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Abstract

If inflation expectations are well-anchored, then the Fed has a higher capacity
to support aggregate employment without destabilizing inflation. We construct a
proxy of the change in the Fed’s aggressiveness to inflation and develop an empirical
test for inflation expectations anchoring. The proxy for the Fed’s aggressiveness is
equal to changes in expectations of future policy rates that are unexplained by the
information in the inflation news release. The empirical test examines the sensitivity
of inflation expectations to monetary policy shocks conditional on that proxy. We
then use a measure of inflation expectations adjusted for inflation and liquidity
risk premia to demonstrate that bond yield data in the U.S. is consistent with the
anchoring of the long-term inflation expectations.
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1 Introduction

Central banks set a specific inflation target to control long-term inflation expectations.
The markets view the central bank’s inflation-targeting objective as its commitment to act
to keep inflation stable. Inflation-targeting regimes’ success is difficult to assess because
of alack of high-frequency survey data on long-term inflation expectations.

In this paper, we show that long-term inflation expectations in the U.S. are anchored
using daily bond yield data. If the market expects a strong reaction from the Fed to infla-
tion, then the monetary policy has a weaker effect on inflation expectations. The intuition
behind the mechanism is as follows. Inflation news affects market expectations of future
inflation and the Fed’s response at the next FOMC meeting. The Fed’s announcement of a
higher rate change than expected from the inflation news release shows that the markets
anticipate more aggressive reactions from the Fed in the future. If inflation expectations
are anchored, markets will not adjust inflation expectations as much.

To show that the effect of monetary policy on inflation expectations is weaker if the
markets expect the Fed’s inflation response to be more aggressive, we proceed in two
steps. First, we measure market expectations about the Fed’s reaction to inflation as a
residual from the regression of the expected future policy rate on inflation expectations
around the CPI release dates. Second, we estimate inflation expectations’ sensitivity to
monetary policy conditional on the expected Fed’s aggressiveness.

We use a simplified version of the monetary policy reaction function from Bauer and

Swanson (2023) to illustrate our approach. Let
i’ = ., + MP, (1)

where i f ol denotes the policy rate at time ¢, 7; denotes the inflation rate at time ¢, ¢
describes the Fed’s aggressiveness to inflation,! and M P, denotes a monetary policy
shock or exogenous random deviation from the Fed’s reaction function ¢;7m;. Due to
the Fed’s inflation targeting objective, aggressiveness ¢; is positive and time-varying. A
positive inflation shock leads to an increase in interest rates by the Fed. In the standard
model like the Taylor rule, ¢; is constant because the degree of monetary aggressiveness

is assumed to not vary over time. However, the degree of the Fed’s aggressiveness to

non

1In what follows, we use the terms "the Fed’s responsiveness to inflation", "the Fed’s aggressiveness",
and ¢, interchangeably.



inflation varies over time (see Bauer and Swanson (2023) for details). When the Fed is
pursuing inflation targeting, an inflation shock of the same magnitude will lead to a more
aggressive policy response (larger ¢;).

From the reaction function (1) it follows that there are three possible sources of
changes in the expected future policy rate over time horizon /: (1) changes in expectations
of future inflation; (2) changes in the expectations of the Fed’s aggressiveness; (3) changes
in the expectations of monetary policy shock:

AE i7" = Erprp x AE o+ AE by x Egiryp + AE.MPy ©)

where E;i E Zl is the time ¢ expected policy rate over horizon h, E;7; j, is the time ¢ average
expected inflation rate over h, E;¢, , is the time ¢ expected aggressiveness of the Fed over
h, and E; MP; j, is the expected monetary policy over h.

In the first step of our analysis, we identify changes in market expectations about the
Fed’s aggressiveness to inflation for each horizon h, AE;¢; j,, by estimating residuals from

an empirical counterpart of equation (2) at Consumer Price Index (CPI) news release

dates 7:
.pol,e _ e
Alr,h = ocAnT,h +e; 3)
.pol.e . . . .
where i f ‘;l ® is the time 7 measure of the expected future policy rate over horizon #,

and ”i, , is the time 7 measure of the average expected future inflation over h. Since
at CPI release dates markets do not expect monetary shocks (unless the CPI release
date coincides with the FOMC date), residual from this regression adjusted for expected
inflation, &; = %, provides an estimate of AE; ¢ . Positive € implies that markets have
revised their expectations about the Fed’s aggressiveness toward inflation upward.

In the second step, we show that inflation expectations react to monetary policy
news less if the markets revised their expectations about the Fed’s aggressiveness upward.
In other words, we estimate the inflation expectations’ sensitivity to monetary policy
conditional on the expectations about the Fed’s aggressiveness by running the following
regression:

Am¢ ), = BMP; + Y& + OMP; x &1 + 4)

where MP; is a measure of a monetary policy shock. The coefficient § represents the
differential market response to monetary policy based on expectations about the Fed’s

aggressiveness. The sum f + 6 corresponds to the inflation expectations’ sensitivity to



monetary policy shocks. If inflation expectations decrease after a monetary tightening
(B + 06 <0), given that the Fed is expected to have a stronger response to inflation (&; is
positive), a positive § implies that inflation expectations adjust less. This means that
the effect of monetary policy on inflation expectations is "undone" and hence inflation
expectations are anchored. If the Fed is thought to pursue a stronger response to control
inflation, then the markets do not respond as much to the current policy shocks.

The rest of this paper is organized as follows: in section 2 we review the related
literature, section 3 describes the data, section 4 describes the construction of all the
market-based measures of expectations needed for analysis, section 5 contains the em-

pirical results, and section 6 concludes.

2 Related Literature

This paper contributes to the broad literature that studies the effect of economic news on
asset prices by using high-frequency data and market-based measures of expectations.

One strand of this literature focuses on the effect of macroeconomic news on inflation
compensation. Giirkaynak, Levin, and Swanson (2010) show that inflation compensation
in the U.S., a country without an explicit inflation target, exhibits higher responsiveness
to economic news than that in the United Kingdom, a country with an explicit inflation
target.? Giirkaynak, Levin, and Swanson (2010) find that far-ahead nominal forward rates
are quite sensitive to news due to the variation in inflation expectations. In contrast,
Beechey and Wright (2009) estimate only a small response of forward inflation compen-
sation to real-side macroeconomic news. Bauer (2014) finds that inflation compensation
exhibits strong sensitivity to macroeconomic surprises, both for price-level news and
real-side news. The reason for this is that intraday data, although more precise, mask the
slightly delayed response to the announcements.

Another strand of this literature focuses on the effect of monetary policy news on asset
prices. The findings that were not consistent with the standard economic theory were
attributed to the "Fed Information Effect”". Romer and Romer (2000) show that the Fed’s
information about expected inflation that is not available to private forecasters can be

2The research on emerging economies usually employs low-frequency panel data and arrive to the
opposite conclusion about the effects of inflation targeting. For example, Stojanovikj and Petrevski (2021)
show that in emerging economies, inflation targeting is associated with lower average inflation (that has
negligible favorable effects, as compared to alternative monetary strategies), but it does not lower inflation
volatility.



inferred from their interest rate changes. Campbell, Evans, Fisher, Justiniano, Calomiris,
and Woodford (2012) provide evidence for the "Fed Information Effect" by documenting
that monetary policy contraction is associated with a significant downward revision
in Blue Chip forecasts of unemployment. Nakamura and Steinsson (2018) show that
monetary policy contraction is associated with a significant upward revision in Blue Chip
GDP forecasts. Lunsford (2020) analyzes the Fed’s forward guidance announcements
from 2000-2006 and finds evidence of a "Fed Information Effect" in the period from
2000-2005, but not afterward.

The closely related paper to ours is by Bauer and Swanson (2023) who find a similar
effect as Lunsford (2020) and present an alternate channel called the "Fed Response to
News" channel that can also explain the empirical results from Nakamura and Steinsson
(2018). The main idea is that incoming, publicly available economic news causes the Fed
to change monetary policy and the private sector to revise its forecasts. Their empirical
strategy includes economic news on GDP, unemployment, CPI, etc., and shows that
it is not only strongly correlated with Blue Chip forecast revisions, but also with high-
frequency monetary policy surprises which arrive after the economic news. This is
explained by the fact that markets do not have full information about the Fed’s reaction
function ex-ante. This leads to the predictability of monetary policy surprises ex-post,
even if these surprises were unpredictable ex-ante. Our methodology follows this channel
in using CPI release news revealed before the FOMC meeting that is not immediately
incorporated into the rates.

Our contribution is two-fold. First, we provide a new way to estimate the expected ag-
gressiveness of the Fed. Second, we document the dampened effect of forward guidance

conditional on the expected Fed’s aggressiveness.

3 Data

We employ the daily continuously compounded zero-coupon Treasury Inflation-Protected
Securities (TIPS)3 yields as measures of real interest rates and breakeven inflation rates
as measures of inflation expectations. For both, we use data constructed by Giirkaynak,

Sack, and Wright (2010). This data set is available for download on the Board of Governors’

3TIPS are fixed-income securities whose coupons and principal payments are indexed to the non-
seasonally adjusted CPI for all urban consumers.



website.* The data spans maturities from 2 to 20 years. We start our sample period on
January 1, 2005, to avoid relying on data from the period when TIPS liquidity was limited.
We end our sample on June 30, 2019.

Table 1 reports summary statistics of nominal Treasury yields, TIPS yields, and TIPS
inflation compensation from Giirkaynak, Sack, and Wright (2010) data. Nominal and real
yield curves and inflation compensation curves are upward-sloping. The skewness of
inflation compensation is negative over all horizons but becomes less negative for longer

maturities. The excess kurtosis, however, is positive and decreasing in maturity.

Table 1: Summary Statistics of the Giirkaynak, Sack, and Wright (2010) Data

Mean St.Dev. Min Max Skewness Excess
Kurtosis

Panel A: U.S. Treasury Nominal Interest Rates

i 1.74 1.44 0.16 5.25 0.93 -0.35
is 2.46 1.17 0.59 5.13 0.50 -0.76
i10 3.32 1.06 1.40 5.29 0.07 -1.38
i20 3.92 1.03 1.85 5.97 -0.00 -1.41

Panel B: TIPS Yields

rJIPS 012 129 220 548  0.93 1.91
rdIPS 059 107 -1.71 3.91 0.14 -0.47
rl {5 115 090 -0.85 3.75  -0.07 -0.83
TIPS

r 157 075 0.05 332  -0.06 -1.37

Panel C: TIPS Inflation Compensation

ICIPS 162 096 -4.89 322  -2.72 12.52
IcIPS 187 058 -1.78 290  -2.33 9.54
IC[[PS 217 041 017 3.00  -0.97 1.46
IC;/PS 235 045 082 338  -0.50 -0.27
N 4,121

The table shows summary statistics from Giirkaynak, Sack, and Wright (2010) data be-
tween January 1, 2005, and June 30, 2019.

To construct monetary policy shocks, we use the dates of FOMC meetings for our

4Available athttps: //www.federalreserve.gov/econres/feds/the-tips-yield-curve-and-inflation-compensa
htm.
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sample period from Nakamura and Steinsson (2018)° and daily data on Federal funds
futures, three-month Eurodollar futures, Treasury bond yields at maturities of 2-, 5- and
10-years from the Bloomberg terminal.

To construct changes in the expected aggressiveness of the Fed, we use the CPI news

release dates from the Bureau of Labor Statistics.®

4 Market-Based Measures of Expectations

The ultimate goal of this paper is to measure the sensitivity of inflation expectations to
monetary policy conditional on market expectations of the Fed’s reaction function. To
measure expectations of the Fed’s reaction function we additionally need a measure of the
expected future policy rate. In this section, we describe the construction of market-based
measures of (i) inflation expectations, (ii) monetary policy, (iii) expectations of the future

policy rate, and (iv) the expectations of the Fed’s aggressiveness.

4.1 Inflation Expectations

Market-based measures of inflation expectations provide a rich source of information to
investors, policymakers, and researchers. One of them is inflation compensation defined

as the difference between the interest rates on nominal and inflation-indexed bonds:
IC n=1irn—Tun (5)

where i; j, is the nominal interest rate for a zero-coupon bond of maturity £, r;, is the real
interest rate for a zero-coupon bond of maturity &, and IC; j, is inflation compensation
for the same maturity.

It is important to note that due to the risk of changes in inflation, inflation compensa-

tion is a noisy measure of inflation expectations. By standard economic theory
i[,h:r[,h+[E[ﬂt'h+IRP[,h (6)

where E;m; , is expected future inflation over h, and IRP; j, is an inflation risk premium.

SWe cross reference and verify these dates from the Board of Governors’ website at http://www.
federalreserve.gov/monetarypolicy/fomccalendars.html.
SAvailable at https://www.bls.gov/schedule/news_release/cpi.htm.
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https://www.bls.gov/schedule/news_release/cpi.htm

It measures the compensation that investors demand to cover the expected rate of future
inflation and the risks associated with the uncertainty of future inflation at a given horizon
and depends on the covariance between inflation and economic activity.

The most widely used real-time proxy for inflation expectations in the U.S. is the
"break-even inflation rate" (BEI) equal to the spread between yields on nominal Treasury
securities and on TIPS of comparable maturities.

However, even though the market for TIPS has grown substantially since its incep-
tion in 1997, the TIPS yield exceeds the true real interest rate due to the TIPS liquidity
premium:

rentS =rop+ LRP[TS (7)

where rtT,;[,P $ is the yield on TIPS, and LRP%P S is the TIPS liquidity premium.

Consequently, TIPS inflation compensation or BEI can be written as
IC] [P =+ IRP,, — LRP/[P® (8)

which implies that BEI deviates from inflation expectations either due to inflation risk
premium or TIPS liquidity premium.

The ultimate goal of this paper is to measure the sensitivity of inflation expectations
to monetary policy conditional on market expectations of the Fed’s reaction function.
That exercise will ideally require applying risk premia adjustments to BEI rates.

Nevertheless, we employ BEI as a measure of inflation expectations and leave the risk
premia adjustments for future research. Besides the fact that all estimates of the inflation
risk premium and liquidity premium in the literature are highly model-dependent, there
is vast empirical evidence suggesting that risk premia vary at business-cycle frequencies,
implying that they will be differenced out in the daily bond yield analysis.”

Bauer and Swanson (2023) show that economic news predicts high-frequency mone-
tary policy surprises. As per the Full Information Ration Expectations (FIRE) assumption,
markets would already incorporate all the publicly available information up until the
time of the trade. So, under FIRE, the only reason why Bauer and Swanson (2023) find
the predictability of high-frequency monetary policy surprises is the time-varying risk
premia. But, Piazzesi and Swanson (2008), Schmeling, Schrimpf, and Steffensen (2022)
and Cieslak and Schrimpf (2019) estimate that risk premia in these short-term interest

rate futures and monetary policy surprises are too small to explain the estimated degree

“See Cochrane and Piazzesi (2005) and Lustig, Roussanov, and Verdelhan (2014).



of predictability in the data. Hence, Bauer and Swanson (2023) operate under the as-
sumption that markets do not fulfill FIRE. Cieslak and Schrimpf (2019) and Schmeling,
Schrimpf, and Steffensen (2022) also show that markets do not have full information
about the Fed’s reaction function before the trade, leading to the predictability of high-
frequency monetary policy surprises ex-post. We, therefore, use inflation compensation
as a proxy measure for inflation expectations without explicitly taking into account the

role of risk premia.

4.2 Monetary Policy

We identify monetary policy shocks using a high-frequency identification method. High-
frequency identification controls for market expectations by considering changes in the
target rate within a small window and, thus, overcomes two empirical challenges in
identifying the effect of monetary policy. The first is that movements in the target rate
exhibit both the independent effects of monetary policy and shifts in demand for risk-free
assets because the Fed conducts policy endogenously in response to economic events
that affect interest rates in the economy. The second is that markets may expect Fed’s
future actions because Fed officials could signal upcoming rate changes. Thus, when the
Fed officially changes the target Federal funds rate, other rates may have already moved
in expectation, which may appear as if Fed policy had no effect.

To obtain a measure of shocks, we closely adhere to the methodology of Swanson
(2021) by considering the change in the policy indicator in a 1-day window around
scheduled FOMC announcements. The policy indicators we employ are the first three
principal components of the unanticipated changes over the 1-day windows from January
1, 1999, to June 30, 2019, in the following five interest rates: Federal funds rates futures for
the current month, Federal funds rates futures for the month of the next FOMC meeting,
eurodollars futures contracts at horizons of 2, 3, and 4 quarters, and 2-, 5-, and 10-year
Treasury yields.

We focus only on scheduled FOMC meetings as unscheduled meetings may occur
in response to other contemporaneous shocks. The outliers in a few periods can dispro-
portionately affect the estimation of shocks across all dates in the sample. To avoid this
problem, we follow Nakamura and Steinsson (2018) and Swanson (2021) who omit the
FOMC announcement on September 17, 2001, which took place before markets opened

but after financial markets had been closed for several days following the 9/11 terrorist



attacks.

We get the unanticipated changes in eight interest rates around FOMC meetings in
two steps. First, we convert prices of all five futures to expected yields, in percentage
points, by calculating y; = 100 — x;, where x; is the quoted price on the contract and y; is
the implied yield to maturity. Second, we difference all variables across a window around
FOMC announcements.

We scale changes in the Fed funds futures to take into account FOMC announcement
timing. Before an FOMC meeting, the anticipated yield at settlement for the Fed Funds
contracts expiring in the current month (f f1,_5;) is a weighted average of the average
Fed Funds rate before the announcement (rp) and the rate that is expected to hold for the
remainder of the month (r;):

dl D1-d1

ljpa;=—r19+———FE; A¢(r1)+ 014
Flear D10 D1 t-Ae(r) +ple-ar

where d1 is the day of the FOMC meeting, D1 is the number of days in the month and p1
denotes risk premium. The surprise component is the change in the Federal funds rate
target given by

mpl=(ffli=ffli-as) _br

D1-d1

As the window is small, we assume that the change in risk premium is zero. The same
procedure is then applied to changes in the Fed funds target after the second FOMC
meeting from now (r,). f f2 is the Fed funds futures rate for the month containing the
next FOMC meeting:
D2-d

fr2 =—F (r)+ ——E (ro) + p2
_ _aer _ae(r _
t—At Dot Al D2 t=At\I2) + P2yt

where d2 is the day of the next FOMC meeting, D2 is the number of days in the month
of that meeting and p2 denotes risk premium. Change in expectations for the second
meeting is then given by

a2 D2

mp2;=|(ff2:= ff2-a1) —Emlﬂt D2—d2

We collect these eight asset price responses into T x n matrix X,® with rows corre-

8T = 171 because there are 171 FOMC meetings from January 1, 1999, to June 30, 2019. 7 = 8 because we
use eight asset price changes.



sponding to FOMC announcements and columns to different assets. We normalize each
column of X to have zero mean and unit variance. As in Swanson (2021) and Giirkaynalk,

Sack, and Swanson (2005), we present these data in terms of a factor model,
X=FA+v 9)

where F is a T x 3 matrix containing 3 unobserved factors, A is a 3 x 8 matrix of loadings
of asset price responses on 3 factors, and v is a T x 8 matrix of white noise residuals
uncorrelated over time and across assets.

To estimate the unobserved factors F, we extract the first three principal components
of X and rotate them to interpret as (i) the surprise component of the change in the
Federal funds rate at each FOMC meeting, (ii) the surprise component of the change in
forward guidance, and (iii) the surprise component of any LSAP announcements. We
impose the following identifying assumptions on the orthonormal rotation matrix. First,
changes in forward guidance have no effect on the current Federal funds rate. Second,
changes in LSAPs have no effect on the current Federal funds rate. Third, the variance of
the LSAP factor is minimized in the pre-ZLB period corresponding to the sample from
January 1, 1999, to February 1, 2009.

We perform two normalizations of the rotated factors. First, the sign of the first
rotated column is such that it has a positive effect on the current Federal funds rate, the
second factor has a positive effect on the four-quarter-ahead Eurodollar future contract
ED4, and the third factor has a positive effect on the 10-year Treasury yield. This way
an increase in each of the factors corresponds to a monetary tightening. Second, we
normalize each rotated factor to have a unit standard deviation, so the coefficients in all
the regressions are in units of basis points per standard deviation change in the monetary
policy instrument.

We plot the estimated Fed funds rate, forward guidance, and LSAP factors in Figure 1
and show how they line up with FOMC announcements that had significant implications
for the LSAP factor. Events are QE1, the announcement of the original LSAP in November
2008; QE2, Bernanke’s August 2010 speech suggesting an expansion of LSAPs; QE3, FOMC
vote to buy $40b bonds per month in September 2012; Taper tantrum, Bernanke’s 2013
FOMC press conference suggesting that FOMC would wind down purchases of mortgage-
backed securities.

Table 2 reports the loading matrix implied by the identifying restrictions on the

10



Figure 1: Estimated Fed Funds Rate, Forward Guidance, and LSAP Factors

QE1 QE3 QE2 Taper tantrum
< [ |

: \MM | %&Mﬂwh w

A

V

%‘V [A‘:}VMWV)‘WWAW

2000 2005 2010 2015 2020
Year

Federal Funds Rate factor
Forward Guidance factor
LSAP factor

The figure displays the estimated Fed funds rate, forward guidance, and LSAP factors from
1999 to 2019. Events are QEI, the announcement of the original LSAP in November 2008;
QE2, Bernanke’s August 2010 speech suggesting an expansion of LSAPs; QE3, FOMC vote
to buy $40b bonds per month in September 2012; Taper tantrum, Bernanke’s 2013 FOMC
press conference suggesting that FOMC would wind down purchases of mortgage-backed
securities.
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rotation matrix. Our results are broadly consistent with Swanson (2021) in signs9 and the
magnitude of coefficients although we use daily rate data and employ a shorter sample to

identify monetary policy shocks.

Table 2: Estimated Effects of Monetary Policy on Interest Rates, 1999-2019

mpl mp?2 ed?2 ed3 ed4 2YTr. 5YTr. 10YTr.

Fed Funds 11.38***  7.81*%*  4.00**  3.58*** 2.83*** 1.92%% 1.19** (0.54***
(0.19) (0.17) (0.13) (0.06) (0.12) (0.14) (0.08) (0.10)

Forward -0.00 1.23%**  4.34** 557"  6.17*** 4.79** 4.77***  3.39%**
Guidance (0.13) (0.12) (0.10) (0.04) (0.08) (0.10) (0.06) (0.07)
LSAP 0.00 -1.41%*%  -1.64™*  -1.06*** -0.34** 0.91"** 2.85*** 3.32%**
(0.17) (0.15) (0.12) (0.06) (0.100 (0.13) (0.07) (0.09)
N 171 171 171 171 171 171 171 171
szdj 0.96 0.93 0.95 0.99 0.97 0.93 0.98 0.96

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

The table provides elements of the structural loading matrix, in basis points per standard
deviation change in the monetary policy instrument. mpl and mp2 denote the scaled
changes in the first and the third Federal funds futures contracts, ed2, ed3, and ed4
denote changes in the second through fourth Eurodollar futures contracts; and 2Y, 5Y,
and 10Y Tr. denote changes in 2-, 5-, and 10-year Treasury yields.

A one-standard-deviation increase in the Federal funds rate factor is estimated to
raise the current Federal funds rate by 11.4 basis points, the expected Federal funds
rate at the next FOMC meeting by about 7.8 basis points, the second, third, and fourth
Eurodollar futures rates by 4.0, 3.6, and 2.8 basis points respectively, and the 2-, 5-, and
10-year Treasury yields by about 1.9, 1.2, and 0.5 basis points respectively. The effects of a
surprise change in the Federal funds rate are largest at the short end of the yield curve
and die off monotonically as the maturity of the interest rate increases, in line with the
results from Kuttner (2001) and Giirkaynak, Sack, and Swanson (2005).

The second row suggests that the effect of forward guidance on asset prices is hump-
shaped peaking at approximately the one-year horizon and then diminishing at longer

horizons, consistent with Giirkaynak, Sack, and Swanson (2005) and Campbell, Evans,

9Note that we normalized shocks to correspond to monetary tightening - that is why the signs in the
third row are opposite to those in Swanson (2021).
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Fisher, Justiniano, Calomiris, and Woodford (2012).19

The third row implies that a one standard deviation tightening in LSAP causes the 2-,
5- and 10-year treasury yields to rise on average.'!

The estimates in this table are not only consistent with the literature but also suggest
that the identified factors used in the shock construction correspond to changes in the

Federal funds rate, forward guidance, and LSAPs.

4.3 Expectations of Future Policy Rate

Since monetary policy in the U.S. is dominated by three components — Fed funds rate,
forward guidance, and LSAP — we proxy expectations of the future policy rate at CPI
release dates by three (rotated) principal components from changes in the 8 interest
rates around CPI release dates. The rates we employ and identifying assumptions for
factors are the same as the ones used for monetary policy shocks. Each of the principal
components will correspond to the expectations about the Fed’s action in terms of each
policy instrument - Fed funds target, forward guidance, and LSAP. Figure 2 depicts the
resulting series. Given that these factors identify market expectations about future policy
rates, we can conclude that after the financial crisis, markets expected the Fed to operate

through forward guidance and LSAP instruments.

4.4 Expectations of the Fed’s Aggressiveness

We measure the expected Fed’s reaction to inflation by the residuals from the regression
given by'?
Fl=ao+mAIC, p+¢! (10)

where 7 indexes CPI announcement, F/ denotes monetary policy component j (either

the Fed funds rate, forward guidance, or LSAP), A is the daily change bracketing each

CPI announcement, ICy, is the BEI over maturity £, and ¢ is the regression residual. As a

result, we obtain three sets of residuals corresponding to three policy actions, estimated

for 19 different maturities from 2 to 20 years. The residual from ¢, identifies AE; ¢, x
Ev

E;ms n, so we define Ei n = IC., As ameasure of changes in expectation about the Fed’s
) T,

19The effect of forward guidance on the current Federal funds rate is zero by construction.

The effect of LSAP on the current Federal funds rate is zero by construction.

12This regression is the counterpart of (3). The only difference is the notation - we substituted it to the
estimated proxies for expectations obtained in the previous subsections.

13



Figure 2: Estimated Fed Funds Rate, Forward Guidance, and LSAP Factors around CPI
releases
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The figure displays the estimated Fed funds rate, forward guidance, and LSAP factors
from 1999 to 2019 around CPI releases. These factors measure expectations about future
policy rates. See text for details.
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aggressiveness.

By construction, the mean of each residual € from regression (10) around CPI releases
is zero.'® However, in our analysis we are going to use only residuals that precede FOMC
announcements, resulting in 112 observations.'*

In Figure 3, we display the averages of € — the estimated changes in expectation about
the Fed’s aggressiveness with respect to Fed funds rate, forward guidance, and LSAP
factors — for maturities from 2 to 20 years. Two observations stand out. The first is that
the average estimates of the change in the Fed'’s aggressiveness starting from maturity
of 10 years onward are very similar to those at longer maturities. This reflects strong
co-movement between nominal and real interest rates at longer maturities. The second
is that, due to negative inflation compensation observations, on average, for maturities
from 10 to 20 years, the markets expect the Fed to lower its aggressiveness through the

Fed funds rate and forward guidance and increase it through LSAP.

5 Empirical Results

In this section, we use market-based measures of expectations constructed in the previous
section to study the relationship between inflation expectations and monetary policy.
Our analysis comprises three steps. First, we document that our identified monetary
shocks have a significant effect on nominal interest rates. Second, we provide evidence
that real rates respond to forward guidance and LSAP shocks much stronger than nominal
rates. Therefore, inflation compensation responds systematically to monetary policy
shocks corresponding to forward guidance and LSAPs. Finally, we show that the response
of inflation compensation to monetary policy is lower when markets expect the Fed’s
reaction to inflation to be more aggressive. In other words, the interaction between
monetary policy and market expectations about Fed’s aggressiveness has an opposite

effect on inflation compensation to that of monetary policy.

5.1 The Effect of Monetary Policy on Nominal Interest Rates

In this subsection, we estimate the effects of the Fed funds rate, forward guidance, and

LSAP on the nominal interest rates derived from U.S. Treasury yields.

13There were 187 CPI releases during our sample period from January 1, 2005, to June 30, 2019.
14All the empirical results that follow are based on these 112 FOMC announcements.
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Figure 3: Estimated Change in the Fed’s Aggressiveness

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
maturity (years)

A E[¢] w.r.t. Fed Funds Rate
A E[¢] w.r.t. Forward Guidance
A E[¢] w.r.t. LSAP

The figure displays the average changes in expectation about the Fed’s aggressiveness
with respect to Fed funds rate, forward guidance, and LSAP factors for maturities from

2 to 20 years based on data from 2005 to 2019 for CPI releases that precede FOMC
announcements. See text for details.
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Table 3: Estimated Effects of Monetary Policy on U.S. Treasury Yields

Nominal Yield 2Y 5Y 10Y 20Y

Fed Funds 5.343***  3.258%** 0.964 -0.164
(0.673) (0.847) (0.901) (0.838)
Forward Guidance 3.982*** 4.316%** 2,965%** 1.006
(0.497) (0.625) (0.664) (0.618)

LSAP 3.305%%*  6.251%F*  6.404%**  4.265%**
(0.498) (0.627) (0.667)  (0.620)
constant -0.023 0.064 0.191 0.583
(0.426)  (0.536) (0.570)  (0.530)
N 112 112 112 112
R? dj 0.64 0.63 0.54 0.32

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

Coefficients § from regression (11). Coefficients are in units of basis points per standard
deviation change in the monetary policy instruments. The sample period is all regularly
scheduled FOMC meetings from January 1, 2005, to June 30, 2019.

Each column of Table 3 provides estimates from an OLS regression of the form
Nigp=a+Flf+u; (11)

where ¢ indexes FOMC announcements, i; , denotes nominal yields at a given maturity h,
F denotes the monetary policy factors, and A is the daily change bracketing each FOMC
announcement, and u is a regression residual. The coefficients are in units of basis points
per standard deviation surprise in each monetary policy component.

Figure 4 plots the results of these regressions for the effects of the Federal funds rate
tightening (top panel), the effects of forward guidance tightening (middle panel), and the
effects of LSAP tightening (bottom panel) on nominal interest rates for maturities from 2
to 20 years. The solid blue line in each panel plots the point estimates f as a function of
maturity &, and the shaded grey area contains +1.96-standard-error bands around those
estimates.

The first row of Table 3 and the top panel of Figure 4 suggest that a one standard
deviation increase in the Federal funds rate causes the 2-year Treasury yields to rise about

5.3 basis points, with effects on longer-term yields that decrease monotonically with
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Figure 4: Estimated Effects of Federal Funds (top panel), Forward Guidance (middle
panel), and LSAP (bottom panel) Tightening on Nominal Interest Rates

bp/sd
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Estimated coefficients ,3 (solid blue line) and +1.96-standard-error bands (shaded area) are from regression

(11) for maturities from 2 to 20 years. The sample period is all regularly scheduled FOMC meetings from
January 1, 2005, to June 30, 2019.



maturity, becoming statistically insignificant at maturity of 8 years.

The second row of Table 3 and the middle panel of Figure 4 show that a one standard
deviation increase in forward guidance has a hump-shaped effect on the yields curve,
with a peak at the 4-year maturity.

The third row of Table 3 and the bottom panel of Figure 4 imply that a one standard
deviation tightening in LSAP is also hump-shaped, peaking at the maturity of 7 years.

5.2 The Effect of Monetary Policy on Real Interest Rates and Inflation

Compensation

Having established that our identified shocks have a similar effect on nominal yields as
documented in Swanson (2021), in this subsection, we turn to the effect of monetary
policy on real interest rates and inflation compensation.

We start by estimating the effect of monetary policy on real interest rates measured
by the TIPS yields. Each column of Table 4 provides estimates from an OLS regression of
the form

Argp=a+FB+u; (12)

where ¢ indexes FOMC announcements, r;; denotes TIPS yields at a given maturity
h, F denotes the monetary policy factors, A is the daily change bracketing each FOMC
announcement, and u is a regression residual.

Figure 5 plots the results of these regressions for the effects of the Federal funds rate
tightening (top panel), the effects of forward guidance tightening (middle panel), and the
effects of LSAP tightening (bottom panel) on real yields for maturities from 2 to 20 years.
The solid blue line in each panel plots the point estimates f as a function of maturity h,
and the shaded grey area contains +1.96-standard-error bands around those estimates.

Table 4 and Figure 5 suggest that real yields respond to an increase in the Federal
funds rate slightly less than nominal yields. Meanwhile, the response of real yields to
a forward guidance shock is much stronger than that of nominal yields. For the LSAP
shock, real yields respond more than nominal yields at shorter maturities but at longer
maturities, the effects on real and nominal yields are somewhat similar.

The combined evidence of monetary policy effects on nominal and real yields suggests
that inflation will not respond to the shocks in the Fed funds rate, but will respond to
shocks in forward guidance at all maturities, and to shocks in LSAP at short maturities.

Our conjecture is readily verified by Table 5 and Figure 6 that display estimates from an
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Figure 5: Estimated Effects of Federal Funds (top panel), Forward Guidance (middle
panel), and LSAP (bottom panel) Tightening on Real Yields
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Estimated coefficients ,3 (solid blue line) and +1.96-standard-error bands (shaded area) are from regression

(12) for maturities from 2 to 20 years. The sample period is all regularly scheduled FOMC meetings from
January 1, 2005, to June 30, 2019.
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Table 4: Estimated Effects of Monetary Policy on U.S. TIPS Yields

TIPS Yield 2Y 5Y 10Y 20Y

Fed Funds 4.778***  2.536** 1.244 0.747
(1.308) (1.063) (0.966) (0.846)

Forward Guidance 7.381*** 6.389*** 4,590*** 2 852%***
(0.965) (0.784) (0.712) (0.624)

LSAP 5.504%%*  6.719*** §.358** 4075+
(0.968) (0.787)  (0.715)  (0.627)
constant -0.749  -0.516  -0.355  -0.433
(0.828) (0.673) (0.611)  (0.535)
N 112 112 112 112
R? dj 0.51 0.60 0.56 0.39

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

Coefficients  from regression (12). Coefficients are in units of basis points per standard
deviation change in the monetary policy instruments. The sample period is all regularly
scheduled FOMC meetings from January 1, 2005, to June 30, 2019.

OLS regression of the form

AIC,p=a+F+u; (13)

where ¢ indexes FOMC announcements, IC; j denotes inflation compensation over
a given maturity h, F denotes the monetary policy factors, and A is the daily change
bracketing each FOMC announcement.

The first row of Table 5 and the top panel of Figure 6 show that a one-standard-
deviation increase in the Federal funds has essentially no effect on the inflation compen-
sation.

The second row of Table 5 and the middle panel of Figure 6 show that a one-standard-
deviation increase in the forward guidance has a negative but diminishing effect on
the inflation compensation. The response of the inflation compensation implied by
two-year rates is strongest and statistically significant amounting to -3.4 basis points per
standard deviation. It gradually levels off to about -1.9 basis points at the 20-year maturity.
All coefficients are highly statistically significant. This evidence suggests that inflation

compensation responds systematically to monetary policy shocks corresponding to
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Figure 6: Estimated Effects of Federal Funds (top panel), Forward Guidance (middle
panel), and LSAP (bottom panel) Tightening on Inflation Compensation
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Estimated coefficients ,3 (solid blue line) and +1.96-standard-error bands (shaded area) are from regression
(13) for maturities from 2 to 20 years. The sample period is all regularly scheduled FOMC meetings from
January 1, 2005, to June 30, 2019.
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Table 5: Estimated Effects of Monetary Policy on U.S. Inflation Compensation

Inflation Compensation 2Y 5Y 10Y 20Y
Fed Funds 0.565 0.723 -0.280 -0.911*
(1.047) (0.621) (0.513) (0.548)
Forward Guidance -3.398%**  -2,073***  -1.624*** -1.846%**
(0.772) (0.458) (0.378) (0.404)
LSAP -2.199%** -0.468 0.046 0.190
(0.775) (0.460) (0.379) (0.406)
constant 0.726 0.581 0.546* 1.015%**
(0.662) (0.393) (0.324) (0.347)
N 112 112 112 112
Ridj 0.20 0.16 0.12 0.15

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

Coefficients § from regression (13). Coefficients are in units of basis points per standard
deviation change in the monetary policy instruments. The sample period is all regularly
scheduled FOMC meetings from January 1, 2005, to June 30, 2019.

changes in the forward guidance.

The third row of Table 5 and the bottom panel of Figure 6 show that a one-standard-
deviation contraction in the LSAPs has a negative effect on the inflation compensation
only at short maturities of 2 and 3 years. The response of the inflation compensation
implied by two-year rates is -2.2 basis points per standard deviation. The response is not
significant for maturities from 4 to 20 years.

The main result of this subsection is that inflation compensation responds systemati-
cally to monetary policy shocks corresponding to changes in the forward guidance across
all maturities and LSAPs at short maturities. In the next subsection, we will explore if the
expectations about the Fed’s aggressiveness dampen inflation expectations’ response to

forward guidance (at all maturities) and LSAP (at short maturities).

5.3 The Effect of Monetary Policy on Inflation Compensation Condi-
tional on the Expected Aggressiveness of the Fed

In this subsection, we examine the effect of monetary policy on inflation compensation

conditional on the change in the expected aggressiveness of the Fed. We show that at
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long maturities, the interaction between the forward guidance instrument and changes
in market expectations about the Fed’s aggressiveness has an opposite effect to that of
monetary policy on inflation compensation. That is, given that markets expect the Fed to
be more (less) aggressive, they adjust inflation expectations less (more).

To explore the effects of monetary policy on inflation compensation conditional on
the change in the expected aggressiveness of the Fed, we estimate the OLS regressions of
the form

3 3 3
AICT =a+ ) BiFj+) vi€jr+ ) 6iFi&jr+u (14)
j=1 j=1 j=1

where t indexes FOMC announcements, T indexes the last CPI announcement preceding
FOMC announcement ¢, IC denotes inflation compensation at a particular maturity m,
A the daily change bracketing each FOMC announcement, F the monetary policy factors
estimated above, € market expectations about Fed’s aggressiveness given by an estimated
residual from regression 10, FZ an interaction between the monetary policy factors and
market expectations about Fed’s aggressiveness, and u a regression residual.

Even though by standard economic theory monetary policy tightening should lead
to lower inflation (implying  + 6 < 0), the coefficient 6 does not necessarily have to be
positive for all maturities to counteract the effects of the monetary tightening. First, in
the context of expected inflation anchoring we are primarily interested in the far-ahead
expectations, beyond 10 years. This horizon is sufficiently far out so that movements in
inflation compensations at these maturities are not attributable to transitory responses
of the economy to a shock. Second, because the inflation compensation time series
includes some negative observations, revisions in the expected Fed’s aggressiveness can
be negative. If so, a negative 6 will imply anchoring.

From Table 5 and Figure 6 in the previous section, we saw that inflation compensation
responds negatively only to forward guidance tightening at all maturities.!> We also saw
in Figure 3 that, on average, the estimated change in the Fed’s aggressiveness through
forward guidance was negative. Therefore, we expect coefficient 6 corresponding to the
interactions with forward guidance to be negative at longer maturities to counteract the
effects of these shocks.

Table 6 reports the responses of inflation compensation at maturities of 2-, 5-, 10-

and 20 years to changes in three monetary policy factors and their interactions with the

15We also saw that the inflation compensation responds negatively to LSAP tightening for maturities of 2
and 3 years, but these horizons are too short for standard economic models to return to steady state.
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corresponding expectations about the Fed’s aggressiveness over the sample from January
1, 2005, to March 20, 2019. As in Table 5, the coefficients in Table 6 are in units of basis
points per standard deviation tightening surprise in each monetary policy instrument.

Figure 7 plots the estimated coefficients f and é from these regressions for the effects
of the Federal funds rate tightening (top panel), the effects of forward guidance tightening
(middle panel), and the effects of LSAP tightening (bottom panel) on inflation compensa-
tion for maturities from 2 to 20 years. The solid blue line in each panel plots the point
estimates 3 for each maturity, and the shaded blue area contains +1.96-standard-error
bands around those estimates. The solid orange line in each panel plots the point esti-
mates 6 for each maturity, and the shaded orange area contains +1.96-standard-error
bands around those estimates.

Our conjecture about negative 4 in front of the forward guidance interaction is verified
by columns (4) and (5) of Table 6 and the middle panel of Figure 7: for maturities longer
than 10 years, the interaction term is significant and negative. For maturities below 10
years, it is not significant.

The evidence in this section suggests that inflation expectations are anchored because
their response to monetary policy is smaller than that if expectations are de-anchored. If
during the CPI release before the FOMC meeting markets expected Fed to be more ag-
gressive through forward guidance tightening, inflation compensation does not decrease
as much. On the contrary, the expectation of the Fed’s reaction through the Fed funds
rate and LSAP formed during the CPI release does not matter for the markets since it is

counteracted by the incoming news about the Fed’s future policies.

6 Conclusion

In this paper, we used daily bond yield data to show that the sensitivity of inflation
expectations to forward guidance is lower if the Fed is expected to be more aggressive
to inflation. Intuitively, the Fed announcement leading to a rate change that is higher
than expected from an important news release about inflation indicates that the markets
expect the Fed to react more aggressively in the future. If inflation expectations are
anchored, markets will not adjust inflation expectations as much.

The main contribution of this paper is to provide a market-based measure of the
expected Fed’s aggressiveness to inflation. We do this by extracting residuals from a

regression of the changes in future policy rates on changes in inflation expectations.
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Table 6: Sensitivity of Inflation Compensation to Monetary Policy Conditional on the
Expected Aggressiveness of the Fed

Inflation Compensation 2Y 5Y 10Y 15Y 20Y
Fed Funds 0.333 0.268 -0.750 -0.949*  -1.106**
(1.039) (0.633) (0.537) (0.510) (0.546)
Forward Guidance -3.021%%%  -1.792%%*%  -1.656™** -1.621%** -1.774***
(0.829) (0.518) (0.448) (0.425) (0.455)
LSAP -1.459 0.167 0.380 0.810* 1.308***
(0.934) (0.564) (0.474) (0.457) (0.496)
&1 -0.717  -1.692***  0.084 0.137 0.700
(2.378) (0.579) (1.156) (1.294) (1.330)
& 0.168 -0.156 -0.342 0.212 0.336
(0.529) (0.621) (0.751) (0.754) (0.797)
&3 0.312 0.635 1.127 0.325 0.414
(0.551) (0.648) (0.945) (0.883) (0.871)
F x &, -2.822 -1.214*  -1.812**  -1.213* -0.260
(2.176) (0.621) (0.564) (0.681) (0.723)
Fy x & -0.306 -0.016 -1.060 -1.631**  -1.776**
(0.426) (0.598) (0.723) (0.725) (0.773)
F3 x &5 0.174 0.030 -0.050  -0.774%* -1.073***
(0.154) (0.162) (0.272) (0.272) (0.283)
constant 0.820 0.512 0.604*  0.829***  0.988***
(0.690) (0.399) (0.326) (0.309) (0.332)
N 112 112 112 112 112
Rfldj 0.25 0.23 0.18 0.24 0.28

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

The table provides estimates of regression (14). Coefficients are in units of basis points
per standard deviation change in the monetary policy instruments. The sample period is
all regularly scheduled FOMC meetings from January 1, 2005, to June 30, 2019.
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Figure 7: Effects of Monetary Tightening Conditional on the Expected Fed’s Aggressiveness
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Estimated coefficients B (solid blue line) with +1.96-standard-error bands (shaded blue
area) and estimated coefficients é (solid orange line) with +1.96-standard-error bands
(shaded orange area) are from regression (14). The sample period is all regularly sched-
uled FOMC meetings from January 1, 2005, to June 30, 2019. See the text for details.
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Our main findings can be summarized as follows. First, we provide evidence suggest-
ing that conventional monetary policy does not affect inflation compensation, whereas
forward guidance tightening reduces inflation compensation, and LSAP tightening re-
duces inflation compensation at short horizons. Second, we show that the interaction
between forward guidance and the expected Fed’s aggressiveness at long maturities
increases inflation compensation, partially counteracting the effect of the forward guid-
ance tightening. Our findings are consistent with the anchoring of long-term inflation

expectations.
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