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We estimate perceptions about the Federal Reserve’s monetary policy rule
from panel data on professional forecasts of interest rates and macroeconomic
conditions. The perceived dependence of the federal funds rate on economic con-
ditions varies substantially over time, in particular over the monetary policy cy-
cle. Forecasters update their perceptions about the Fed’s policy rule in response
to monetary policy actions, measured by high-frequency interest rate surprises,
suggesting that they have imperfect information about the rule. Monetary pol-
icy perceptions matter for monetary transmission, as they affect the sensitivity
of interest rates to macroeconomic news, term premia in long-term bonds, and
the response of the stock market to monetary policy surprises. A simple learning
model with forecaster heterogeneity and incomplete information about the policy
rule motivates and explains our empirical findings. JEL codes: E43, E52, E58.

I. INTRODUCTION

Over the past 30 years, the Federal Reserve and other cen-
tral banks have increasingly focused on communicating monetary
policy strategy to the public. Underlying this trend is the idea
that public perceptions about the central bank’s policy framework
and strategy determine the macroeconomic effectiveness of mon-
etary policy. Monetary transmission depends on expectations of
future policy because expectations drive long-term interest rates
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and other asset prices.! But what monetary policy strategy does
the public perceive? How do these perceptions vary over the cycle
and in response to policy actions? What role do they play in the
transmission of monetary policy to financial markets?

Empirical progress on these questions requires a measure
that captures the public’s forward-looking perceptions of how
the Fed will respond to future economic data at each point in
time. Importantly, the perceived policy framework may differ
from the Fed’s historical behavior. Since Taylor (1993, 1999),
however, empirical policy rules have typically been estimated
in time-series data by regressing the policy rate onto macroe-
conomic conditions.? Such estimates cannot speak to the role
of public perceptions about the monetary policy framework be-
cause they are based on historical data and thus inherently
backward-looking.

In this article, we estimate perceived, forward-looking mone-
tary policy rules each month using rich survey data from the Blue
Chip Financial Forecasts (BCFF) spanning almost four decades
of U.S. monetary policy. We characterize time variation in the es-
timated rules, their relationship to actual monetary policy deci-
sions, and their influence on financial markets.

For each monthly survey from January 1985 to May 2023,
we form a forecaster-by-horizon panel, which consists of forecasts
for the federal funds rate, output gap, and inflation across 30-50
forecasters and horizons from zero to five quarters. We estimate
a perceived monetary policy rule that relates fed funds rate fore-
casts to macroeconomic forecasts in each month’s panel. We also
estimate an inertial perceived rule that includes lagged funds
rate forecasts. All our subsequent analyses consider both types
of rules, and we find broadly similar results.

1. Extensive theoretical and empirical research has documented the impor-
tance of monetary policy perceptions for macroeconomic stability and the effec-
tiveness of monetary policy; see, for example, Cukierman and Meltzer (1986),
Clarida, Gali, and Gertler (2000), Orphanides and Williams (2004), Eusepi and
Preston (2010), Cogley, Matthes, and Sbordone (2015); Blinder et al. (2008) for a
survey; and Bernanke (2010) for a central banker’s perspective. These perceptions
are also crucial for the financial market effects of monetary and macroeconomic
news (Piazzesi 2005; Cieslak 2018; Bianchi, Lettau, and Ludvigson 2022; Bauer
and Swanson 2023a; Elenev et al. 2024).

2. Studies estimating low-frequency changes in the monetary policy rule us-
ing historical data include Clarida, Gali, and Gertler (2000); Kim and Nelson
(2006); Boivin (2006); Orphanides (2003); Cogley and Sargent (2005).
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Our estimation yields perceived response coefficients for the
output gap, 7, and inflation, B;. We focus our analysis on the per-
ceived output-gap coefficient, 7, for two reasons. First, inflation
was low and stable over our sample. Second, BCFF collects fore-
casts of headline CPI inflation, which reflect noisy short-term in-
flation fluctuations, whereas monetary policy tends to focus on
longer-term inflation pressures. We interpret the output-gap co-
efficient 7, as a measure of the Fed’s perceived responsiveness to
economic conditions.

Our first key finding is that the perceived monetary pol-
icy rule exhibits substantial variation over time. The Fed’s per-
ceived responsiveness to the output gap, 7, varies between 0
and about 1.5. The perceived monetary policy rule often lines up
with rolling estimates of the Fed’s historical behavior from time-
series macroeconomic data. However, during several episodes,
our forward-looking perceived rule diverges from the histori-
cal, backward-looking rule. This divergence is particularly pro-
nounced during episodes with strong forward guidance, including
zero lower bound (ZLB) and liftoff periods.

The perceived policy rule varies systematically over the mon-
etary policy cycle and with uncertainty. The coefficient 7; tends to
be high in the early stages of monetary tightening cycles, when
the slope of the yield curve is high, indicating that the Fed is per-
ceived to be strongly data-dependent at these times. Conversely,
7¢ tends to be low in monetary easing episodes and when uncer-
tainty is high. At these times, the Fed is viewed to be less re-
sponsive to standard indicators of economic activity such as the
output gap, perhaps because it is putting more weight on risks
not captured by these indicators.

Section III shows that policy perceptions respond to high-
frequency monetary policy surprises around Federal Open Mar-
ket Committee (FOMC) announcements in a state-contingent
way. How forecasters update their beliefs suggests that they have
imperfect information about the policy rule and learn from ob-
served policy decisions. Intuitively, a surprise tightening during
an economic expansion signals to forecasters that the Fed’s re-
sponse to economic activity is stronger than expected, while a sur-
prise tightening in a weak economy signals the opposite. We con-
firm this prediction in the data: §; increases after a positive high-
frequency monetary policy surprise when the economy is strong,
but declines following the same type of surprise when the econ-
omy is weak. The magnitude of the empirical response suggests
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that monetary policy surprises on FOMC dates would be 50% less
volatile if the monetary policy rule were fully known.

Having characterized variation in the perceived monetary
policy rule over time and in response to monetary policy decisions,
we show that these shifting perceptions matter for the key asset
prices that transmit monetary policy to the real economy: short-
and long-term interest rates and stock prices.

Section IV.A documents that market interest rates react
more strongly to macroeconomic news when the Fed’s perceived
responsiveness 7; is high. This high-frequency analysis validates
our survey-based estimates of }; using financial market data and
suggests that they are consistent with the “market-perceived pol-
icy rule” of Hamilton, Pruitt, and Borger (2011). It also con-
nects our perceived policy rule to the results of Swanson and
Williams (2014), who document changes in the market’s sensitiv-
ity to macroeconomic news at the ZLB. Economically, our results
show that monetary policy perceptions can “do the central bank’s
work for it” (Woodford 2005), moving the expected path of rates
in response to economic developments before the Fed changes the
actual policy rate.?

Shifts in the perceived monetary policy rule also have a pro-
nounced effect on long-term interest rates, which are particularly
important for transmitting monetary policy. Section IV.B shows
that policy-rule perceptions affect the term premium in long-
term bond yields, driving a wedge between long-term rates and
expected short-term rates. Classic finance theory suggests that
when 7; is higher, investors expect interest rates to fall more, and
hence bond prices to rise more, in bad economic states, that is,
when the output gap is low. Thus, they believe Treasury bonds
are better hedges and require a lower term premium for holding
them. We document precisely this pattern: both subjective term
premia, calculated from survey expectations of future yields, and
statistical term premia, estimated with predictive regressions,
move inversely with j;.

These results can help explain the reaction of long-term bond
yields to monetary policy decisions (e.g., Hanson and Stein 2015;
Nakamura and Steinsson 2018). Monetary policy has stronger ef-
fects on long-term yields if policy decisions affect perceptions of

3. In a recent paper, Elenev et al. (2024) use our estimates of 7 to show that
the sensitivity of stock prices to macro news also depends on monetary policy
perceptions.

G20z Jequiajdag z| uo Jasn Jusweda(q s|euas Aq 980669./.222/+/6€ L/o1o1e/alb/wod dno-oiwepeoe)/:sdjy Woly papeojumoq



PERCEPTIONS ABOUT MONETARY POLICY 2231

the monetary policy rule, which in turn affect term premia. Our
mechanism predicts that the impact of policy surprises on term
premia should be most pronounced when the economy is wealk,
that is, the impact should be state-contingent. A surprise tighten-
ing in a weak economy leads investors to revise y; downward, rais-
ing term premia. Thus, long-term yields should rise more than
they would following the same surprise in a strong economy, when
7 and term premia move in the other direction. In Section IV.C,
we find strong evidence for such state dependence, extending com-
monly used event-study regressions to document a stronger re-
sponse of long-term rates to policy surprises in a weak economy
than in a strong economy. These results provide additional evi-
dence of updating about the perceived rule, and its effect on term
premia, without relying on our survey-based estimate ;.

We show in Section IV.D that the stock market’s response
to monetary policy also depends strongly on the perceived mon-
etary policy rule. Using high-frequency regressions of stock re-
turns on interest rate surprises around FOMC announcements
(as in Bernanke and Kuttner 2005), we document that the mar-
ket response to a tightening surprise is significantly more nega-
tive when 7; is low. This result suggests that investors anticipate
more pronounced economic consequences from a monetary policy
shock when the Fed is perceived to be less responsive to economic
conditions, consistent with standard New Keynesian theory.

In Section V we present a simple model with forecaster het-
erogeneity and imperfect information about the policy rule that
motivates and explains our empirical findings. The true policy
rule is time-varying and unobserved by forecasters, who learn
about it from policy-rate decisions. Forecasters receive differ-
ent signals about the output gap and form policy-rate forecasts
according to their perceived rule. According to the model, re-
gressions of policy-rate forecasts on output-gap forecasts in a
forecaster-horizon panel recover the policy-rule coefficient per-
ceived by forecasters. The model predicts that forecasters update
their perceived coefficient upward after a surprise tightening in
a strong economy but update downward after a surprise tighten-
ing in a weak economy. It also predicts that fed funds futures re-
spond more strongly to macro news when the perceived coefficient
is high, that term premia are inversely related to the perceived
coefficient, and that long-term yields respond more strongly to
monetary policy surprises when the economy is weak. All these
predictions are confirmed in the data.
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Finally, Section VI shows that our estimates are robust
to various changes in the policy-rule specification, estimation
method, and data sources. Linking policy-rule beliefs over time
using a state-space model or augmenting the perceived rule to
include expected financial conditions has little effect on our es-
timates of 75. We account for heterogeneity in beliefs about the
policy rule across forecasters in several different ways. Account-
ing for heterogeneity does not significantly change the time-series
variation that is the focus of this article. We also address the well-
known concern that policy-rule regressions can yield biased esti-
mates because macroeconomic variables endogenously depend on
all shocks in the economy, including the monetary policy shock.
Building on Carvalho, Nechio, and Tristao (2021), we use a model
that captures this endogeneity bias and show that such bias is un-
likely to affect the time-series variation in 7 and hence our main
results. In addition, our results in Sections III and IV strongly
support an interpretation of p; as a perceived policy-rule coeffi-
cient. Nevertheless, many of the takeaways from our empirical
analysis remain valid under a more general, noncausal interpre-
tation of 7, as the perceived endogenous comovement between the
short-term policy rate and macroeconomic variables. For exam-
ple, under this broader interpretation, our results show that per-
ceived comovement is priced in financial markets and influences
term premia.

In summary, using a novel methodology for estimating per-
ceptions of the monetary policy rule from professional forecasts,
we establish three key empirical results. First, the perceived mon-
etary policy rule varies significantly and systematically over time.
Second, the way forecasters update their beliefs suggests that
they have incomplete information about the policy rule and learn
about it from policy actions. Third, variation in the perceived rule
impacts the transmission of monetary policy to financial markets,
affecting the sensitivity of interest rates to macro news, the term
premium in long-term bond yields, and the reactions of yields and
stock prices to FOMC announcements.

By providing estimates of the perceived monetary policy rule,
this article contributes to the literature on incomplete informa-
tion and monetary policy (Blinder et al. 2008; Eusepi and Preston
2010; Taylor and Williams 2010; Cogley, Matthes, and Sbordone
2015). We document that investors learn about the rule from pol-
icy decisions and that their perceptions are transmitted to finan-
cial markets. Caballero and Simsek (2022) study disagreement
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and learning in the context of monetary policy, but with a dif-
ferent focus. They model disagreement between the Fed and the
public about the economic outlook, providing a microfoundation
for monetary policy surprises in the presence of a constant and
known monetary policy objective. By contrast, we provide evi-
dence suggesting incomplete information about the monetary pol-
icy rule. Our findings are complementary to Stein and Sunderam
(2018), who examine strategic communication between the cen-
tral bank and market participants. Our work also connects to the
debate on rules versus discretion in monetary policy going back
to Kydland and Prescott (1977) and Taylor (1993) because time
variation in the perceived monetary policy rule is potentially con-
sistent with the Fed exercising significant discretion.

Methodologically, our article builds on previous work that
estimates monetary policy rules from financial market and sur-
vey data. The main idea in this literature is to take the concept
of an empirical monetary policy rule—in the manner of Taylor
(1999)—and apply it to forward-looking data. Some papers have
estimated perceived policy rules using consensus survey forecasts
(e.g., Bundick 2015; Kim and Pruitt 2017; Jia, Shen, and Zheng
2023), while others have used individual forecasts to estimate
constant-parameter rules, potentially allowing for a single pa-
rameter break (Carvalho and Nechio 2014; Andrade et al. 2016,
2019). We make two related contributions to this literature. First,
in contrast to prior work, we estimate the perceived rule in each
monthly survey, using variation across both forecasters and hori-
zons to pin down the rule’s parameters. Second, we relate month-
to-month shifts in the perceived rule to monetary policy actions
and the key asset prices responsible for monetary policy trans-
mission. Our results suggest that the perceived monetary policy
rule is an important determinant of risk premia and that FOMC
announcements influence asset prices in part by changing percep-
tions of the policy rule.

Within the macro-finance literature on the financial market
effects of monetary policy, this study is closely related to recent
work on incomplete information and policy perceptions. Bauer
and Swanson (2023a, 2023b) argue that high-frequency monetary
policy surprises are predictable because investors do not know
the Fed’s monetary policy rule. Our results are consistent with
this incomplete information view of monetary policy and further
show that forecasters update their perceived rule in response
to Fed policy actions. Bianchi, Ludvigson, and Ma (2023) study
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FOMC announcements and perceptions of regime-switching pol-
icy rules in a structural New Keynesian asset-pricing model.
While we model perceptions about monetary policy using continu-
ously evolving parameters in the policy rule, our estimates could
also be interpreted as reflecting shifting beliefs about the like-
lihood of future policy regimes. More generally, our empirical ap-
proach differs from earlier studies on monetary policy perceptions
as we estimate policy-rule perceptions from survey data, study
time variation in the perceived monetary policy rule, and directly
assess its transmission to financial markets.

II. THE PERCEIVED MONETARY PoLicYy RULE

In this section, we describe how the perceived monetary pol-
icy rule is estimated and characterize its cyclical patterns.

II.A. Blue Chip Survey Data

BCFF is a monthly survey of professional forecasters going
back to 1982. The survey asks for forecasts of interest rates, in-
cluding the federal funds rate, various Treasury yields, and cor-
porate bond yields. In addition, forecasters are queried about
the macroeconomic assumptions underlying their rate forecasts,
specifically, their growth and inflation forecasts. The number of
participating institutions, each identified by name, ranges from
30 to 50 across surveys. We start our sample in January 1985, be-
cause the quality of the data is poor in earlier years. Our sample
ends in May 2023 for a total of 461 monthly surveys.

Forecasts are made for quarterly horizons from the current
quarter out to five quarters ahead.* We denote the forecast of in-
stitution j made at ¢ for a generic variable y by Et(J )yt+h. We mea-
sure time ¢ in months as the Blue Chip survey is monthly. Since
forecasts are for end-of-quarter observations, the monthly horizon
h depends on both the survey month and the forecast horizon. For
example, for the one-quarter-ahead forecast in the January 2000
survey, ¢ + h corresponds to June 2000 and 2 = 5.

We specify policy rules for the federal funds rate, the Fed’s
policy rate, denoted by i;. Since empirical monetary policy rules
are usually specified in terms of year-over-year inflation, r,
and the output gap, x;, we compute these measures from the

4. Before 1997, the forecast horizon extends out only four quarters.
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macroeconomic forecasts in the BCFF. Year-over-year CPI infla-
tion forecasts, denoted as Et(J )JTt+h, are calculated from quarterly
forecasts and, for short horizons, observed CPI inflation. To cal-
culate output-gap forecasts, Et(J )xt+h, we impute forecasts for the
level of real GDP from GDP growth forecasts and take projections
of potential GDP from the Congressional Budget Office (CBO), us-
ing real-time data at the time of the survey for most of our sample.
These output-gap projections assume that all forecasters share
the same potential output forecast, equal to the CBO projection.
Online Appendix B.4 shows that using unemployment rate pro-
jections in the Survey of Professional Forecasters (SPF) leads to
similar results.

Across surveys, horizons, and institutions, our data contain
about 120,000 individual forecasts. There is substantial varia-
tion across forecasters and horizons. For detailed descriptions
of the BCFF data, calculations, and summary statistics, see
Online Appendix A.1.

II.B. Estimation of Perceived Rules from Survey Panels

We describe how we estimate perceived monetary policy rules
from survey data. The basic procedure is as follows. In each
monthly BCFF survey, we regress forecasts for the federal funds
rate on forecasts for the output gap and inflation. As we formalize
in the model in Section V, if survey respondents first form views
on future output and inflation and then use a policy rule to trans-
late these views into funds rate forecasts, this procedure recovers
the perceived monetary policy rule.

In each month of the BCFF survey, there is variation across
forecasters and forecast horizons. In principle, either dimension
of variation would be sufficient for our procedure. To see the in-
tuition, suppose for simplicity that forecasters believe that the
Fed follows a rule according to which it sets the federal funds
rate to 0.5 times the output gap. Further suppose that two fore-
casters have one-year-ahead output-gap forecasts of 2% and 4%.
Then their one-year-ahead funds rate forecasts are 1% and 2%,
respectively, and a regression of funds rate forecasts on output-
gap forecasts correctly recovers a coefficient on the output gap of
0.5. Alternatively, suppose there is only one forecaster, who fore-
casts that the output gap will be 2% next year and 0% two years
from now. Then her funds rate forecasts are 1% for next year
and 0% for the year after that. Again, a regression of funds rate
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forecasts on output-gap forecasts correctly recovers the perceived
output-gap coefficient. Our estimation procedure exploits varia-
tion across forecasters and forecast horizons.

Our framework starts from the simple monetary policy rule

(1) it =r;k+nt*—|—ytxt-|—,3t(nt—Jtt*)-l—ut.

This type of policy rule has been standard in the macroeconomic
literature since Taylor (1993, 1999). Crucially, we allow all pa-
rameters to vary over time. The inflation target =;" and the natu-
ral rate of interest r; represent the expected long-run values for
inflation and the real interest rate, once cyclical shocks have died
out.® Our focus is on the coefficients capturing the monetary pol-
icy response to the inflation gap and the output gap, B and y;.
The rule also includes an exogenous monetary policy shock, u;.

To capture the perceptions of professional forecasters about
the policy rule equation (1), we estimate the perceived coef-
ficients 7 and p; by regressing federal funds rate forecasts on
output-gap and inflation forecasts. Specifically, for each Blue Chip
survey at time ¢, we form a forecaster (j)-by-horizon () panel and
estimate the regression

(s ) |~ A () #2)
(2) EtJ livh = atJ + ytEtJ Xevh + ,BtEtJ Teth + eti .
The error term egL) contains forecaster j’s expectation of the future

monetary policy shock at ¢t + A, Et(J )uHh, as well as possible mea-
surement and specification errors affecting the funds rate fore-
casts. Our estimation includes forecaster fixed effects a\’’ to allow
for the possibility that forecaster beliefs about r; and rf may be
correlated with their inflation and output-gap forecasts.

Four assumptions are sufficient for regression (2) to recover
the perceived monetary policy rule. First, forecasters disagree
about the economic outlook, meaning that there is some hetero-
geneity in Et(J )xt+h and Et(J )nt+h across forecasters j. This assump-
tion builds on a large body of evidence for disagreement in eco-

5. Similar policy rules with a time-varying long-run natural rate and/or infla-
tion target have been used by Kim and Nelson (2006), Orphanides and Williams
(2007), and Ireland (2007). The Fed itself regularly uses such rules, with r} de-
scribed as “the level of the neutral real federal funds rate in the longer run” and
7;" as its longer-run inflation target; see, for example, the “Monetary Policy Rules
in the Current Environment” in Part 2 of the June 2023 Monetary Policy Report
to Congress (Board of Governors 2023). This long-run notion of r} and =;* in em-
pirical policy rules is distinct from the “stochastic intercept” of King (2000) and
Cochrane (2011), or the short-run efficient real rate in New Keynesian models.
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nomic expectations (e.g., Mankiw, Reis, and Wolfers 2003; Patton
and Timmermann 2010; Andrade et al. 2016). It is confirmed in
our BCFF data, which contain substantial variation across both
forecasters and horizons, as documented in Online Appendix Ta-
ble A.1. Importantly, our estimation framework does not require
that forecasts are rational, which would be at odds with a large
literature documenting biases, overconfidence, strategic incen-
tives, and other deviations from rational expectations in survey
forecasts (Bordalo et al. 2020; Angeletos, Huo, and Sastry 2021).

The second assumption is that economic forecasts are de-
termined independently of any expected future monetary policy
shock, Et(J )uHh. This assumption is unlikely to hold exactly, and
some endogeneity bias, arising from the perceived effects of mon-
etary policy shocks on output, could affect our estimates. This
problem afflicts most empirical work on monetary policy rules.
Endogeneity bias may be less severe in our context because the
framing of the BCFF explicitly asks forecasters about the macroe-
conomic assumptions underlying their rate forecasts. Consistent
with this view, the empirical results in Sections III and IV.A sug-
gest that our estimates indeed capture a perceived policy rule and
that endogeneity bias is likely small or at least stable over time.
To the extent that any bias is stable over time, it does not affect
our main results, which concern time variation in the perceived
rule. Section VI shows that bias correction leads to very similar
results.

The third assumption is that policy-rate forecasts are made
according to the policy rule in equation (1). Since Taylor (1993),
extensive empirical evidence shows that this type of simple rule
accurately captures the Fed’s policy rate.” This assumption is
supported by the fact that the simple policy rule fits the data
well. The average R? of regression (2) across surveys is 70%
with forecaster fixed effects and 33% without fixed effects. In
Section VI we consider the consequences of relaxing this as-
sumption. First, the policy rule could depend on factors beyond

6. While many studies following Clarida, Gali, and Gertler (2000) use instru-
mental variables to estimate policy rules, Carvalho and Nechio (2014) argue that
simple OLS estimates tend to be similarly accurate.

7. In contrast to Andrade et al. (2016), we follow most of the monetary policy
rule literature and specify the perceived rule in terms of the output gap rather
than GDP growth. The patterns in forecaster disagreement about interest rates
are more similar to disagreement about the output gap, rather than disagreement
about GDP growth, supporting this choice (see Online Appendix A.2).
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the output gap and inflation. We show that including forecasts
of credit spreads in the policy rule has little effect on the esti-
mated output-gap coefficients. Second, there is likely heterogene-
ity across forecasters in their beliefs about the policy rule. If fore-
casters have different coefficients f/t(J " and ,3;] ) our baseline esti-
mation with common coefficients will recover the averages of the
perceived monetary policy reaction coefficients across forecast-
ers if disagreement about the policy rule is independent of dis-
agreement in output-gap and inflation forecasts. Section VI also
shows that accounting for belief heterogeneity in different ways
leads to estimates with time-series variation that is similar to our
baseline ;.

Fourth, we assume that forecasters view the policy-rule pa-
rameters as highly persistent. Formally, g;, », =/, and r} are
assumed to follow martingales, so that their changes are un-
predictable.® This martingale assumption is standard in time-
varying parameter models (Primiceri 2005). For x; and r},
the martingale property naturally follows from their defini-
tion as long-run macroeconomic trends (Laubach and Williams
2003; Bauer and Rudebusch 2020). As a result, the inter-
cept in regression (2), af = E'ri + (1 — BE! 7} = Et(J)r;Zrh -
(1-B)E/ )nt*+h, differs across forecasters but not across horizons
and can be captured with forecaster fixed effects. It is important
to account for this type of heterogeneity given the existing evi-
dence for long-run disagreement (Patton and Timmermann 2010;
Andrade et al. 2016).

Much theoretical and empirical research has documented the
relevance of interest-rate smoothing and policy gradualism (e.g.,
Woodford 2003b; Bernanke 2004; Taylor and Williams 2010). We
therefore consider the possibility that policy follows an inertial
rule:

3) it =pis-3+ (1 — ,0;:)(7',;k + ﬂt*) + v + Be (e — ﬂt*) + uy,

where p; is the time-varying “inertia parameter” that determines
the extent to which the last quarter’s policy rate affects the cur-
rent policy rate, and the coefficients B; and y; are the short-run re-
sponses of monetary policy to inflation and the output gap. To es-
timate the perceived inertial rule we simply augment regression

8. We also assume that the innovations to B and 7; are orthogonal to other
shocks, that is, EY8,,, = f and EY B, 2,15 = BE 2, ), for any macro variable
Zt.
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(2) with the funds rate forecast for the preceding quarter:

() () A (j)- ~ 1(J) A () ()
4) Eiyn =0 + pE i in_s + DE xpin + BE wn +eg

For h = 0 we use the actual fed funds rate that was observed in
the previous quarter for Et(J ) is+5_3. The forecaster fixed effect, aiJ ),
again absorbs disagreement about long-run real rates and long-
run inflation. The estimated coefficients in equation (4) capture
the perceived short-run policy responses to inflation and the out-
put gap, whereas the baseline estimates from regression (2) rep-
resent perceived medium-run reaction coefficients, in line with

the BCFF forecast horizon of up five quarters.®

I1.C. Perceived Baseline Policy Rule

Figure I plots the time series of the estimated perceived pol-
icy rule from our baseline specification regression (2). The top
panel shows the perceived output-gap coefficient, y;, which has
a sample average around 0.5, in line with conventional empirical
estimates of policy rules (Taylor 1993; Clarida, Gali, and Gertler
2000). The estimated series exhibits a striking amount of varia-
tion, ranging from 0 to 1.5, that can be linked to the monetary
policy cycle. The tight confidence intervals, based on standard
errors that are clustered by both horizon and forecaster, show
that the perceived parameters are estimated precisely, due to
the large amount of information in each monthly panel of survey
forecasts.

Before and during monetary tightenings—for instance, in
the mid-1990s, between 2003 and 2005, and around liftoff from
the ZLB in 2015 and in 2022—j; tends to be high, indicating
that the rate outlook is perceived to be strongly related to the
economic outlook. During these episodes the Fed is viewed as
highly data-dependent, consistent with Fed communication at the
time. Examples include speeches from all three recent Fed Chairs
Bernanke, Yellen, and Powell, such as Yellen (2015)’s repeated
emphasis that “policy will depend on ... incoming data.” The Fed

9. In principle, perceived long-run response coefficients could be calculated as

i ftﬁt and 15’% , provided that |j; < 1|. Because of the horizons available in the sur-
vey and the substantial noise in the estimated p; (which sometimes exceeds one),
these ratios are not meaningful and sometimes undefined. Online Appendix F.2
compares and derives expressions for the baseline and inertial estimates within

our model.
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FiGUure I
Parameter Estimates for the Baseline Policy Rule

Estimated policy-rule coefficients for the output gap, 7, and inflation, ;. Blue
lines (color version available online) show estimates of perceived policy rules from
month-by-month panel regression (2) with forecaster fixed effects, estimated from
Blue Chip Financial Forecast surveys from January 1985 to May 2023. We base
95% confidence intervals (shaded) on standard errors with two-way clustering by
forecasters and horizon. Black lines show estimated historical policy rules using a
seven-year estimation window of monthly observations for the federal funds rate,
the output gap, and four-quarter CPI inflation.

also provided explicit forward guidance that led forecasters to ex-
pect rate hikes, for example, in 2004 and before each liftoff.!°

By contrast, before and during monetary easings, y; is typi-
cally low, as forecasters see little connection between the rate out-
look and the economic outlook. These episodes are often marked
by elevated financial stress, such as during the dot-com bust in
2001 and the failure of Lehman Brothers in 2008. At such times,

10. See Lunsford (2020) for an extensive discussion of forward guidance in the
2000s.
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the Fed likely pays attention to a broader set of indicators, in-
cluding financial conditions, that are informative about economic
risks in real time. As a result, the Fed’s decisions may appear
more discretionary and less rules-based during these periods. In
addition, the Fed may take a “risk management approach,” cut-
ting rates before the economic outlook deteriorates too much.!!
Strong forward guidance at the ZLB, such as the announcement
in September 2011 that the Fed would keep rates near zero “at
least through mid-2013,” led to a particularly sharp disconnect
between expectations of rates and economic conditions, essen-
tially pinning 7 at zero.!? Our results show that there is an
asymmetry between easing and tightening episodes, consistent
with financial market evidence that rate cuts are more often sur-
prising than rate hikes (Cieslak 2018; Schmeling, Schrimpf, and
Steffensen 2022).

Figure I also compares the perceived rule to an estimate of
the historical policy rule, obtained from rolling regressions of the
fed funds rate on inflation (annual percent change in the CPI)
and the output gap (percent deviation of real GDP from CBO po-
tential output). We use a seven-year rolling window, long enough
to allow for relatively precise estimates but short enough to un-
cover time variation in the rule’s parameters.'® Until 2008, the
output-gap coefficients in the perceived and historical rules ex-
hibit broadly similar patterns, and their correlation is 0.5. But
after 2008, the historical and perceived rules diverge, illustrat-
ing the value of our approach. For instance, the perceived coef-
ficient, 7, immediately captures the Fed’s forward guidance in
2011 and plummets to zero, while the output-gap coefficient in the
historical policy rule barely budges. It only drops to zero several
years later in 2015. However, by this time the Fed was already
engaged in “data-dependent” tightening, as captured by the rise

11. Anecdotal evidence includes FOMC meeting minutes from January 29—
30, 2001, describing the sequence of large interest rate cuts in that month as
“front-loaded easing policy,” and an FOMC conference call on January 9, 2008,
characterizing interest rate cuts as “taking out insurance against (...) downside
risks.”

12. Campbell et al. (2012) and Swanson and Williams (2014) discuss this
“Odyssean” forward guidance.

13. Similarly to Bauer and Swanson (2023b), we find an upward shift in the
estimated historical output-gap coefficient post-2000. We estimate a lower infla-
tion coefficient than they do because our shorter rolling windows feature less vari-
ation in inflation.
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in 7. These differences arise because the historical rule is neces-
sarily backward-looking, while our survey-based perceived rule is
forward-looking.'*

The perceived inflation coefficient B;, shown in the bottom
panel of Figure I, fluctuates around zero and is positive only over
the first few years and at the very end of our sample. This pattern
contrasts with typical empirical and optimal policy rules, which
feature an inflation coefficient greater than one and satisfy the
“Taylor principle.” The reason is that over most of our sample
period, inflation was low and stable, hovering near the Fed’s in-
flation target. As noted by Clarida, Gali, and Gertler (2000), with
limited variability in inflation, the estimated policy-rule coeffi-
cient may well be low and “one might mistakenly conclude that
the Fed is not aggressive in fighting inflation” (p. 143) even if the
central bank is in fact committed to stable inflation. The low es-
timates of B; also reflect the fact that BCFF collects forecasts for
headline CPI inflation, which mostly capture short-run, transi-
tory fluctuations in inflation that are of little relevance for mon-
etary policy. This explains why the §; estimates are volatile and
even occasionally turn negative.'”

We interpret 7, as a summary measure of “perceived Fed
responsiveness” and focus on this estimate in our subsequent
analysis. This interpretation is supported by the fact that in
the pre-COVID period—the first 35 years of our sample—the
U.S. economy was affected mainly by demand shocks. As a re-
sult, the perceived output-gap coefficient 7, summarizes the
Fed’s overall responsiveness to economic conditions. Intuitively,
the Fed is expected to react to changes in the output gap
partly because it also summarizes demand-driven inflationary
pressures.

14. Online Appendix B.5 shows estimates of the Fed’s own forward-looking
rule, as implied by the projections of FOMC meeting participants for the Summary
of Economic Projections. Although these are available only for the 2012—2019 pe-
riod, the output-gap coefficient evolves in a way broadly similar to that implied by
the private sector Blue Chip forecasts.

15. The importance of transitory fluctuations is clearly evident for the Febru-
ary 2005 and August 2018 surveys, which yield negative estimates of ;. In both
periods, inflation was expected to decline due to changes in energy prices, while
the funds rate was expected to rise in response to strong economic conditions. We
have found that core CPI forecasts from the SPF yield estimates of 3; that gen-
erally remain positive. These forecasts are much less affected by transitory price
fluctuations, but the data are not available before 2007.
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We interpret variation in §; as changes in the beliefs about
the Fed’s policy rule. Because our estimates are forward-looking,
an alternative interpretation is that these changes reflect shifting
beliefs about future regime changes in monetary policy (Bianchi
2013; Bianchi, Ludvigson, and Ma 2023). Both ways of modeling
changes in monetary policy—time-varying parameters or discrete
policy regimes—have long traditions. We assume continuously
evolving parameters in the perceived policy rule because this is a
simple and tractable way to capture changing perceptions about
monetary policy in our empirical analysis and our learning model
in Section V.

I1.D. Perceived Inertial Policy Rule

Figure II shows the estimated coefficients for the perceived
inertial policy rule. We again superimpose historical policy-rule
coefficients from rolling-window regressions, in this case includ-
ing a three-month lag of the funds rate as in equation (3).

The coefficients of the perceived inertial rule, shown in
Figure II, show broadly similar patterns as those for the base-
line rule in Figure I. The inertial-rule coefficients are naturally
smaller in magnitude because they capture the perceived short-
run policy response, while the baseline rule captures the re-
sponse over a medium-run horizon. Similar to our results above,
there are substantial cyclical shifts in the perceived output-gap
coefficient 7;. These shifts are generally consistent with those
in the historical policy rule before 2008, but differences arise
thereafter due to the forward-looking nature of our survey-based
estimates.

The bottom panel of Figure Il shows that p; trends up over
our sample period: the average is 0.6 before 2000 and 0.9 there-
after. This pattern is consistent with other evidence that the Fed
has become more gradual and forward guidance more important
(Coibion and Gorodnichenko 2012; Bianchi, Ludvigson, and Ma
2023; Pflueger 2023). At the same time, the inertial y; becomes
more compressed relative to the baseline j;, indicating that there
is less variation in the perceived short-run responses of monetary
policy than in the perceived medium-run responses in the second
half of the sample. In light of this wedge, one might expect base-
line 7; to be more relevant for long-term asset prices.

The inflation coefficient f; again varies mostly around zero,
with an important exception: over the last year of our sample, f
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FiGgure 11
Parameter Estimates for the Inertial Policy Rule

Estimated policy-rule coefficients for the output gap, j, inflation, B, and the
one-quarter lagged interest rate, p;. Blue lines show estimates of perceived pol-
icy rules from month-by-month panel regression (4) with forecaster fixed effects,
estimated from Blue Chip Financial Forecast surveys from January 1985 to May
2023, with shaded areas for 95% confidence intervals based on standard errors
with two-way clustering (by forecasters and horizon). Black lines show estimated
historical policy rules using a seven-year estimation window of monthly observa-
tions for the federal funds rate, the output gap, and four-quarter CPI inflation.
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TABLE I
CYCLICAL VARIABLES AND THE PERCEIVED MONETARY PoLicY RULE

Slope Tightening Unemployment ZLB VIX
(12 m lag) dummy rate dummy

Panel A: Baseline 7

Coefficient 0.12%* 0.14* —0.02 —0.12 —0.01%*
(0.03) (0.08) (0.02) (0.11) (0.00)
Intercept 0.20%** 0.39*** 0.54** 0.46%** 0.72%**
(0.06) (0.05) (0.14) (0.05) (0.09)
R? 0.18 0.04 0.01 0.03 0.12
Panel B: Inertial §;
Coefficient 0.04** 0.05 —0.01 —0.10**  —0.01***
(0.01) (0.04) (0.01) (0.03) (0.00)
Intercept 0.10*** 0.16%** 0.20%** 0.20%** 0.32%**
(0.03) (0.02) (0.05) (0.02) (0.05)
R? 0.07 0.02 0.00 0.08 0.14
N 460 460 460 460 448

Notes. Regressions of 7 on cyclical variables in monthly data from January 1985 to May 2023. The top
panel shows results for the baseline rule equation (2), and the bottom panel for the inertial rule equation (4).
Regressors are the slope of the yield curve measured as the second principal component of Treasury yields
from Giirkaynak, Sack, and Wright (2007), lagged by 12 months; a tightening dummy for the months from
the first to the last change in the fed funds rate of monetary tightening cycles; the unemployment rate; a
ZLB dummy for zero lower-bound periods; and the VIX, that is, CBOE Volatility Index from 1990 onward and
S&P 100 Volatility Index 1986—-1989. Regressions use a one-month lead of $ to account for the publication
lag. Newey-West standard errors using 12 lags are in parentheses. * p < .10, ** p < .05, *** p < .01.

rose sharply, due to the surge in inflation and the corresponding
monetary policy response. This pattern is more evident in the in-
ertial than the baseline estimates because in 2023 inflation was
expected to gradually decline.

II.E. Cyclical Variation

To document systematic variation in the Fed’s perceived re-
sponsiveness, Table I reports univariate regressions of 7 on
cyclical variables. Results for the baseline rule are in the top
panel, and results for the inertial rule are in the bottom panel.
Although these regressions do not speak to causality, they
suggest which factors could drive variation in the perceived
rule.

The first two columns show that §; tends to be high during
the tightening portion of a monetary policy cycle. The slope of
the yield curve reflects the expected path of future policy rates,
and a positive slope anticipates monetary tightening, while a flat
or inverted yield curve predicts monetary easing and typically a
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recession.'® We find a strong positive correlation between j; and
the slope. The correlation is even stronger for the lagged slope—
which is intuitive since the yield curve is often upward-sloping
well before the onset of the tightening cycle—thus the slope is
lagged by one year in the regression in Table I. The second column
uses a dummy variable for monetary tightening cycles, which is
equal to one from the first to the last month with an increase in
the fed funds rate during the cycle. Although the coefficient is
statistically significant only for the baseline rule, the estimates
generally confirm that j; tends to be elevated during tightening
cycles.

While the perceived policy rule shifts with monetary policy,
it has no clear relationship with the business cycle. Table I shows
that §; is unrelated to the unemployment rate, and we have found
similar results for various other indicators of economic activity,
including NBER recession dummies.

The fourth column shows that the Fed is perceived to be
somewhat less responsive to economic conditions during ZLB pe-
riods than non-ZLB periods, though only the negative coefficient
on inertial j; is statistically significant. ZLB periods mix two
kinds of episodes: when the Fed gave strong forward guidance for
continued near-zero policy rates, as it did from September 2011
until 2013, funds rate forecasts are close to zero for all horizons in
the BCFF data, so 7; is essentially zero as well. But before liftoff
from the ZLB—and also between 2009 and September 2011 when
the Fed was mistakenly expected to lift off soon—y, is elevated.!”

The last column of Table I shows that the Fed’s perceived re-
sponsiveness to economic data tends to be lower when financial
market uncertainty, here measured by the VIX, is high. In ad-
ditional analysis we find similar patterns for various other mea-
sures of financial and macroeconomic uncertainty, including the
uncertainty measures of Jurado, Ludvigson, and Ng (2015). These
findings suggest that the Fed is viewed as less data-dependent
during easing episodes because elevated uncertainty and finan-
cial stress render standard economic data less informative about
the true state of the economy.'®

16. See Rudebusch and Wu (2008) on the slope as a measure of the monetary
policy stance, and Bauer and Mertens (2018) on its predictive power for recessions.

17. Swanson and Williams (2014) also find that long-term rates remained
sensitive to macro news until 2011.

18. This interpretation is consistent with theories showing that the opti-
mal monetary policy response to economic indicators should depend on economic
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One might be concerned that misspecification of the policy
rule is driving some of the time variation we document. Per-
haps a more comprehensive perceived rule—including many more
factors potentially important to Fed decisions—would lead to
more stable perceived coefficients. But the empirical policy rules
prominent in the literature tend to be simple and parsimonious.
They provide a natural benchmark for our estimation of forward-
looking rules and to assess how monetary policy perceptions vary
over time. For robustness, we analyze our baseline and inertial
rule estimates throughout the article. In Section VI we consider
alternative specifications, for example, including credit-spread
forecasts.

In sum, perceptions about monetary policy exhibit sub-
stantial time variation related to easing and tightening cy-
cles, forward guidance, and economic and financial uncertainty.
Although the cyclical variables in Table I jointly explain a
meaningful fraction of the variation in 7, a large share of
this variation remains unexplained. We turn to understanding
changes in the perceived monetary policy rule in response to new
information.

III. THE PERCEIVED RULE AND MONETARY POLICY SURPRISES

Do forecasters revise their perceived monetary policy rule
in response to actual Fed decisions? The analysis in this sec-
tion shows that they do. Perceptions respond to monetary policy
surprises in a manner consistent with the idea that forecasters
have imperfect information about the policy rule and learn from
observed policy decisions.

Following common practice, we measure monetary policy sur-
prises as high-frequency rate changes around FOMC announce-
ments, based on the assumption that these rate changes are
mainly due to the announcement itself (e.g., Giirkaynak, Sack,
and Swanson 2005; Nakamura and Steinsson 2018). If market
participants do not have full information about the policy rule,
these surprises can arise not only from monetary policy shocks
but also from differences between the perceived and actual Fed
response to macroeconomic data (Bauer and Swanson 2023a,

uncertainty and financial conditions (e.g., Sack 2000; Aoki 2003; Svensson and
Woodford 2003).
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2023b).'? In this case, beliefs about the policy rule should respond
to surprises in a state-contingent manner: a tightening surprise
in an economic boom suggests that the Fed cares even more about
output than previously believed, so this kind of surprise should
lead to an increase in j;. By contrast, a tightening surprise during
a recession would signal less Fed concern with output stabiliza-
tion, so forecasters should tend to revise downward j;. This logic
is formalized in our model in Section V.

We empirically investigate belief updating by estimating the
dynamic response of $; to monetary policy surprises using state-
dependent local projections (Jorda and Taylor 2016; Ramey and
Zubairy 2018). We use the high-frequency surprise measure of
Bauer and Swanson (2023b), the first principal component of 30-
minute changes in Eurodollar futures rates around FOMC an-
nouncements, which captures changes in policy-rate expectations,
and thus forward guidance, over a horizon of about a year. The
surprise is normalized to have a unit effect on the four-quarter-
ahead Eurodollar futures rate, measured in percentage points.
The monthly monetary policy surprise, mps;, sums up announce-
ment surprises and equals zero in months without announce-
ments. We estimate local projections

Viwn = a™ + b(lh)mpst(l — weak;) + b(zh)mpstweakt

(5) +cMweak; +d P91 + erin,

where the indicator variable weak; equals one when the output
gap is below its median and zero otherwise, capturing episodes
when the economy is growing slowly and resource slack is high.
The regressions control for lagged j; to account for serial correla-
tion in the perceived policy-rule coefficient. We estimate equation
(5) over the entire sample for 7;, from January 1985 to May 2023.
There are 323 announcement surprises from February 1988 to
December 2019, and we set mps; to zero when no policy surprises
are available.

The impulse responses in Figure III show that j; responds
to monetary policy surprises in a state-contingent way, consistent
with the idea that forecasters learn about the monetary policy
rule from actual Fed decisions. The top panels plot estimates of

19. High-frequency monetary policy surprises could also contain Fed informa-
tion effects (Nakamura and Steinsson 2018; Bauer and Swanson 2023a). However,
information effects would be unlikely to move 7;, which has little correlation with
standard business cycle variables (see Section II.E).
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The Response to a High-Frequency Monetary Policy Surprise

State-dependent local projections for 7, using regressions 7., =a +

b(lh)mpst(l — weak;) + b(zh)mpst weak; + cPweak; +dMWp,_1 + &.n. Where mps; is
the monetary policy surprise, and weak; is an indicator for whether the output
gap during month ¢ was below the sample median. The top panels show estimates

of b(lh), and the bottom panels show estimates of bg‘). Estimates in the left pan-
els use the baseline estimate of ;, and the estimates in the right panels use the
inertial-rule estimate. Shaded areas are 95% confidence bands based on Newey-
West standard errors with 1.5 x & lags. Sample: monthly data from January 1985
to May 2023.

b(lh) against 2 and document that there is a pronounced and per-
sistent positive response of }; to monetary policy surprises when
the economy is strong. The responses peak between six and nine
months and are statistically significant for several horizons, judg-
ing by the 95% confidence bands. In line with our hypothesis, the
picture reverses in the bottom panels, which show persistently
negative responses when the economy is weak. The responses
for the inertial rule parameter, shown in the top right and bot-
tom right panels, are similar and estimated somewhat more pre-
cisely.?’

20. Online Appendix D shows that the differences between the estimated re-
sponses in the top and bottom panels of Figure III are statistically significant.
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The magnitudes in Figure III are economically meaning-
ful relative to the standard deviations of baseline j; (0.3) and
inertial 7 (0.15). A 1 percentage point monetary policy sur-
prise leads to an increase in 7 of roughly 0.7 in a strong econ-
omy. The same monetary policy surprise is estimated to lead
to a somewhat larger decline in 7 in a weak economy. A sim-
ple back-of-the-envelope calculation in Section V, based on the
model presented there and the magnitudes of these impulse re-
sponses, suggests that about 50% of the variation in monetary
policy surprises is due to incomplete information about the policy
rule.

The evidence in this section is closely related to recent work
by Bauer and Swanson (2023a, 2023b), who argue that market
participants have incomplete information about the monetary
policy rule and that misperceptions about the rule can explain the
predictability of high-frequency monetary policy surprises. Our
evidence is consistent with this view, but goes further by show-
ing how professional forecasters update their beliefs in response
to FOMC actions. In other words, Bauer and Swanson emphasize
that the gap between j; and ; is an important driver of monetary
policy surprises, while we provide evidence that these surprises
lead to changes in beliefs, captured by 7.

The evidence in Figure III for a state-dependent response of
7 to monetary policy surprises is consistent with learning about
the policy rule. As our model in Section V shows, the direction
of the belief update depends on the sign of the output gap. After
a hawkish policy surprise, j; increases in a strong economy and
decreases in a weak economy. Under rational learning, the updat-
ing should be immediate. The gradual responses as in Figure III
may emerge if forecasters are overconfident about their own sig-
nal about 7 and underreact to information contained in mon-
etary policy surprises. Overall, our evidence supports the view
that the Fed’s true monetary policy rule is at least partly un-
known and the public learns about the rule from the FOMC’s
actions.

IV. TRANSMISSION TO FINANCIAL MARKETS

Having characterized time variation in the perceived mone-
tary policy rule, we show that it affects the key asset prices that
transmit monetary policy to the real economy: short- and long-
term interest rates, as well as stock prices.
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IV.A. Interest Rate Responses to Macroeconomic News Surprises

This section examines the sensitivity of interest rates to
macroeconomic news. Event studies using narrow windows
around macroeconomic announcements have previously been
used to identify the effects of monetary policy on financial mar-
kets by Hamilton, Pruitt, and Borger (2011) and Swanson and
Williams (2014), among others. Our contribution is to document
a connection between the sensitivity of financial markets to
macroeconomic news and the perceived monetary policy rule, as
captured by 7;.

To investigate this connection, we estimate event-study re-
gressions

(6) Ay =bo+ 019 + ba2Zy + b3 Zs + &,

where Ay; is the change in an interest rate on announcement
date ¢t and Z; is a macroeconomic announcement surprise, that
is, the value of the macroeconomic data release minus the con-
sensus expectations for this data release before the day of the
announcement. A positive interaction coefficient bs indicates
that interest rates are more sensitive to macro news at times
when the Fed is perceived to be more responsive to economic
conditions.

Regression (6) is closely related to the empirical setup of
Swanson and Williams (2014), who also document time varia-
tion in the high-frequency responses of financial market vari-
ables to macroeconomic news announcements. Like them, we
rely on the identification assumption that the information re-
leased in a narrow interval around a macro announcement is
primarily about the macroeconomy, and that the interest rate re-
sponse reflects the anticipated monetary policy reaction. Swanson
and Williams (2014) allow the magnitude of the response to
vary over time in an unrestricted fashion, investigating shifts
during the ZLB period. By contrast, we directly tie variation
in the sensitivity of interest rates to news to our estimates of
the perceived monetary policy rule with the interaction effect
7 x Z;. In this way, we assess whether our survey-based esti-
mates of the perceived policy rule, 7;, are consistent with changes
in the sensitivity of financial market prices to macroeconomic
news.

Table II reports estimates of equation (6) for four differ-
ent interest rates: Three-month and six-month federal funds fu-
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tures rates and 2-year and 10-year Treasury yields. Fed funds
futures measure policy-rate expectations over the near term, and
Treasury yields capture longer-term expectations. The left four
columns in Table II use the single most influential macroeconomic
announcement, nonfarm payrolls surprises, as Z;. The right four
columns use a linear combination of all macroeconomic surprises
used by Swanson and Williams (2014), the fitted values from a
regression of high-frequency interest rate changes on all these
macro news. In Table II, Panel A reports results for the baseline
estimate of 7, and Panel B uses the inertial estimate. The sam-
ple starts in 1990, when our macro news data begins, and ends in
May 2023.%1

The results in Table II show that our coefficient of inter-
est, b3, is uniformly positive and statistically significant across
almost all combinations of interest rates, macroeconomic news,
and estimates of ;. That is, interest rates respond more strongly
to macroeconomic news when the Fed is perceived to be more
responsive to macro data. This result conforms with intuition:
the same news about output leads markets to expect a larger
change in future policy rates when the Fed is perceived to be
more sensitive to output. The model in Section V formalizes this
argument.??

The magnitudes of the interaction effects are also economi-
cally significant. Note that the 95th percentile of baseline j; is
about 1, and the 95th percentile of inertial j; is about 0.5; the
5th percentiles of both series are about zero. The estimates in
Table II suggest that interest rates do not respond to nonfarm
payrolls surprises when 7; is zero, and respond strongly when
7 1s positive. Panel A shows that when baseline }; equals one,

21. In Table IT and other regressions in Section IV where ; is an independent
variable, the standard errors are not adjusted for the fact it is a generated regres-
sor. Since 7 is very precisely estimated, any such correction is likely to be small.
Furthermore, the null hypothesis that the coefficient on 7 is zero can be tested
without any adjustment for the fact the regressor is generated (Pagan 1984).

22. The finding that changes in the shortest-term fed funds futures are more
significantly related to the interaction with the inertial 7 (Panel B) than the inter-
action with the baseline 7; (Panel A) is also intuitive: inertial ; captures the short-
run response of monetary policy, and thus should determine the response of short-
term interest rates to macro news surprises. In contrast, baseline ; captures the
perceived medium-term response of monetary policy, and therefore should be more
relevant for longer-term interest rates. Online Appendix F.1 makes this point ex-
plicit in the context of our model.
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a one standard deviation nonfarm payrolls surprise raises inter-
est rates by 20—45 basis points. The estimates for all macroeco-
nomic announcements show that the sensitivity of interest rates
to macro news doubles and sometimes triples as y; changes from
its 5th to 95th percentiles.

Overall, Table II documents the connection between j; and
the sensitivity of interest rates to macro news, showing that our
survey-based perceived policy rule is consistent with the “market-
perceived monetary policy rule” (Hamilton, Pruitt, and Borger
2011). This evidence also alleviates endogeneity concerns that
our estimates of 7 might be influenced by the perceived endoge-
nous response of output to monetary policy shocks. If changes in
7 were primarily driven by this endogenous response, the sensi-
tivity of interest rates to macro news should be unrelated to 7; be-
cause macroeconomic data cannot respond to policy rates within
narrow announcement windows. That the impact of macro news
on interest rates scales up with §; suggests that we are indeed
capturing the perceived monetary policy rule.

IV.B. Term Premia in Long-Term Interest Rates

In this section, we show that term premia in long-term
bonds vary with monetary policy perceptions. This finding has
important implications for monetary policy transmission be-
cause longer-term interest rates significantly influence aggregate
spending and output. Term premia are often viewed as indepen-
dent of conventional monetary policy, but recent work in macro-
finance has questioned this view (e.g., Hanson and Stein 2015;
Song 2017; Drechsler, Savov, and Schnabl 2018). Our evidence
supports a direct link between term premia and the perceived
monetary policy rule.

Standard asset-pricing logic suggests that 7 should be in-
versely related to term premia in long-term bonds. Assets that
have higher payoffs in bad states of the world—when agents have
higher marginal utility—should be more valuable and therefore
command lower expected returns. With a higher perceived mon-
etary policy coefficient 7, interest rates are expected to fall more
during a recession, and bond prices are expected to rise more.
Thus, when 7; is high, bonds are perceived to be better hedges
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and should have lower expected returns and term premia.?® The
model in Section V formalizes this prediction.

To investigate this prediction, we use survey expectations of
future interest rates to construct subjective expected excess re-
turns on long-term bonds. We prefer this measure over realized
bond excess returns for two reasons. First, realized returns are a
noisy realization of expected returns. Second, because our focus
is on subjective perceptions, we want to allow for discrepancies
between full information rational expectations and subjective ex-
pectations, which recent work has documented to be empirically
important for bond returns.?*

We construct subjective expected one-year excess returns for
par Treasury bonds following Piazzesi, Salomao, and Schneider
(2015). The expected 12-month-ahead par yield on an n-year
Treasury bond, Etyi'fr)l‘gar, is approximated using the consensus
BCFF forecast at the four-quarter forecast horizon. The log ex-
cess return on a par bond is:

7 Etxf';rf{;) _ Durin-q-l)y;n-kl),par . (Durgnﬂ) . 1)Ety§r}r)i§ar —y;l),

where yﬁl) denotes the one-year zero-coupon yield and Durﬁ””) is

the duration of a par bond with maturity n 4+ 1 years (Campbell
2017, 236—237). Since we have forecasts for 5- and 10-year yields,
we calculate expected one-year returns for bond maturities of 6
and 11 years. Blue Chip forecasters are required to submit their
responses at the end of the previous month, so for consistency we
use observed yields from the last trading day of that month. We
regress these subjective risk premia on contemporaneous 7; and
controls, for example,

(8) Exr3)) = bo+b17; + b2 TERM, + &,

where the term spread, TERM;, is defined as the difference be-
tween 10-year and 1-year zero-coupon Treasury bond yields.

23. These predictions are worked out in detail in Campbell, Pflueger, and
Viceira (2020) and Pflueger (2023), for example. The link between 7; and subjec-
tive term premia does not rely on the interpretation of j; as a perceived monetary
policy-rule coefficient, and remains valid if § simply captures the perceived co-
movement of interest rates and the economy.

24. See Piazzesi, Salomao, and Schneider (2015), Cieslak (2018), and Nagel
and Xu (2023), among others. Consistent with this prior literature, our analysis
studies subjective expectations of returns on nominal bonds. The difference be-
tween nominal and real term premia should be small in our sample period, which
was largely characterized by low and stable inflation.
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TABLE III
TERM PREMIA

(6) (11)

Eexry g Epxry s
Panel A: Baseline 7
% —1.93%*  —2.24** 261" —3.02%  —3.49**  _3.79**
(0.55) (0.61) (0.37) (1.24) (1.31) (0.55)
TERM 0.32* 0.51
(0.19) (0.34)
R? 0.12 0.16 0.61 0.09 0.12 0.61
Panel B: Inertial §
% 1.06 1.10 —2.49*** 1.69 1.76 —4.64***
(1.24) (1.14) (0.74) (2.37) (2.21) (1.50)
TERM 0.18 0.28
(0.19) (0.33)
R? 0.01 0.02 0.46 0.01 0.02 0.52
PCs No No Yes No No Yes

Notes. Regressions of subjective expected log excess returns on 6-year and 11-year nominal Treasury bonds
over 12-month holding periods on baseline 7 (Panel A) and inertial 7 (Panel B) and yield curve variables.
TERM is the spread between the 10-year and 1l-year zero-coupon nominal Treasury yields. If indicated,
regressions control for the first three principal components (PCs) of Treasury yields. Coefficients on the con-
stant and the three PCs are omitted. Sample: 425 monthly observations from December 1987 to May 2023.
Newey-West standard errors with automatic lag selection (between 19 and 28 months) are in parentheses. *
p <.10,* p < .05, ** p < .01.

Table III, Panel A reports results for the baseline estimate
of 7. The first column shows a negative and statistically signif-
icant relationship with the subjective term premium on the six-
year bond. The estimated coefficient is economically large: when
baseline y; = 1, the expected bond excess return is almost 2 per-
centage points lower than when 7, = 0.

Since the slope of the yield curve is correlated with 7, (see
Section II.E), we control for information in the yield curve in
columns (2) and (3). The term spread enters only marginally sig-
nificantly in column (2), consistent with the findings in Nagel and
Xu (2023). In the third column, we control for the first three prin-
cipal components of Treasury yields with maturities 1, 2, 5, 7, 10,
15, and 20 years. Naturally, including this yield curve informa-
tion increases the R? but leaves the coefficient on 7 largely un-
changed. The remaining three columns in Panel A report similar
results for the expected 1-year excess returns on 11-year Trea-
suries.

Table III, Panel B shows results for the inertial estimate of
7:. In the specifications that include the first three principal com-
ponents of yields, the coefficient of interest is also negative and
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statistically significant at the 1% level, as in Panel A. For the
other two specifications, however, the coefficient on j; is not sta-
tistically significant. This is consistent with the idea that the
inertial j; captures the perceived short-run response of inter-
est rates to the economy, whereas term premia depend on the
longer-term behavior of interest rates, which is better captured by
baseline 7.2

While we focus on subjective term premia, there is a long
tradition of estimating statistical term premia using predictive
regressions for excess bond returns (e.g., Campbell and Shiller
1991; Cochrane and Piazzesi 2005; Bauer and Hamilton 2018).
Online Appendix E.1 shows that the perceived output-gap coef-
ficient, j;, predicts realized bond excess returns with a negative
sign, controlling for the usual predictors including the shape of
the yield curve.

In sum, our evidence shows that the perceived policy rule
is negatively related to both subjective and statistical bond term
premia. The results are consistent with standard asset-pricing
logic: investors perceive bonds to be better hedges when they
view the Fed as being more responsive to economic conditions.
Our model in Section V formalizes this intuition and rationalizes
these empirical results.

IV.C. Bond Market Responses to Monetary Policy Surprises

The link we document in Section IV.B between the per-
ceived monetary policy rule and term premia has additional
implications when combined with our results on belief updat-
ing from monetary policy actions in Section III: monetary pol-
icy actions can affect term premia by changing beliefs about the
policy rule.

The “Greenspan conundrum” is an illustrative example. Dur-
ing the monetary tightening of 2004-2005, the Fed raised the
policy rate, but long-term yields stayed flat or even decreased.
The Greenspan conundrum is often attributed to a decline in
term premia (e.g., Backus and Wright 2007), and our results
suggest that shifting perceptions of the policy rule may have
driven this decline. In particular, our results show that tight-
ening episodes shift beliefs about the policy rule, raising the

25. In line with this intuition, Online Appendix Table E.4 shows that subjec-
tive term premia decline with perceived monetary policy inertia g;: holding fixed
the perceived short-term monetary policy response, more policy inertia increases
the perceived medium-term response and hence the effect on term premia.
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Fed’s perceived responsiveness, 7;. As a consequence, term pre-
mia tend to fall, mitigating or even reversing the rise in long-term
yields.

More broadly, since updating about the monetary policy rule
from policy rates depends on the state of the economy, our
results suggest that the response of long-term bond yields to
FOMC announcements should too. Specifically, long-term bond
yields should respond more strongly to monetary policy surprises
around FOMC announcements when the economy is weak, since
term premia move inversely with 7. We test this hypothesis
directly, using event-study regressions similar to Beechey and
Wright (2009), Hanson and Stein (2015), and Nakamura and
Steinsson (2018), who document that long-term nominal and real
interest rates respond strongly to high-frequency monetary policy
surprises.

We generalize the regression specification of Hanson and
Stein (2015) as follows:

9) Ay; = bg + blAygz) + boweak; + bs Ay,EZ)weakt + &,

where each observation is an FOMC announcement. Following
Hanson and Stein (2015), the monetary policy surprise proxy,
Ay?), is the two-day change in the two-year nominal Treasury
yield. The dependent variable is the change in either nominal or
real long-term Treasury yields or (instantaneous) forward rates,
and the sample starts in 1999, when data on real interest rates
become reliable. We add an interaction with the indicator variable
weak;, defined to equal one when the output gap is below its me-
dian as in Section III. Our main interest is in b3, the coefficient on
the interaction Ay,ﬁm x weak;, which captures state dependence
and is predicted to be positive.

Table IV shows our regression estimates, with results for 5-
year bonds in Panel A and 10-year bonds in Panel B. For each de-
pendent variable, we present estimates of the univariate regres-
sion with only the policy surprise, for comparability with Hanson
and Stein (2015), and for the multivariate regression (9). The
first column of Panel A shows that the five-year nominal Trea-
sury yield rises about one for one with the two-year yield around
FOMC announcements, but the second column shows that this
unconditional estimate masks pronounced state dependence. In a
strong economy, a 1 percentage point tightening surprise raises
the five-year yield only 85 basis points, whereas in a weak econ-
omy, the effect rises to 139 basis points. That is, the effect is about
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60% larger in a weak economy. The difference is even larger for
the five-year forward rate, where the effect roughly triples (from
46 to 157 basis points). The stronger state dependence of forward
rates is consistent with the idea that movements in term premia
play an important role. The last four columns of Table IV, Panel
A report results for five-year TIPS yields, where the effect of pol-
icy surprises on real rates doubles in a weak economy, and for
five-year TIPS forward rates, where the effect roughly triples.

For 10-year bonds, the findings are similar, as shown in Panel
B. The interaction coefficient is positive in all four multivariate
regressions, and, with the exception of only the 10-year real for-
ward rate, statistically significant at the 1% level and large in
magnitude. For both nominal and real 10-year yields, the effect of
policy surprises on long-term rates more than doubles in a weak
economy.

Our evidence clearly shows that a tightening monetary policy
surprise increases long-term rates more in a weak economy than
in a strong economy. These patterns can be explained by updating
about the policy rule, coupled with a connection between the per-
ceived policy rule and term premia. In a weak economy, a tighten-
ing surprise indicates to the public that the Fed is less sensitive
to output than previously thought, making long-term bonds worse
hedges. This in turn causes term premia to rise, which amplifies
the response of long-term yields to the surprise. Conversely, in a
strong economy, a tightening surprise decreases term premia be-
cause the public learns that the Fed is more sensitive to the econ-
omy than expected and that long-term bonds are better hedges,
dampening the effect on long-term rates.

These results may help explain why long-term bond yields
have responded only weakly to interest rate hikes during ex-
pansions (the Greenspan conundrum), while they have re-
sponded strongly on average after 1999 (Hanson and Stein 2015;
Nakamura and Steinsson 2018; Hanson, Lucca, and Wright
2021), which has been dominated by economic weakness and se-
vere recessions. On the whole, our evidence supports the conclu-
sion that perceptions about monetary policy influence term pre-
mia in long-term interest rates.

IV.D. Stock Market Responses to Monetary Policy Surprises

Finally, the perceived monetary policy rule should affect how
stock prices respond to monetary policy surprises around FOMC
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announcements. If the Fed is perceived to better stabilize the out-
put gap—and hence corporate profits and dividends—then stocks
should respond less to any well-identified shock, including a high-
frequency monetary policy surprise.

Bernanke and Kuttner (2005) documented that monetary
tightening surprises are associated with large declines in the ag-
gregate stock market, while easing surprises lead to sizable in-
creases. To examine how this relationship varies with the per-
ceived policy rule, we estimate event-study regressions

(10) RY = by + b1 + bamps, + bsfymps; + &,

where mps; is the monetary policy surprise of Bauer and Swanson
(2023b), as in Section III. We estimate equation (10) with the
stock returns RY measured as either the CRSP value-weighted
market return on the day of an FOMC announcement, or the in-
traday return on S&P500 futures from 10 minutes before to 20
minutes after the announcement. The sample starts in February
1988 and ends in December 2019.%5

Table V shows the results. In the first three columns, the de-
pendent variable is the CRSP value-weighted return on the day
of the announcement. The first column reports the benchmark
result without interaction effect: stock returns are strongly neg-
atively related to monetary policy surprises around FOMC an-
nouncements. The magnitudes are similar to those reported by
Bernanke and Kuttner (2005), with a monetary policy surprise of
100 basis points causing a decline in the aggregate stock market
index of 7 percentage points.

The next two columns of Table V report estimates of
regression (10) for the baseline estimate of 7 and the inertial
rule j,, respectively. In both regressions, the coefficient on the in-
teraction effect is statistically significant at least at the 5% level.
The positive coefficient indicates that at times with high values
for 74, when the Fed is perceived to be highly responsive to eco-
nomic conditions, the stock market reaction to policy surprises is
less pronounced or even absent. To get a sense of the magnitudes,
note that when baseline j; is one the implied response coefficient

26. In the case of intraday stock returns, ¢ indexes FOMC announcements, of
which there are 323 in the announcement data of Bauer and Swanson (2023b).
With daily stock returns, ¢ indexes days with FOMC announcements, of which
there are 316 in the sample, since there are seven days with two announcements.
Note that in equation (10), mps; denotes the surprise around announcement (day)
t, whereas in equation (5) it denotes the surprise in month ¢.
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TABLE V
STOCK MARKET RESPONSES TO MONETARY POLICY SURPRISES

CRSP daily S&P500 30-min

Benchmark Baseline y Inertial § Benchmark Baseline y Inertial §

mps; —6.90%* —11.1%* —8.76™*  —3.92% —6.17%*  —5.45%*
(1.47) (2.48) (1.62) (0.89) (1.21) (1.00)
Vi —0.072 —-0.24 —0.0029 0.24
(0.25) (0.51) (0.12) (0.37)
mps; X P 10.1** 13.5%** 5.41%* 9.96**
(4.78) (5.05) (1.74) (3.01)
Intercept  0.20*** 0.23* 0.24* —0.018 —0.019 —0.072
(0.060) (0.14) (0.14) (0.031) (0.076) (0.095)
R? 0.13 0.15 0.15 0.14 0.16 0.17

Notes. Regressions of stock market returns on monetary policy surprises, mps;, the estimated output-gap
coefficient in the perceived policy rule, 7, and the interaction of the two. In the first three columns, the
dependent variable is the daily return on the CRSP value-weighted index. In the last three columns, the
dependent variable is the return on S&P500 futures in the 30-minute window around the monetary policy
announcement. The sample includes 316 FOMC announcements between February 1988 and December 2019.
Robust standard errors are in parentheses. * p < .10, ** p < .05, *** p < .01.

bg + b3y, would be near zero, meaning that the stock market does
not respond to policy surprises at all. In other words, the nega-
tive market response to policy surprises is driven by times when
the Fed’s responsiveness to output is perceived to be low. The last
three columns show similar but more precisely estimated coeffi-
cients for the return on S&P500 futures in a 30-minute window
around the announcement as the dependent variable, following
Gurkaynak, Sack, and Swanson (2005) and Bauer and Swanson
(2023Db).

These results are consistent with the standard New Keyne-
sian model, where a more responsive monetary policy rule damp-
ens the volatility of the output gap in response to shocks.?’ After
a tightening surprise or contractionary policy shock, output and
corporate profits are expected to fall, driving down stock prices. If
7 1s high, investors expect the Fed to be more sensitive to output
and to lower interest rates relatively sooner to undo the negative
effects on the output gap. In this case, a tightening surprise is
expected to have smaller effects on future output, and the impact
on stock prices today is less severe. On the other hand, when the
Fed is perceived to react less to output fluctuations and y; is low,

27. See, for example, Clarida, Gali, and Gertler (2000) and Gali (2015,
sec. 4.4.1).
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the same tightening surprise is expected to last longer, leading
to more severe macroeconomic consequences and more negative
stock response.

The stock market’s response to FOMC announcements is of-
ten interpreted as high-frequency evidence of the real effects of
monetary policy, given that stock prices reflect macroeconomic
expectations (Bernanke and Kuttner 2005). Our results suggest
that shifting perceptions about the monetary policy rule also mat-
ter for real economic outcomes. In particular, investors expect
monetary policy shocks to more strongly affect economic outcomes
at times when the Fed is perceived to be less responsive to the
economy.”®

V. A SIMPLE MODEL WITH LEARNING AND HETEROGENEITY

We present a simple model that rationalizes our estimation
of the perceived monetary policy rule and explains our empiri-
cal findings. The model features incomplete information about
both the state of the economy (as in noisy-information models,
e.g., Woodford 2003a) and about the Fed’s policy rule (similar to
Eusepi and Preston 2010; Cogley, Matthes, and Sbordone 2015;
Bauer and Swanson 2023a, 2023b). Forecasters receive idiosyn-
cratic signals about the economy that lead to forecast disagree-
ment. The Fed’s interest rate decisions provide information about
its policy rule and cause changes in the perceived rule. The model
characterizes the relationship between interest rate and output-
gap forecasts, the belief updating in response to monetary policy
surprises, the response of interest rates to macroeconomic news,
and the properties of term premia in long-term bonds. It also al-
lows us to quantify the importance of uncertainty about the mon-
etary policy rule for high-frequency monetary policy surprises. All
proofs are given in Online Appendix F.1.

28. While we focus on the potential for cash flow effects to explain the results
in Table V, risk-bearing capacity and risk appetite may change as well (Bauer,
Bernanke, and Milstein 2023). In the model of Pflueger and Rinaldi (2022), risk
premia amplify the news about cash flows generated by monetary policy shocks.
Thus, the stock response remains connected to the macroeconomic response even
in the presence of volatile risk premia. We have also found that our results are
robust to controlling for the change in the 10-year Treasury rate around FOMC
announcements. This suggests that the results in Table V are not driven solely by
changes in term premia in long-term bonds.
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The policy rate is described by a simple monetary policy rule,
(11) It = VX + Pl—1 + Uy,

with i.i.d. monetary policy shocks u; ~ N(0, 62). The key param-
eter is the response to the output gap, y;, which is known by the
Fed but not the public. It is time varying and follows a random
walk,

(12) Verl = Ve + &41,

with i.i.d. innovations & ~ N(O, 052). For simplicity, the degree of
policy inertia p is known and constant. We abstract from the ef-
fects of monetary policy on the economy and let the output gap x;
follow an exogenous AR(1) process,

(13) Xt = ¢xt_1 + Vg,

with i.i.d. innovations v; ~ N(0, 02). The shocks u;, &, and v; are
mutually uncorrelated.

In period 1, the prior belief of forecaster j about the monetary
policy rule is given by

(14) E Vo) =, Var (y11Y0) = o,

where ); denotes the information set including past output gaps
and interest rates up to and including time ¢. All forecasters have
the same prior beliefs about the policy rule. We denote beliefs
about the policy rule, based on information up to time ¢, by ;11 =
E(y41100).

At the beginning of each period, each forecaster observes
a noisy signal about the output gap, v/ =x; + n/, where n/ ~
N(O,O’r]Z) is i.1.d. across ¢ and j. The signals lead to disagree-

ment in output-gap forecasts EV/ (xt+h Vi1, v) ) Forecasters then
use the perceived policy rule to make interest rate forecasts,
EV (it+h|yt_1, v/ ) In our model, output-gap forecasts are ratio-

nal, but similar results would obtain in the presence of under- or
overreaction, strategic incentives, or other biases (Bordalo et al.
2020; Angeletos, Huo, and Sastry 2021), as long as forecasters
form policy-rate forecasts consistent with their perceived policy
rule.

Next all forecasters observe the output gap x;, similar to a
macroeconomic announcement in the data. At the end of period
t, the Fed sets the policy rate i; based on the policy rule, simi-
lar to an FOMC announcement. In response to the interest rate
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decision, forecasters update their beliefs about the policy rule,
captured by 7.

In our baseline specification, forecasters update about the
policy-rule parameter as rational Bayesians, but we can allow
for nonrational updating due to overconfidence. Building on the
model of belief misspecifications of Angeletos, Huo, and Sastry
(2021), we assume that forecasters perceive the variance of the
monetary policy shock to be ‘L—‘? when it is actually o2. If © < 1,
forecasters are effectively overconfident, overweighting their own
private prior relative to the public signal contained in the policy
rate in the spirit of Bordalo et al. (2020).

Lemma 1 shows that the perceived monetary policy rule can
be recovered from a forecaster-horizon panel.

LEMMA 1 (PERIOD-BY-PERIOD PANEL REGRESSION). In the panel
regression of time ¢ policy-rate forecasts on time ¢ output-gap
forecasts with forecaster fixed effects

EV <it+h V-1, v,f) = “? +gEY (xt+h

yt—19 Ug)

+b,EY (it+h—1 ‘%—1, Vlf) + &jne
the regression coefficient g; is a consistent estimate of j;.

Our empirical strategy in Section II builds on the insight
from Lemma 1 that the perceived coefficient j; can be estimated
with a panel regression using forecasts made at ¢.

Lemma 2 describes how forecasters update their perceptions
of the monetary policy rule. We use E(-) to denote average or “con-
sensus” expectations across all forecasters j.

LEMMA 2 (POoLICY SURPRISES AND BELIEF UPDATING). The mon-
etary policy surprise is

(15) mps; = i ~E @ |\ Vi1, %) = (v — P )xe + wy,

and forecasters update their policy-rule belief y; according to

. . mps; ofxtz
Vi4l — Ve = ¢ < wt5—22 P
u
t O/ Xy + P
2 2 2
(16) Gt+1 :Ut (1—(X)t)+0'%._

Lemma 2 shows how the monetary policy surprise, mps;, con-
veys information about the actual rule y;. In the absence of mone-
tary policy shocks, we would have y; — 75 = %s’ and thus y; could
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be learned perfectly. With monetary policy shocks, forecasters up-
date their prior 7 depending on the signal-to-noise ratio w;. The
model predicts no updating after monetary policy decisions in the
limiting case with vanishingly small uncertainty about the mon-
etary policy coefficient, captured by the prior variance o2. In this
case, w; is zero because agents are confident that they know the
policy rule.

The key testable implication of Lemma 2 is that the per-
ceived policy rule 7 should respond to monetary policy sur-
prises in a state-contingent way. A positive monetary policy sur-
prise could arise either from a positive output gap and higher-
than-expected monetary policy coefficient, or from a negative
output gap and lower-than-expected 3;. Thus, in response to
such a positive surprise, forecasters revise y up in a strong
economy but revise it down in a weak economy. Our evi-
dence in Section III confirms this prediction and supports the
view that agents have incomplete information about the policy
rule.

Figure IV illustrates the model’s implication that updating
of beliefs about the policy rule is state-contingent. The speed
at which forecasters update their beliefs j; differs depending on
whether agents update rationally (x = 1) or exhibit overconfi-
dence (k < 1). With rational updating, the perceived monetary
policy coefficient responds immediately and permanently to the
policy surprise (solid black lines). In the case of overconfidence,
agents put too much weight on their priors about the policy rule
and respond more slowly (dashed red lines). The gradual re-
sponses in this case match the empirical patterns in Figure III.
An additional implication of underreaction is that fed funds fore-
cast errors should be predictable from the interaction of economic
activity and the perceived monetary policy reaction coefficient j;,
a prediction that we verify in Online Appendix C.

Lemma 2 also allows us to roughly quantify the empirical
relevance of incomplete information about the policy rule. The
expression for w; in Lemma 1 provides a link between the mag-
nitude of the response of j; to observations of %;St and the share
of uncertainty about the monetary policy surprise that is due to
uncertainty about the policy rule. We can use this link to conduct
a simple back-of-the-envelope calculation: comparing the peak re-
sponse in the top left panel in Figure III of 0.7 with an average
output gap of 1.4% suggests that about % = 50% of the variation
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Model Impulse Responses of Perceived Monetary Policy Coefficient

Regression on model-simulated data: 7, = a + b(lh)mpst(l — weak;) +
b;h)mpstweakt +cMweak; +d™M 9,1 + &), where weak; is an indicator for
whether the output gap during period ¢ was negative. We report the average
across 2,000 simulations of length 3,000. The simulations use a persistence of
the output gap of p =0.95, and volatilities o, = 1.2, 0, = 0.05, and oz = 0.1.
“Rational” corresponds to x = 1, and “Overconfidence” to « = 0.1.

in monetary policy surprises are due to the uncertainty of fore-
casters about the policy rule.?”

Lemma 3 states that the perceived monetary policy rule
should also influence how strongly interest rates respond to
macroeconomic news announcements.

29. Equation (16) shows that the amount forecasters update their perceived
rule 7 following a surprise depends on their uncertainty about the rule (o), the
volatility of the policy shock (03), and the output gap. The output gap is on average
1.4 percentage points above its median during strong economic times. Substitut-
ing %41 — 7 ~ 0.7 and x; ~ 1.4 into equation (16) and solving for w; suggests that
forecasters attribute about 50% of the variation in monetary policy surprises to
uncertainty about the policy rule.
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LEMMA 3 (MACROECONOMIC NEWS). Define a macroeconomic
surprise as Ax; =x; — E (xt

Vi1, vtj ) and the contemporane-
ous change in interest rate forecasts as Ai; = E (i; | V1, % ) —
E (it
regression is positive:

Vi 1, vtj ) The interaction coefficient b3 in the following

(17) Alt = b() + bl),)t + bzAxt + b3)>tAxt + &.

In Section IV.A, we confirm the prediction of Lemma 3 that
the perceived monetary policy rule influences the sensitivity of
interest rates to macroeconomic news.

Lemma 4 traces out the implications of the perceived mon-
etary policy rule for term premia in long-term bonds, using the
two-period bond as a stand-in. We assume a simple stochastic dis-
count factor where marginal utility is inversely related to the out-
put gap. One microfoundation for this assumption would be con-
stant relative risk aversion (CRRA) utility over consumption with
consumption equal to output and constant potential output. Sim-
ilar assumptions for the stochastic discount factor are common
in reduced form asset-pricing models (e.g., Lettau and Wachter
2007).

LEmMMA 4 (BOND RISK PREMIA). Assuming a log stochastic dis-
count factor m; 1 = —i; — Yv11 — 39202, the expected excess
return on a two-period bond declines with the perceived mone-
tary policy coefficient 7.

Lemma 4 predicts that the perceived monetary policy rule
should influence long-term interest rates beyond its impact on ex-
pected future policy rates, that is, through term premia. When the
perceived monetary policy coefficient, 74, is high, interest rates
are expected to fall and bond prices are expected to rise in re-
cessions, which are states of high marginal utility. This perceived
comovement makes long-term bonds desirable hedges, decreasing
the term premia that investors demand to hold them. We confirm
these predictions for expected excess bond returns in Section IV.B.

Combining Lemmas 2 and 4 yields the following result for the
responses of long-term bonds to monetary policy announcements.

COROLLARY 1 (STATE-CONTINGENT LONG-TERM BOND RE-
SPONSES). Denote the interest rate on a two-period bond
by ylﬁ”) and let weak; be an indicator variable equal to one

when the output gap is negative and zero otherwise. In the
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regression
(18) Ayilt) = bo + bymps; + boweak; + bsmps;weak; + &,

the coefficient bs is positive.

Corollary 1 has further testable implications for the trans-
mission of the perceived monetary policy rule to long-term inter-
est rates. It uses a two-period bond to understand the behavior
of long-term bond yields around monetary policy announcements,
showing that long-term bond yields should display excess sensi-
tivity to monetary policy surprises when the economy is weak,
that is, x; is below average. Conversely, long-term bond rates
should be relatively insensitive to monetary policy surprises if
the economy is strong and x; is above average. We confirm this
prediction in Section IV.C.

VI. ROBUSTNESS OF ESTIMATED PERCEIVED PoLicYy RULES

This section demonstrates the robustness of our estimates
of the perceived output-gap coefficient 7; to alternative specifica-
tions of the policy rule and different estimation methods. Overall,
we find that our estimates are very robust: All of the alternative
estimates of §; are highly correlated with our baseline estimates,
with correlation coefficients above 0.8.

We first consider an estimate of the baseline rule equation (2)
that does not include forecaster fixed effects. This simple pooled
OLS estimate of y; has a correlation of 0.84 with our estimate in-
cluding forecaster fixed effects. Online Appendix Figure B.1 plots
both estimates. Because of the less restrictive assumptions re-
quired for the estimates with forecaster fixed effects, we focus on
these throughout the article.

While our panel regression estimates treat each Blue Chip
survey as separate, we can link the surveys over time using state-
space models. Online Appendix B.1 estimates two such models,
corresponding to panel regressions with and without forecaster
fixed effects. The resulting estimates of 7 and B, are somewhat
smoother month to month, but overall exhibit very similar pat-
terns to our panel-regression estimates. For the estimate of j;
with forecaster fixed effects, the correlation with the correspond-
ing state-space model estimate is 0.99.

Our estimation assumed that forecasters share a common be-
lief about the rule’s parameters. What if there is heterogeneity
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in the perceived rule? Under certain conditions that are stated
in Online Appendix B.2, heterogeneity is orthogonal to our es-
timates in the sense that we capture the average belief across
forecasters. This is the case, for example, if heterogeneity in
macroeconomic forecasts is uncorrelated with heterogeneity in
the perceived rule parameters. To relax this assumption, we con-
sider three alternative estimates of the perceived monetary pol-
icy rule that account for heterogeneity (details and plots are in
Online Appendix B.2). First, we estimate a regression of the form
equation (2) for each forecaster, only using the cross-horizon vari-
ation, and then average the estimates across forecasters. The re-
sulting series has a correlation of 0.81 with our baseline ;. Sec-
ond, we estimate a multidimensional panel regression (across i,
J, and h) that includes forecaster fixed effects interacted with the
output-gap and inflation forecasts, thus allowing individual fore-
casters to persistently perceive the Fed to be more or less respon-
sive to output and inflation than the average forecaster. In this
case, the correlation with our baseline y; estimate is 0.88. A third
way to address heterogeneity is to consider subsets of forecast-
ers. We split forecasters into three groups based on their inflation
forecasts, addressing the concern that inflation hawks (forecast-
ers that expect high inflation) and doves might perceive different
monetary policy rules. The resulting estimates of 7 have a cor-
relation with our baseline estimate of 7, that is above 0.8 for all
three groups. Together, these results suggest that the time vari-
ation evident in our perceived policy rule is common to the mon-
etary policy beliefs across all forecasters, and that accounting for
belief heterogeneity does not materially affect the time-series pat-
terns that are the main focus of our article.°

Next we address concerns about omitted variables in the
perceived policy rule. In particular, there is extensive evidence
that financial market conditions affect the Fed’s monetary pol-
icy.3! If forecasts for financial conditions and economic condi-

30. Relatedly, in Online Appendix E.2 we show that our baseline estimates of
7 are only slightly positively correlated with the measures of forecaster interest
rate disagreement from Giacoletti, Laursen, and Singleton (2021). This finding
suggests that the Fed’s ability to eliminate disagreement about future policy rates
is not driving our estimates.

31. For example, Caldara and Herbst (2019) show that U.S. monetary policy
reacts to changes in corporate credit spreads, and Cieslak and Vissing-Jorgensen
(2021) document evidence for a Fed put, that is, that policy reacts to stock market
downturns.
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tions are correlated, then a high value for j; could partly re-
flect the perceived monetary policy response to financial condi-
tions. We investigate this possibility by including forecasts of fu-
ture credit spreads—the difference between forecasts for Baa cor-
porate bond yields and the 10-year Treasury yield—as a proxy
for expected financial conditions.?” These estimates indeed con-
firm an important perceived role for financial conditions in deter-
mining the policy rate, as the coefficient on the expected credit
spread is often substantially negative and statistically signifi-
cant (results omitted). But incorporating credit spread forecasts
into the perceived policy rule has little effect on the perceived re-
sponse to output-gap forecasts. The correlation between our base-
line estimates of 7 and those including expected credit spreads
is 0.94.

Another possible concern about our estimates is the reliance
on output-gap forecasts that are imputed from GDP growth fore-
casts. We address this concern by estimating perceived policy
rules using the SPF, which contains forecasts for the unemploy-
ment rate as an alternative measure of expected economic activ-
ity. Online Appendix B.4 shows that the resulting j7; look very
similar to those for the BCFF.

Finally, we address the concern that our estimates of mon-
etary policy rules might be potentially biased due to the endo-
geneity of the macroeconomic variables. After all, inflation and
output are endogenously determined by all structural shocks in
the economy, including the monetary policy shock. Recent work
by Carvalho, Nechio, and Tristao (2021) analyzing different types
of New Keynesian models suggests that OLS estimates of pol-
icy rules may not be affected much by this bias. Nevertheless,
one might worry that our estimates of 7 might be biased by the
perceived endogenous response of inflation and output to mon-
etary policy and therefore do not capture the perceived respon-
siveness of monetary policy to economic conditions. To deal with
this issue, we quantify the bias and adjust for it, adapting the
model-based approach of Carvalho, Nechio, and Tristao (2021) to
our cross-sectional setting as detailed in Online Appendix B.3. As
expected, we find that the bias-adjusted 7; is somewhat higher
than the baseline estimate, with a sample mean of 0.57 versus
0.43. This difference is consistent with the idea that forecasters

32. Forecasts of the Baa yield are available in the BCFF data starting in 2001.
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expect exogenous monetary policy shocks to cause output to con-
tract, biasing down ;. However, the bias adjustment leaves the
time-series variation in j;, our main object of interest, largely un-
changed, as evident from the high correlation between baseline
and bias-adjusted estimates of 0.92.

A structural interpretation of our estimates as coefficients
in a perceived policy rule is also supported by our empirical re-
sults, which show that y; responds to monetary policy surprises
in a state-dependent, theory-consistent manner (Section III) and
that it explains interest rate responses during narrow inter-
vals around macroeconomic news surprises (Section IV.A). That
said, one could also simply interpret j; as the perceived endoge-
nous comovement between the policy rate and the macroeconomy,
sidestepping these causality concerns. Under this interpretation,
our results help us to understand how forecasters learn about this
comovement, and how their perceptions are reflected in financial
markets.

VII. CONCLUSION

This article presents new time-varying estimates of the mon-
etary policy rule perceived by professional forecasters, using rich
panel data of monthly survey forecasts. With our estimates of
the perceived monetary policy rule, we document a number of
new facts that are relevant for monetary policy and asset pric-
ing. First, the perceived responsiveness of monetary policy to
the economy varies substantially over time, reflecting the Fed’s
shifting concerns about economic data versus financial and other
risks. It tends to be high during monetary tightening cycles when
Fed policy is perceived to be data-dependent, and low during eas-
ing cycles and times of elevated economic and financial uncer-
tainty. Second, after high-frequency monetary policy surprises on
FOMC announcement dates, forecasters update their estimates
of the monetary policy rule, indicating that they perceive mon-
etary policy surprises to be informative about the rule followed
by the Fed. The way forecasters update depends on the state of
the economy, as the same surprise tightening indicates higher
responsiveness to the economy in a strong economy and weaker
responsiveness in a weak economy. Third, the perceived mone-
tary policy rule affects the transmission of monetary policy to
financial markets, explaining the sensitivity of interest rates to
macroeconomic news, the variation in term premia on long-term
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bonds month-to-month and around monetary policy surprises,
and time variation in the response of the stock market to FOMC
announcements.

These conclusions have broader implications for monetary
economics and the practice of monetary policy. In particular, they
imply that the impact of monetary policy on financial markets—
the first stage of the monetary transmission mechanism—cannot
be understood without taking into account that the public has
incomplete information about the Fed’s monetary policy strategy
and learns about it over time. This opens the door for important
additional research, addressing such questions as how central
bank communication shapes perceptions about the monetary pol-
icy strategy and how optimal monetary policy should account for
shifting perceptions in seeking to stabilize inflation and employ-
ment.
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