/Var(y:) = k. When p. ~ 1 (strong anchoring), inflation is not persistent
such that Fymiq ~ 7%, In this case, (5) implies Cov(Ame, yi)/Var(y:) = k[1—Corr(yi—1, yi—1)]
which shows that the slope will become flatter when anchoring improves, provided that the
output gap exhibits some persistence such that Corr(y—1,y:—1) € (0, 1). The output gap in
the full model does exhibit persistence due to the term involving y;—1 in (1).

Now consider the original Phillips curve. When pu, ~ 0 (weak anchoring), inflation is
highly persistent such that Eymi1 ~ 7y and (4) implies Cov(my, y¢) < 0 whenever g, > 1, i.e.,
whenever the Taylor principle is satisfied. When p, ~ 1 (strong anchoring), inflation is not
persistent such that Eymypq ~ 7*. In this case, (5) implies Cov(my, y)/Var(y:) = k which
shows that the slope will go from negative to positive as anchoring improves. This is exactly
the pattern observed in U.S. data starting in the late 1990s (Figure 1).

In the full model, values of . above 0.5 cause the rational forecast Fim¢11 to move sub-

stantially less in response to movements in 1. This effect reduces the comovement between my

"For examples of such targeting rules, see McLeay and Tenreyro (2020) and Jgrgensen and Lansing (2024).
The case when g, — oo would correspond to “strict inflation targeting.”



and y;, accounting for the non-monotonic behavior of Cov(m, y:)/Var(y:) in Figure 2.

The top left panel of Figure 2 shows that Corr(my, m—1) ~ 1—pu,. The inverse link between
the model’s anchoring measure and inflation persistence is consistent with the cross-country
empirical findings of Bems, et al. (2021). They show that an improvement in a survey-based
measure of anchoring is associated with less persistent responses of inflation to shocks.

In Appendix A, we show that that Corr(ms,m—1) in the model is equal to the slope
coefficient obtained by regressing the rational inflation forecast Eim;11 on a constant and
m¢. The slope coefficient is given by Cov(Eimiy1,m)/Var(m:). This result obtains because
Eymyy1 = w1 + 14, where 1, is the rational forecast error. Hence, there is a direct theo-
retical link between our autocorrelation-based anchoring measure and an alternative measure

that is based on a regression of expected inflation on actual inflation.

5 Conclusion

We show that there is a simple and observable anchoring measure for short-run expected
inflation in a standard New Keynesian model with full-information rational expectations. The
anchoring measure is the fraction of non-reoptimizing firms that index prices to the inflation
target, rather than lagged inflation. The approximate value of the model’s anchoring measure
is given by 1 minus the autocorrelation statistic for quarterly inflation. Higher values of the
anchoring measure imply less sensitivity of rational inflation forecasts to movements in actual
inflation. We show that a shift in the collective indexing behavior of firms, driven plausibly by
a shift to a more vigilant monetary policy regime that keeps inflation close to target, allows

the model to account for numerous features of evolving U.S. inflation behavior since 1960.
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Figure 1: U.S. PCE Inflation and Statistics, 1960.Q1 to 2024.Q2
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Notes: U.S. inflation behavior has shifted dramatically over the past sixty-plus years. A simple an-
choring measure for short-run expected inflation is given by 1 minus the autocorrelation statistic for
quarterly inflation.



Figure 2: Effects of Improved Anchoring
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10



A Appendix: Model solution

Starting from the definition of average inflation mq, s = wmy + (1 — W) Mgy t—1 We have
Eimgpii1 — 1 =w(Emep — 7)) +w(l —w) (mp —7%) + (1 — w)2 (Tav—1 —7"), (A1)

which can be substituted into the policy rule (3) to yield the following expression:

it — Et 41 — T‘* = (gww — ].) (Etﬂ't—i-l — 7T*) + grw (1 — (,U) (ﬂ't — 7T*)

+gx (1 — w)2 (Wav,tfl — ") + gyEryii1 + &, (A.2)

which shows that 4; inherits persistence from four different endogenous variables. Equation
(A.2) can be substituted into the Euler equation (1) to eliminate i;. The resulting expression
together with the NKPC (2) and the law of motion for m4,; form a linear system of three
equations in the three unknown decision rules for y;, m¢, and 74, . The state variables are

Yi—1, Ti—1, Tav,i—1, V¢, Ut, and g;. Standard techniques yield a set of linear decision rules of

the form
Yt Yt—1 Vg
T —m* =A | my_q1—7" +B | u |, (A.3)
Tav,t — T Tav,t—1 — T &t

where A and B are 3 x 3 matrices of decision rule coefficients. The variance-covariance matrix

V of the left-side variables in equation (A.3) can be computed analytically using the formula:
vec(V)=[I— A ® A" vec (BQB’) , (A.4)

where € is the variance-covariance matrix of the three fundamental shocks v, u;, and ;. We
use V and the other model equations to compute the analytical moments of model variables
as the value of p, ranges from 0 to 1, as plotted in Figure 2.

For the parameter values shown in Table 1, the matrices A and B are

0.720 —-0.024 —-0.074 1.441 —-0.070 —-0.143
A= 0104 0484 —-0.022 |, B=| 0209 1.449 -0.021 |. (A.5)
0.048 0.224 0.525 0.097 0.672 —0.010

Iterating the linear decision rules in equation (A.3) ahead one period and then taking the

conditional expectation of both sides yields the following rational forecast rules:

By = Aty + A (mp — %) + Az (mgoe — 1), (A.6)
Eimpp1 — 7 = Ag1yr + Ago (mp — ) + Aoz (Tapp — ), (A.7)
Eimtavir1 — T = As1ys + Ao (my — ) + A3z (Tawt — 7)), (A.8)
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where A;; represents the corresponding element of the matrix A.

From equation (A.3), we have
T — 7 = Ag1yi—1 + Aga (mp—1 — ") + Az (Tapt—1 — ) + Barvy + Boguy + Bazey.  (AL9)

We can now demonstrate a direct theoretical link between our autocorrelation-based an-
choring measure and an alternative anchoring measure that is based on a regression of expected
inflation on actual inflation, along the lines of some empirical anchoring measures in the liter-

ature. Equation (A.9) implies
Cov(my, mi—1) = A1Cov(my, yr) + ApVar (my) + AazsCov (T4, Taut) - (A.10)
Similarly, from equation (A.7) we have
Cov(Eymiq1,m) = Ao Cov(my, yr) + AgaVar (my) + AgzCov (4, Tap ) - (A.11)

Comparing equations (A.10) and (A.11) yields the result

Cov(my, m—1) _ Cov(Eymy1, )
Var(my) Var(my) ’

Corr(my, m—1) =

(A.12)

which shows that Corr(m, m—1) is equal to the slope coefficient obtained by regressing the

rational inflation forecast on a constant and ;.

B Appendix: Alternative anchoring measures

There is a vast literature on the topic of inflation expectations anchoring. Early examples
include Roberts (2006), Williams (2006), Mishkin (2007), and Bernanke (2007). Anchoring
measures for expected inflation can also be viewed as gauges of central bank credibility. Our
autocorrelation-based anchoring measure complements other quantitative measures of anchor-
ing for expected inflation at various forecast horizons. These include: (1) Measures based on
the value of a gain parameter in imperfect information or learning models (Stock and Watson
2007, Lansing 2009, Milani 2014, Carvalho, et al. 2023, Gati 2023, Jgrgensen and Lansing
2024, Jorgensen 2024), (2) Measures based on a regression of expected inflation on actual
inflation (Demertzis, Massimiliano, and Nicola 2012, Ehrmann 2015, Ball and Mazumder
2019, Guerrieri, et al. 2023, Lansing and Nucera 2023), (3) Measures based on a regression
of long-run expected inflation on short-run expected inflation (Strohsal, Melnick, and Nautz
2016, Buono and Formai 2018), (4) Measures based on high-frequency financial market data
(Giirkaynak, Levin, and Swanson 2010, Beechey, Johannsen, and Levin 2011, Bauer 2015,
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Bundick and Smith 2024), and (5) Measures based on the deviation of actual inflation or
agents’ beliefs/forecasts from the central bank’s inflation target (Meyer and Webster 1982,
Huh and Lansing 2000, Andolfatto and Gomme 2003, Erceg and Levin 2003, Kozicki and
Tinsley 2005, Wieland 2009, Gibbs and Kulish 2017, Bems, et al. 2021, Naggert, Rich, and
Tracy 2023, and Diegel 2023).

Figure B.1 shows that an empirical version of our autocorrelation-based anchoring measure
comoves strongly with two alternative anchoring measures for short-run expected inflation.
The anchoring measure constructed by Lansing and Nucera (2023) gauges how much profes-
sional economists adjust their one-year ahead inflation forecast in response to recent move-
ments in actual inflation. Using a 20-year rolling window of data, they regress the median
inflation forecast from surveys on a constant and 4-quarter Consumer Price Index (CPI) infla-
tion.® The resulting anchoring measure is given by 1—Covag(Fymat+a,m4t)/Varag(ma,), where
Covao(Fymasya,mat)/Varag(may) is the estimated slope coefficient from the rolling regression.
Bems, et al. (2021) and Naggert, Rich, and Tracy (2023) construct anchoring measures that
are based on the deviation of expected inflation at various forecast horizons from the cen-
tral bank’s inflation target.” For comparison with our measure, we construct the time series
exp{—abs(Fymy 44, — )20}, where abs(Fymy ¢4, — 7%)20 is the 20-year rolling mean absolute
gap between professional economists’ one-year ahead inflation forecasts and an inflation tar-
get of 7 = 2%.19 A larger mean absolute gap serves to lower the anchoring measure while
the inverted exponential function delivers an index that ranges between 0 and 1. Figure B.1
plots the two alternative anchoring measures together with our autocorrelation-based anchor-
ing measure constructed using quarterly CPI inflation, analogous to the anchoring measure
plotted in Figure 1 for PCE inflation.

All three of the anchoring measures in Figure B.1 decline during the 1970s, rise gradually
or hold steady during the 1990s, trend up substantially during subsequent decades, and then
exhibit some modest end-of-sample declines. The correlation coefficient between the Lansing-
Nucera measure and our measure is 0.81. The correlation coefficient between the gap-based

measure and our measure is 0.88.

$Before 1981.Q3, expected inflation is the median response from the Philadelphia Fed’s semiannual Liv-
ingston Survey, interpolated to obtain quarterly values. Starting in 1981.Q3, expected inflation is the median
response from the Philadelphia Fed’s quarterly Survey of Professional Forecasters.

9Wieland (2009) constructs an endogenous indexation measure that depends on the deviation of recent
inflation from the central bank’s target.

Specifically, Fym4, 114 is the same median one year ahead inflation forecast employed by Lansing and Nucera
(2023).
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Figure B.1: Anchoring Measures for Short-Run Expected Inflation
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Notes: Our autocorrelation-based anchoring measure for short-run expected inflation comoves strongly
with a survey-based anchoring measure constructed by Lansing and Nucera (2023) that gauges how much
professional economists adjust their one-year ahead CPI inflation forecasts in response to movements
in 4-quarter CPI inflation. Our anchoring measure also comoves strongly with a measure that is based
on the mean absolute gap between professional economists’ one-year ahead inflation forecasts and an
inflation target of 7* = 2%.
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