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1. Introduction

The relevance of central bank communication has risen significantly
over the past decade as policy goals and associated operations have be-
come more complex. Constrained by the effective lower bound on policy
rates, major central banks have resorted to unconventional measures.
Communicating these policies poses a challenge, as evidenced by the
rise in the verbosity of central bank statements. New empirical methods
are needed to quantify the effects of monetary policy, especially when

* We thank Manuel Adelino, Carlo Altavilla, Ryan Banerjee, Ravi Bansal, Tim Bollerslev,
Stefania D'Amico, Jordi Gali, Refet Giirkaynak, Sam Hanson, Tim Kroencke, Michael
McMahon, Emanuel Moench, Chris Neely, Giovanni Ricco, Hyun Shin, Roland Straub,
Viktor Todorov, Kostas Tsatsaronis, Brian Weller, Ken West, and participants at the NBER
International Seminar on Macroeconomics (ISoM), Central Bank Communication
Conference at the Bank of Canada, MIT Junior Finance Faculty Conference, 8th
Bundesbank Term Structure Workshop, as well as seminar participants at the Bank for
International Settlements, Federal Reserve Bank of St. Louis, Reserve Bank of Australia,
Duke University (Fuqua), University of British Columbia (Sauder), University of
California San Diego (Rady), Ohio State University (Fisher), Bilkent University, University
of Technology Sydney, University of New South Wales, and Macquarie University for
their valuable comments. We thank Zhongtian Chen, Hao Pang, Tania Romero, and Song
Xiao for excellent research assistance. The views in this paper are those of the authors
and not necessarily those of the Bank for International Settlements (BIS).

* Corresponding author at: Duke University, Fuqua School of Business, United States of America.
E-mail addresses: anna.cieslak@duke.edu (A. Cieslak), andreas.schrimpf@bis.org
(A. Schrimpf).

https://doi.org/10.1016/j.jinteco.2019.01.012

monetary shocks measured using interest rate changes around an-
nouncements can be conflated with other information about the eco-
nomic and financial conditions.

This paper proposes a new approach to analyzing the information
content of central bank communication. Drawing on the joint dynamics
of government bond yields with equity returns around central bank re-
leases, we quantify the importance of different economic shocks that
drive the response of financial markets to policy communication. Specif-
ically, we classify the information revealed by central banks into mone-
tary policy, economic growth, and risk premium news. By the latter, we
mean news that affects investors' risk valuations (via changes in risk ap-
petite or sentiment) separately from changes in economic fundamen-
tals. Collectively, we refer to news about economic growth and news
affecting risk premia as non-monetary news.

Our approach to dissecting the news content of central bank commu-
nication exploits both the direction of the comovement between stocks
and yields as well as the effect of news across the maturity dimension of
the yield curve. We build our intuition using a stylized macro-finance
model that delivers the following predictions. A conventional monetary
policy shock affects the real rate and induces a negative comovement of
stocks and yields that is stronger at short maturities. Both growth and
risk premium shocks induce a positive comovement of stocks and yields.
However, their effects differ in the maturity dimension, a fact we exploit
for identification. Growth shocks have a greater bearing on the short-to-
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intermediate segment, whereas risk premium shocks affect more the
long segment of the yield curve. While the effects of growth and mone-
tary policy shocks are standard, the positive comovement of stocks and
yields via the risk premium channel arises when nominal bonds hedge
bad economic times. We derive restrictions on the joint dynamics of
macroeconomic factors, monetary policy and asset prices necessary to
support this intuition, and argue that these restrictions plausibly hold
true during the period of our analysis.

To gauge the comovement of stocks with the entire yield curve, we
introduce the notion of the term-structure of stock-yield covariances,
i.e., covariances of stock returns with changes in yields of different ma-
turities. We rely on high-frequency data to construct the term structures
of covariances at the level of a single event. The sign and the maturity
pattern of those covariances allows us to determine the dominant
piece of economic news revealed by central banks across a variety of
communications beyond just monetary policy decision statements.

To this end, we compile a novel database of time-stamped monetary
policy events by the four main central banks—the Federal Reserve (Fed),
the European Central Bank (ECB), the Bank of England (BOE) and the
Bank of Japan (BOJ)—spanning the period from the late 1990s through
the end of 2017. We classify events on several dimensions. At the basic
level, we distinguish events by types of communication tools, most impor-
tantly (i) statements of monetary policy decisions, (ii) press conferences,
(iii) releases of minutes of the policy meeting and, in the case of the BOE,
inflation reports. We further introduce a classification of unconventional
policy interventions, e.g., distinguishing between the phases of asset pur-
chase programs, and we additionally characterize announcements by
whether they are accompanied by changes in explicit forward guidance.

As the key result, we show that the non-monetary information con-
tent dominates more than half of communication events in our analysis.
We find significant differences in the news composition across communi-
cation tools and over time. Monetary news prevails in the announce-
ments of monetary policy decisions. News about economic growth,
instead, is the dominant piece of information gleaned by market partici-
pants during press conferences and other communication events whose
aim is to explain the context of policy decisions. Risk premium shocks
exert substantial non-linear effects on asset prices, and their importance
increases with the implementation of unconventional monetary policies.

Focusing on scheduled announcements by the Federal Open Market
Committee (FOMC), we find negative and significant stock-yield
comovement for about 60% of those events, consistent with a dominant
monetary channel; however, the remaining more than 30% of announce-
ments feature a positive and significant stock-yield comovement, sug-
gesting an important non-monetary component, especially due to
news about growth. This distinction becomes even more pertinent to un-
derstanding the news conveyed at the central bank press conferences. As
one prominent example, press conferences by the ECB transmit
non-monetary content in about 65% of the cases, with growth and risk
premium news carrying the largest weight in terms of economic signifi-
cance. Importantly, we find that although many of the unconventional
policy announcements have a significant non-monetary content, explicit
forward guidance works as a powerful monetary shock.

We document that the news content of central bank announcements
varies significantly over time. Studying the period of the financial crisis
and its aftermath, we uncover a break in the composition of central bank
news that occurs around mid-2013. Specifically, non-monetary news
drives communication in the period from 2008 through mid-2013,
while from mid-2013 through the end of our sample in 2017 the role
of monetary news gains prominence. We associate this shift with the
market's anticipation and then the actual announcements of the exit
from policy accommaodation.

To corroborate our news classification based on the term structure of
stock-yield covariances, we propose an alternative empirical strategy
that allows us to assess the fraction of asset price variance stemming
from different structural shocks. Specifically, we achieve identification
by imposing two types of restrictions: sign restrictions on the

comovement of stocks and yields and monotonicity restrictions along
the yield curve. We then decompose high-frequency (reduced-form)
shocks to stocks and yields around FOMC decision announcements
and ECB press conferences into monetary, growth and risk premium
shocks that have the structural interpretation we discuss above. The es-
timates for the Fed and the ECB are broadly consistent with each other.
The most important sources of variation are growth and monetary
shocks (in roughly equal proportions) for the two-year yield, risk pre-
mium shocks for the ten-year yield and monetary policy shocks for
the equity returns. The results from this approach are complementary
to those based on the term structure of covariances.

Our findings have several implications for understanding central bank
communication and beyond. Most importantly, common event-window
identification using responses of short-term rates confounds monetary
policy shocks with other information transmitted by central bank an-
nouncements. One example is the so-called path shock that is commonly
inferred from the response of yields beyond the shortest maturities
(Giirkaynak et al., 2005a). To the extent that news about growth, news
about the future course of policy, and shocks to risk premia can all affect
yields at longer maturities, path shocks may arise as a combination of sev-
eral structural shocks. Using the maturity dimension of the yield curve
together with the comovement between yields and stocks helps disen-
tangle those economically distinct pieces of information. Our results
also suggest that caution needs to be applied when measuring mone-
tary policy shocks by lower frequency responses of interest rates
(e.g., daily frequencies). With monetary policy decision announcements
nowadays commonly followed by a press conference, we show that the
news content of those two communication channels can be very differ-
ent despite their proximity in time. Additionally, at daily frequencies,
risk premium shocks may obscure other information effects.

1.1. Related literature

A growing literature studies the role of central bank information ef-
fects, i.e., notion that central bank announcements reveal relevant infor-
mation about the economy that is not in the information set of the
public. Campbell et al. (2012a) document that tightening shocks by the
Fed increase output growth expectations and decrease unemployment
expectations of professional forecasters. This finding is inconsistent
with the standard monetary transmission whereby a tightening leads to
a drop in output relative to potential. In follow-up work, Campbell et al.
(20173, 2017b) refer to this finding as “the event-study activity puzzle,”
and argue that by observing a tightening, investors revise their economic
projections upwards and mark up their expectations of future interest
rates. Miranda-Agrippino and Ricco (2018) show that such information
effects distort the identification of monetary transmissions. To recover a
pure monetary policy signal, they control for central bank's private infor-
mation using survey forecasts. Nakamura and Steinsson (2018) propose a
model in which monetary policy announcements convey information
about both future monetary policy and economic fundamentals; this in-
formation, in turn, affects investors' beliefs about the natural real rate.

The studies above suggest that the central bank information effect
works through short-rate expectations. Hanson and Stein (2015) take
a different view. They argue that monetary policy affects bond risk
premia and hence can exert a significant effect on long-term interest
rates. Our results help reconcile these seemingly opposing views by
quantifying the importance of monetary news, growth news and news
affecting investor risk attitudes. Moreover, we show that the relative
importance of each of those channels varies significantly across the
communication tools used by central banks.

The idea of using the comovement of stocks and bond yields to dis-
criminate between the types of economic shocks builds on the work of
Rigobon and Sack (2003, 2004). Rigobon and Sack (2003) distinguish
between monetary policy shocks versus shocks originating in the
stock market. They posit that the covariance between interest rate
changes and stock returns is negative when the variance of policy
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shocks increases, and it is positive when the variance of stock market
shocks increases. To implement their identification, Rigobon and Sack
(2004) assume that the variance of policy shocks is naturally elevated
around major Fed communication events such as days of the FOMC
policy decisions. By observing stock-yield comovement around every
single event, our approach suggests that non-monetary news in fact fre-
quently drives asset price variation on such policy days.

Several authors exploit the comovement of stocks and interest rates
to distinguish between growth and monetary policy shocks. Matheson
and Stavrev (2014) propose to use a bi-variate VAR with sign restrictions
on the structural covariance matrix of shocks. They estimate the VAR
with S&P 500 index, and 10-year US Treasury yields to study the events
around the so-called taper tantrum. Relatedly, Jarocinski and Karadi
(2018) impose sign restrictions on short-term rates and stocks, which
they then embed within a more complex VAR that also includes macro
variables. Our approach complements these studies in several ways.
First, we exploit the high-frequency covariance structure of shocks to
stocks and yields. Second, we draw upon the entire maturity dimension
of the yield curve, which allows us to take a stance on the role of risk pre-
mium shocks induced by policy communication. Finally, we document
differences in the types of news coming out via distinct communication
channels, and study these channels across the main central banks.

The remainder of this paper is structured as follows. Section 2 pre-
sents a conceptual framework of the joint dynamics of stocks and yields
that guides the subsequent empirical analysis. Section 3 introduces our
database of central bank communication events and describes the intra-
day data on equity and fixed income futures. Section 4 briefly reviews
the reaction of stock returns and yields changes to different types of
central bank communication. Section 5 discusses our core results on
the effect of communication on stock-yield covariances across the
term structure. It also classifies communication events by the types of
economic news they transmit. Section 6 takes a closer look at stock-
yield comovement during various phases of unconventional monetary
policies. Section 7 quantifies the contribution of monetary policy, growth
and risk premium shocks to the variation of asset prices. Here, we exploit
sign restrictions on the comovement of stocks and yields and monotonic-
ity restrictions across the yield curve. Section 8 concludes.

2. Conceptual framework

Market commentary frequently asserts that stocks and government
bond yields co-move positively in response to news about economic ac-
tivity and changes in investors' “risk appetite,” and negatively to news
about monetary policy. A positive growth shock (good economic
news) moves yields and stocks higher; a positive monetary policy
shock (tightening) moves yields up and stocks lower; a positive risk
aversion shock (decline in risk appetite) pushes yields and stock returns
down as in “flight-to-safety” or “risk-off” episodes.

This section discusses the economic intuition behind this narrative. We
summarize the necessary restrictions on macroeconomic factors and on risk
premia that determine the joint behavior of the yield curve and the stock
market. We also highlight how the maturity dimension of the yield curve
can help identify the effects of the different types of structural shocks.

2.1. Reduced-form shock decompositions for yields and stocks

Let i denote the nominal one-period short-term interest rate, and let
;1 denote the log change in the price level from ¢t to t + 1. The ex-ante
real rate, ¢, is defined as the nominal short rate less one-period ex-
pected inflation, r =i, — E,(m,+1). Based on the standard yield curve ar-
ithmetics (e.g., Campbell and Ammer, 1993), we can link the n-period

1 For example, on Sep 6, 2016, a WSJ article claimed: “A generation of traders have
grown up with the idea that stock prices and bond yields tend to rise and fall together,
as what is good for stocks is bad for bonds (pushing the price down and yield up), and vice
versa.”

nominal yield to inflation expectations, real rate expectations, and
expected bond returns:

1M 1 n—1 1 n—2 .

W =S Eele) + > Eelre) + 3 Ee(exl ), (1)
L ni= i3

where ex{?;= — (n — 1)y&7 Y + mA" — i, represents the one-period

excess return on an n-period bond. The third term in (1)—summing ex-
pected one-period returns over the life of the bond—is usually referred
to as the term premium. The decomposition shows that yield curve

shocks, denoted ", below, arise from shocks to the expected
inflation, shocks to the expected real rate and/or shocks to the term pre-
mium:

o)y () _ ™ (n) (n)
Veor=Yen —Ee (ym) = Upper T ey T Upe (2)

Let rf, 1 denote the total log return on the aggregate stock market,
pd; the log price-dividend ratio, and Ad,. ; the aggregate log dividend
growth rate; r.,{ and Ad.,, are expressed in real terms. Following
Campbell and Shiller (1988), the log price-dividend ratio is given by

=28 S (1), »
=

where ex;, ; is the stock excess return with ex?, ;= r{1— r: and K, K
are linearization constants. With log-linearization, 1{, 1~ Ko + Kipd;+1 +
Ad;4 1 — pd, shocks to stock returns, 7, , are driven by news about future
cash-flows (dividends), real rates and excess returns (risk premia):

fiﬂ = 1‘;“ —E (rgﬂ) = ufi,tﬂ _ui.tﬂ _uZx,Hl : 4)

Egs. (2) and (4) follow from present-value accounting, and have no
structural interpretation. Next, we discuss how meaningful economic
shocks are expected to affect those reduced-form objects.

2.2. Comovement of stocks and bond yields in response to economic shocks

To provide intuition for our empirical approach, we lay out how
monetary, growth and risk premium shocks are expected to affect
stocks and yields at different maturities. In the Appendix to the paper,
we formalize this intuition using a simple macro-finance model with a
log-normal stochastic discount factor. Our discussion is tailored to the
properties of the joint dynamics of stock returns and bond yields in
the sample from the late 1990s, which is the period of focus in our em-
pirical analysis. For simple notation, we denote monetary, growth and
risk premium shocks as &', & and &, respectively.

2.2.1. Monetary policy shocks
Conventional monetary policy shocks operate by changing the real
short rate r.. A monetary tightening depresses stock prices by increasing

the risk-free component of discount rates (i <0 as 3‘3:—:; >0). Yields in-

e
fps Bj/(m ul” 2
crease across maturities (g > 0 as 35 > 0).” To the extent that the

real rate is persistent but mean-reverting, the effect of such shocks is
larger at the short end of the yield curve than it is at the long end

~(k) ~
(aaygm > %3; >0 for k < 1).2 Such intuition of how conventional monetary

policy shocks propagate across the term structure is confirmed by a

2 Atightening can also negatively affect investors' growth expectations, pushing stocks
down further. Also in this case, a monetary shock unambiguously moves stocks and yields
in the opposite direction.

3 With the zero lower bound, the effective short-end of the yield curve shifts towards
longer maturities (e.g., Swanson and Williams, 2014), as the central bank uses forward
guidance to communicate its expectations about, or commitment to, the path of the policy
rate several quarters ahead.
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number of studies (e.g., Rigobon and Sack, 2004; Giirkaynak et al.,
2005a).

2.2.2. Growth shocks

We label shocks to investors' expectations about real activity collec-
tively as growth shocks. Growth shocks encompass updates to investors'
expectations about output growth, the output gap or unemployment. Ac-
cording to the Gordon growth model, positive shocks to expectations
about economic growth raise stock prices via the cash-flow news channel

(gg—g’ >0). This effect, however, is dampened by the degree to which such

shocks also lead to an increase in the real rate (% >0). The first effect

dominates (and hence 2—2 >0) if the real rate does not adjust one-for-
one with growth expectations. Empirical estimates of various specifica-
tions of the Taylor rule suggest that this condition plausibly holds in the
US data (Clarida et al., 2000; Coibion and Gorodnichenko, 2011). Overall,
growth shocks thus move stocks and yields in the same direction. The ef-
fect of real activity news on the yield curve is typically found to be hump-
shaped, declining from the short-to-intermediate-maturity segment
(2-3 years) through the long-maturity segment of the yield curve (e.g.,

~(ky) ~ (k;

Fleming and Remolona, 2001; Giirkaynak et al., 2005b) (i.e., a%’ng < a%/;

~ (k- ~ (k)
> 636’—; for kq < k, < ks, and % >0 across maturities).
2.2.3. Risk premium shocks

By risk premium shocks, we mean shocks to financial risk premia
that are uncorrelated with the fundamental shocks in the economy.
They can be interpreted as shifts in the (effective) risk aversion, senti-
ment or risk appetite more broadly.* In the context of our model in
the Appendix, risk premium shocks arise from changes in the market
prices of risk. To the extent that government bonds become valuable
when premia on risky asset increase (as in flight-to-safety episodes),
risk premium shocks are expected to move stocks and bond yields in
the same direction. The key mechanism is that bonds provide a hedge
against those shocks that make stocks risky. As stocks do well in expan-
sions, when marginal utility is low, and poorly in recessions, when mar-
ginal utility is high, equity investors require compensation for facing

recession risk (% <0as %l;;x >0). Importantly, when inflation is procylical,

as during the period we study (e.g., Campbell et al., 2017a, 2017b),
nominal bonds hedge recession risk and provide insurance in bad
ou

p
OeP

times (

<0). This effect is expected to be stronger at longer maturities
<0 ~ (k)
(so% < ‘%’7 <0forl>k)>
The table below summarizes the expected effects of &', &, and &

shocks on stocks and the yield curve. Two arrows indicate that the effect
is stronger compared to a single arrow.

4 Such shocks to investors' risk attitudes are a key component of models such as Lettau
and Wachter (2007) or Albuquerque et al. (2016) to explain variation in asset risk premia.
Using the terminology common among market participants, such shocks lead to “risk-on/-
off” behavior frequently observed over the past decade with investors switching between
safe and risky assets (e.g., Kroencke et al., 2018). Bekaert et al. (2013) argue that monetary
policy affects investors' risk aversion, even after controlling for business cycle movements
and uncertainty. As one possible mechanism suggested in the literature, monetary policy
can affect the balance sheets of financial intermediaries, alleviating Value-at-Risk con-
straints and thereby changing their effective risk aversion (see, e.g. Adrian and Shin, 2010).

5 The illustrative model presented in the Appendix provides more intuition for the ef-
fect of risk premium shocks across the term structure. The fact that the effect of risk premia
on the yield curve increases with maturity is documented by Cieslak and Povala (2015,
2016), Hanson and Stein (2015), among others. In support of bonds being hedges of reces-
sion risk, empirical estimates of bond risk premia in the US show that they declined and
even turned negative over our sample period (Kim and Wright, 2005; Cieslak, 2018).

Shock Yields Stocks ~ Comovement of
Short/Intermed. Long stocks and yields

Monetary policy: &t 11 1 1 -

Growth: g 1 7 I T +

Risk premium: *: P 1 1 Ix l +

“A positive risk premium shock is normalized such that it implies an increase in the risk
premium on risky assets.

In sum, stocks and bond yields co-vary negatively in response to
monetary policy shocks, but positively in response to growth and risk
premium shocks. While the comovement of stocks with a single yield
of a specific maturity does not immediately allow to distinguish be-
tween growth and risk premium shocks, such a distinction can be
drawn by studying jointly the comovement of stocks with yields across
maturities.

2.3. Discussion

Our approach to news classification uses only asset prices, which re-
flect the information set of investors. In contrast, the literature following
Campbell et al. (2012a) relies on survey forecasts to identify non-
monetary news and exploits the differences between forecasts of the
public and policymakers. The usual approach is to project monetary pol-
icy shocks identified from high-frequency interest rate futures on a
survey-based measure of the gap between the information set of the
central bank and the public. The residual from this regression is then
used as a measure of the “pure” monetary policy surprise purged of
information effects. We circumvent the need of using survey forecasts
by drawing on information not only in yields but also in stocks, and by
imposing economically motivated restrictions on the comovement
between stocks and the entire yield curve. These two elements allow
us to achieve identification of the different types of news revealed by
communication.

Both approaches—survey-based and asset-price-based—have pros
and cons. The survey-based approach requires that the forecasts of
the public and the policymakers be well-synchronized with each
other and measured accurately ahead of a communication event.®
Both of these requirements are rarely perfectly satisfied in practice.
Private survey forecasts are available at most at the monthly fre-
quency and their timing relative to both central bank announcements
and policymakers' forecasts can be ambiguous (as is the case with the
commonly used Blue Chip forecasts). This limits the number of com-
munication events one can study to those cases where these issues
are least severe (e.g., monetary policy decision announcements). By
not relying on survey expectations, our approach allows us to study
a variety of communication events beyond monetary policy decisions
(e.g., minutes, press conferences, inflation reports, speeches) as asset
prices are available at high frequencies. This flexibility, however,
comes at the cost of other identifying assumptions. Additionally, the
survey-based approach does not directly take a stance on the relative
importance of shocks to growth expectations versus shocks to risk
premia, a question we address by exploiting comovement of stocks
and yields across maturities.

Our interpretation of growth shocks emanating from central bank
communication agrees with the information effects literature. In partic-
ular, the conceptual framework we build on is consistent with the
so-called Delphic forward guidance interpretation first introduced by
Campbell et al. (2012a). They define Delphic forward guidance as

6 Recently, Hansen et al. (2018) propose a narrative approach to identify information ef-
fects of central bank communication. Using the BOE's inflation reports, they show that
there is an information effect stemming from the central bank narrative about the eco-
nomic outlook, and this effect is separate from that of quantitative forecasts.
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arising from additional information about macro fundamentals revealed
by central bank announcements: “(...) the forecast revision following a
positive policy rate innovation encompasses the revelation of unexpect-
edly strong macroeconomic fundamentals as well as the contractionary
effects of the innovation itself.” Growth shocks communicated by cen-
tral banks thus tend to be entangled with the central bank reaction func-
tion, and it is important to distinguish them from monetary policy
shocks themselves. In line with the monetary economics literature,
monetary policy shocks in our framework have a structural interpreta-
tion in that they are orthogonal to economic fundamentals (see
e.g., Ramey, 2016). As such, they drive the non-systematic component
of the central bank reaction function. Growth shocks, instead, affect in-
terest rates through the systematic part of the reaction function.

Related to the Delphic forward guidance, markets can perceive mon-
etary policy announcements as being expansionary or contractionary,
given the information that central banks reveal. Consider the expan-
sionary case in which the central bank response is weaker than the com-
municated expected (and positive) output growth would suggest. Such
an event is a combination of both an information shock about growth &f
as well as a monetary shock & In this scenario, equity prices increase
(under conditions we discuss in Section 2.2), but the reaction of bond
yields depends on the size of &". Specifically, stocks gain more (and
yields less) than upon pure growth news. While the presence of &f' con-
taminates the identification of the growth shock, we can still make a
statement about which shock is the dominant one. If the monetary pol-
icy shock is large enough so as to dominate the growth news, interest
rates will move down and stocks will move up. We would classify
such an event as being mainly driven by monetary news. If growth
news dominates, instead, interest rates and stocks both increase, and
we would classify such event as driven by growth news.”

3. Data
3.1. Monetary policy events database

We compile a new and comprehensive database of time-stamped
communication events by major central banks. We focus on the central
banks of the two main currency areas, the Fed, and the ECB, and we
complement the analysis by studying the BOJ and the BOE. Our sample
period runs from September 1997 through December 2017, although
starting dates differ across countries due to the availability of high-
frequency data on futures. The overall number of events we cover is
1964.

3.1.1. Construction of the event dataset

Our main source of communication events is the Bloomberg eco-
nomic calendar. In instances where the event coverage provided by
Bloomberg is incomplete (e.g., for the BOJ), we collect information
from central bank websites. We conduct extensive cross-checking of
events in Bloomberg with both central bank websites as well as extant
studies such as Rogers et al. (2014) and Ferrari et al. (2017),
complementing the list of events where appropriate. Partly drawing
and expanding upon the two above-mentioned papers, we further com-
pile a list of unconventional monetary policy (UMP) events, such as
news about asset purchases, provision of term liquidity for banks or for-
ward guidance about the future path of policy rates. We classify UMP
events by type and policy phase at a high level of granularity. During
the period of our study, it has been common for central banks to unveil

7 Similarly, in the contractionary case, the central bank is more hawkish than the
communicated expected output growth.This event is also a combination of growth
and monetary policy news. The difference is that yields unambiguously increase
(more than justified by pure growth news), and the reaction of stocks depends
on the size of &7 If £ is large enough to dominate the effect of positive cash flow
news, then stocks move down. We would then say that the event is mostly driven
by monetary policy news. Otherwise, if growth news dominates, yield increases
are accompanied by stock market gains.

Table 1
Overview of central bank communication events.

(1) (2) 3) 4 (5 (6)

MPD PC  MIN IR Other Total
Total Unsched.
Federal Reserve (Fed) 169 6 28 136 - 29 362
(30 Sep 1997 to 31 Dec 2017)
European Central Bank (ECB) 251 2 218 - - 142 611
(09 Jun 1998 to 31 Dec 2017)
Bank of England (BOE) 230 2 9 207 78 54 544
(09 Jul 1998 to 31 Dec 2017)
Bank of Japan (BOJ) 203 5 52 179 - 14 447

(15 Jul 2003 to 31 Dec 2017)

This table provides an overview of the number of monetary policy events for the four
major central banks (Federal Reserve, ECB, Bank of Japan and Bank of England) in our
study. It reports the number of events pertaining to i) monetary policy decisions (MPD),
i) press conferences (PC), iii) the release of minutes of the policy meeting (MIN), iv) the
release of the inflation report (IR). The number of MPD events is broken down further to
indicate the number of unscheduled meetings (Unsched.). Column “Other” reports the
Number of other central bank communication events (in particular speeches by the cen-
tral bank governors or other statements). Column “Total” reports the total number of
unique time stamps in our database. Note that the number of events in columns (1)-
(5) does not necessarily sum up to the total number of events in column (6) due to the si-
multaneous occurrence of two or more event types.

major UMP news not only at scheduled policy announcements, but also
through speeches or other communication channels. We classify these
events accordingly in our data.

3.1.2. Type of communication

An important part of our analysis relies on distinguishing events by
types of communication. The most basic classification is by
(i) monetary policy decisions (MPD), (ii) press conferences (PC), and
(iii) releases of the minutes of policy meetings (MIN). For the BOE, we
also include the releases of the inflation report (IR). Table 1 presents
an overview of the number of events in these categories.

3.1.3. Fed

Our dataset covers 362 Fed events with unique time stamps. The
largest category are MPD statements (169 events) which are released
immediately following the policy decision at the FOMC meeting. The
Fed holds eight scheduled meetings per year (with six unscheduled
meetings during our sample period). It also traditionally publishes,
with a delay, minutes of the policy meeting (136 events). Press confer-
ences are a relatively new development and were first introduced in
April 2011 (28 events). Possibly because historically there were no
press conferences to provide background on the policy decision, MPD
statements have been longer than those of other central banks. They
contain 12 sentences on average, and have been increasing in length
since the financial crisis. Until 2011, statements were regularly released
at 14:15 New York time. The release time changed in 2011, alternating
between 12:30 and 14:15 depending on whether the meeting was
followed by a press conference; currently statements are published at
14:00, with the press conference at 14:30.8

3.14.ECB

For the ECB, we record 611 events with unique time stamps, of
which 251 are classified as MPDs. Monetary policy meetings of the
Governing Council take place every 6 weeks. Unlike the other major
central banks, the ECB has no history of releasing minutes.® By contrast,

8 Until June 2018, the Fed held a press conference after every second FOMC meeting. At
its June 2018 meeting, Chairman Powell announced that the Fed will hold a press confer-
ence after every meeting starting from January 2019.

9 Since November 2015, the ECB publishes the so-called account of the monetary policy
meeting. The released information, however, is less granular than minutes published by
other major central banks (e.g., the BOJ discloses votes of different members of the policy
committee on key decisions by name).
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press conferences (218 events) have historically played a key role in its
communication strategy. Compared to the Fed, the ECB's MPD state-
ments are short as the press conference serves to transmit further infor-
mation to the public. While the average length of the ECB's MPD
announcement is less than three sentences, transcripts of the ECB's
press conference (including introductory statement and the Q&A part)
contain on average 230 sentences.'® With a few exceptions, the ECB an-
nounces its policy decisions at 13:45 Frankfurt time, whereas the press
conference begins at 14:30.

3.1.5. BOE

For the BOE, our database records 544 events with unique time
stamps, with 230 MPDs. Similar to the Fed, nowadays the BOE's mone-
tary policy committee meets on average 8 times per year, down from
originally 12 meetings per year prior to 2016. Publishing minutes has
also been common as indicated by the 207 events in our sample. Addi-
tionally, the BOE publishes the quarterly inflation report (78 events)
which constitutes an important piece of information that financial mar-
kets in the UK pay attention to. In recent years, the BOE has made an in-
creasing use of verbal communication channels to provide context to
the policy decision. Since August 2015 under Governor Carney, a press
conference is regularly held after those policy meetings when the
BOE's inflation report is published. Interest rate decisions are an-
nounced at 12:00 London time and the press briefing begins at 12:45.
Market commentary confirms that such “Super-Thursdays”—when the
policy decision is coupled with the publication of the inflation report
and the minutes—are particularly news-intensive and, hence, market
reactions are more pronounced.

3.1.6. BOJ

The BOJ contributes 447 events with unique time stamps in our sam-
ple, of which 203 are MPD statements. Like the other major central
banks, the BOJ takes policy decisions 8 times per year, down from 14
policy meetings per year prior to 2015. The MPD statements are re-
leased immediately after the meeting (yet not on a fixed time) and
have traditionally been fairly detailed. The BOJ has also regularly pub-
lished minutes (179 events). Since at least 2013, but less regularly, the
BO]J also holds press conferences at 15:30 Tokyo time. The timing of
the press conference in the afternoon means that trading is usually thin-
ner. Given measurement issues, we do not consider the 52 PC events in
our empirical analysis.

3.2. High-frequency data

We obtain high frequency data for equity and interest rate futures
from TickData. The coverage of maturities for interest rate futures differs
by country. For the US, we have Treasury bond futures with maturities
of 2, 5, 10 and 30 years as well as 3-month Eurodollar futures and S&P
500 E-mini futures. For the euro area, we obtain futures on German
bonds with maturities of 2, 5 and 10 years, as well as 3-month Euribor
futures, and DAX index futures for the stock market. The coverage of
bond maturities is scarcer for the UK and Japan. For the UK, we have
Sterling 3-month futures and Long Gilt futures for bonds and FTSE 100
index futures for stocks. For Japan, we use 10-year bond futures and
TOPIX equity futures. Table IA-1 in the Internet Appendix summarizes
the available data.

Bond futures are written on a hypothetical government bond paying
coupon. To convert futures returns into yield changes, we divide log fu-
tures price changes by the negative of duration. Duration data are ob-
tained from Bloomberg at the daily frequency using futures equivalent
duration based on the notional. While bonds underlying futures con-
tracts are not zero coupon, for simplicity, we label yield changes approx-
imated in this way by referencing the maturity of the underlying.

19 Internet Appendix Figure IA-5 shows the number of sentences contained in the FOMC
statements and ECB decision announcements and press conferences.

3.3. Controlling for variation in asset prices on non-event days

Our subsequent analysis exploits high-frequency variation in asset
price returns as well as realized variances and covariances around
events. It is therefore important to define the baseline relative to
which we measure the impact of those events. To control for the base-
line variation in asset prices, we construct stock returns and yield
changes as well as measures of realized variances and covariances on
days without central bank news. Those controls are always computed
for the same window length as the event window we study (which dif-
fers across event types). We avoid the dependence of the results on a
particular time of day by sampling controls three times per day at
10:00, 12:00 and 14:00 local time. This reflects the fact that central
bank announcements can occur at different times of the day. The control
group excludes all local cental bank announcements contained in our
event database. Using the US as an example, when we analyze the effect
of Fed communication, our controls exclude days with announcements
by the Fed but not by other central banks.!!

4. Asset price sensitivity to central bank communication: An
overview

A large literature studies how asset prices respond to central bank
announcements (see, e.g., Giirkaynak and Wright (2013) for a literature
overview). Before moving to the main empirical analysis, in this section,
we review the evidence for our sample of the main four central banks
showing that their communication induces significant responses of
stocks and yields. Specifically, we document how the strength of those
reactions differs by the type of communication and across the maturity
dimension of the yield curve.

Since our goal is to assess the sensitivity of asset prices to communi-
cation, we focus on changes in absolute (as opposed to signed) stock
returns and yield changes around events. For each central bank in our
sample, we estimate regressions of absolute stock returns or yield
changes on a dummy variable indicating a particular communication
type: monetary policy decisions, press conferences, minutes or inflation
reports. For monetary policy decisions, returns are computed from —15
to +15 min around the event. For press conferences, minutes and infla-
tion report releases, they are computed over a longer window, from
—15 to +90 min, given that these communications tend to be more ex-
tensive and contain broader information, and hence, they may take lon-
ger for investors to process.

Fig. 1 summarizes the main results (Internet Appendix A contains
the details). Bars in each plot show the incremental effect of communi-
cation events (in basis points) relative to the baseline variation in
asset prices absent central bank news, along with 95% robust confidence
intervals. The numbers superimposed on the bars report the increase in
absolute returns (or yield changes) around a given communication
event relative to other days (e.g., “2” means that average absolute
returns are 200% higher around, say, press conferences than their varia-
tion on non-announcement days).

4.1. Fed

For the Fed, both stock returns and yield changes become signifi-
cantly more volatile around Fed communication events compared to
other days (Panel A of Fig. 1). The response is the strongest around
MPDs, followed by PCs and then by minutes releases.!? Absolute stock
returns are 137% higher around MPDs and 97% higher around PCs

1 We have verified that excluding days with announcements by all central banks does
not significantly change the results.

2 However, we find that the importance of Fed minutes has increased over time. During
the effective zero lower bound (ELB) period, minutes releases have seen a market reaction
approximately twice as strong as that estimated over the whole sample. Therefore, we do
not omit minutes in our subsequent analysis.
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Fig. 1. Reactions of stocks and yields to central bank communication events. This figure summarizes the effect of monetary policy communication events on absolute stock market returns
and absolute yield changes (in basis points). Bars present slope coefficients from a regression of absolute stock returns (or absolute yield changes) on a constant and a dummy variable
indicating a type of communication. Those types are: monetary policy decisions (MPD), press conferences (PC), minutes releases (MIN) and, for the BOE, releases of inflation reports
(IR). The height of the bar measures the incremental effect (in bps) of communication events relative to the baseline variation in asset prices absent central bank news. Error bars
indicate 95% robust confidence intervals. The number superimposed on each bar reports the regression slope coefficient divided by the regression intercept. For example, a ratio of 2
means that absolute returns are 200% higher around an event relative to their baseline variation on other days (over a window of the same length as the event window). The event
window is from —15 to 4+15 min around MPDs and from —15 to +90 min around other events. The regressions for the Fed's PCs are estimated on a sample starting from 2011,
i.e, the year when PCs were first introduced. Detailed regression estimates are discussed in Internet Appendix A.

compared to non-event days. The effects for yield changes are smaller in
basis-point terms (yield changes normalize bond returns by duration).
That said, they are large compared to the baseline variation on non-
Fed days. Around MPDs (PCs), absolute yield changes are 438% (260%)
higher at the two-year maturity and 293% (160%) higher at the ten-
year maturity compared to non-event days. Across events of different
types, the yield curve displays a hump-shaped pattern along the matu-
rity dimension. This pattern is suggestive of the Fed announcements
containing news about the economy, rather than just monetary policy,
as we explore below.!?

13 This smaller sensitivity at the short end of the yield curve is partially due to the ELB
which constrained yields at shortest maturities for a significant part of our sample. How-
ever, estimating the regressions on a sample ending in 2007 (before the ELB) continues to
show a nonmonotonic pattern with the peak of the response located at the two-year
maturity.

4.2.ECB

The ECB's press conferences induce much larger asset price reactions
than actual decision statements (Panel B of Fig. 1). Absolute stock
returns are about 33% higher for the PCs, while absolute two- and ten-
year yield changes are 225% and 114% higher, respectively, than on
days without ECB news. Around MPDs, instead, volatility of stocks rela-
tive to other days is not statistically higher and represents just about
half of the reaction around the PCs. Bond volatility picks up significantly
around MPDs, with the effect most pronounced at the very short end of
the term structure. Here too, however, the response is just a fraction of
that observed for PCs. The yield curve response to PCs is hump-shaped,
with a peak around the two-year maturity.'*

4 While our sample spans the financial crisis period, these results echo the earlier find-
ings of Brand et al. (2010), confirmed more recently by the analysis of Leombroni et al.
(2017).
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Fig. 1 (continued).

4.3. BOE

For the BOE, the largest reaction (in basis-point terms) pertains to
the release of the inflation report (Panel C of Fig. 1). We observe a sim-
ilar rise in volatility around MPD announcements. Minutes releases fea-
ture statistically significant reactions, but similar to the Fed and the ECB,
the economic effect on asset prices is smaller.

4.4, BOJ

For the BOJ (Panel D of Fig. 1), we focus on MPD announcements and
minutes releases. Perhaps not surprisingly, due to persistently low rates
and subdued bond market volatility in Japan over our sample, reactions
of yields are just a fraction of a basis point, but they remain statistically
significant. More interestingly, absolute stock returns display large in-
creases around minutes releases.

In sum, both stocks and the yield curve experience meaningful in-
creases in volatility on central bank communication. The results

highlight significant differences across types of communication in
their impact on asset prices, and across the term structure.

5. Stock-yield comovement and the nature of central bank news

We now turn to our core analysis of monetary versus non-monetary
news, drawing on the comovement of stocks and yields around central
bank releases. Specifically, we introduce the notion of the term structure
of stocks-yield covariances, where “term structure” refers to the maturity
dimension of the yield curve. This dimension, in addition to the direction
of the comovement of yields with stocks, facilitates the identification of
economic shocks that drive the market reaction to news.

As a convention, throughout this article, we report results in terms of
the comovement between stock returns and bond yield changes, while
some authors report comovement between stock and bond returns.
Clearly, a positive sign for the covariance of stock returns with yields
changes implies a negative sign for covariance of stock returns with
bond returns. Using the yield convention is more convenient as it
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makes the term structure aspect of covariances explicit (as bond returns
scale up mechanically with the duration of the underlying bond).

5.1. Term structure of realized stock-yield covariances

Let T denote the time of a communication event,and 7~ =7 — h™
and 7" =7+ h™ the time before and after the event. Divide the interval

h™ + h™ into N subintervals of length A = “‘%”_ The realized covariance
of shocks around event 7 is computed as:

N
RCov(™ (7. 7.N) = 3~ Ay x i (5)
i=0

where Ay{Pia = yiPa — y8—1)a and 1 ia = pira — P (e—1)as
and p°® is the log stock market index. The use of high frequency data
to measure covariation of returns has been proposed by Barndorft-
Nielsen and Shephard (2004). We construct covariances by sum-
ming up the products of one-minute yield changes with one-
minute stock returns over an event window: from —15 min before
to +15 min after the monetary policy decision, and from —15 min
before to +90 min after other communication events (press confer-
ences, minutes releases, BOE's inflation report).!> We measure both
Ay{™) ia and 1 ;ain basis points, hence realized covariances are
expressed in the units of basis points squared.

We focus on the covariances, rather than correlations, as they allow
to compare covariances across the maturity dimension. The interpreta-
tion of correlations is complicated because yield volatilities are also dif-
ferentially affected by shocks to short-rate expectations and to risk
premia (Cieslak and Povala, 2016). Thus, scaling covariances by volatil-
ities would obliterate the effects of shocks across the term structure.

5.2. Non-monetary policy days and macro announcements

We begin by studying the stock-yield covariances on days without
monetary policy news and around key macroeconomic releases. This
evidence serves as a point of reference for our subsequent results on
the effects of central bank communication.

5.2.1. Non-monetary policy days

Fig. 2 presents the distributions of realized stock-yield covariances
on non-monetary policy days in the US, Germany, UK and Japan. Covari-
ances are computed over daily windows, excluding days with an-
nouncements by the respective local central bank. A large literature
documents that the comovement of stocks and yields switched sign in
the late 1990s from negative to positive (e.g., Andersen et al. (2007),
d'Addona and Kind (2006), among others). In line with those studies,
Fig. 2 shows positive average covariance across the four major currency
areas during our sample.

A new insight from Fig. 2 is that covariances generally increase with
maturity. Importantly, interpreted throughout our framework, this sug-
gests that on most days the stock-yield comovement stems from varia-
tion in risk premia. Indeed, Baele et al. (2010) find that while macro
fundamentals contribute little to explaining the stock-bond correla-
tions, other factors, especially liquidity proxies, play a more important
role. Connolly et al. (2005) relate that fact to the “flight-to-safety”
phenomenon.

5.2.2. Macroeconomic announcements

Ideally, we would like to study directly how stocks and yields
comove in response to news that drive investors' expectations about
economic activity. One complication is that such news is hard to find
as macro releases may also induce risk premium variation. However,

15 The robustness of our results to alternative choices of the window size is discussed in
the Internet Appendix B.

from a baseline New-Keynesian model it is known that, absent
confounding effects from risk premium variation, output shocks affect
short-to-intermediate yields more than long-term yields (see
e.g., Giirkaynak et al., 2005b). Thus, we expect such news to generate
positive comovement of stocks and yields that is more pronounced at
the shorter maturity range. We verify that stock-yield covariances
around key real activity announcements behave in a way consistent
with those predictions. We summarize the main results below and rel-
egate regression estimates to Internet Appendix C.

We characterize stock-yield comovement around the announce-
ments of unemployment, GDP growth rate and CPI inflation in the US.
The time stamps for the releases (typically 8:30 am New York time)
are from the Bloomberg economic calendar. To allow sufficient time
for the news to be reflected in prices after markets open, we construct
covariances for the (—15,+60) min window around the release time.
In terms of asset price sensitivity, the unemployment release raises vol-
atilities of stocks and yields significantly more compared to either the
CPI or GDP release and the effect is the strongest at intermediate yield
maturities (see Internet Appendix Table IA-4 and Fig. [A-4).

Fig. 3 plots the distribution of covariances for the three announce-
ments. Covariances are on average positive around the unemployment
release, and significantly larger in magnitude than for inflation and
GDP growth. Compared to non-event windows in our control sample,
unemployment announcements are associated with a statistically sig-
nificant increase in stock-yield covariance, which again is the largest
in the intermediate range of maturities. The positive and non-
monotonic term structure of covariances is consistent with the expected
effect of growth news laid out in our conceptual framework. Inflation
announcements lead to a small but statistically significant reduction in
stock-yield covariances, which is consistent with investors perceiving
inflation news as a signal about monetary policy. GDP announcements
increase covariances at intermediate maturities, but the difference com-
pared to non-announcement days is not statistically significant.'®

5.3. Selected central bank communication events

We first illustrate the behavior of stock-yield covariances around se-
lected central bank events and interpret these events through the lens
of our conceptual framework. Figs. 4 and 5 showcase the joint stock-
yield curve dynamics in response to specific ECB and Fed events.

The ECB events depicted in Fig. 4 are the press conference on Feb 7,
2008, the monetary policy decision and the press conference on Nov 3,
2011, and President Draghi's speech on July 26, 2012.

In the policy decision on Feb 7, 2008, the ECB decided to leave rates
unchanged, but in the press conference President Trichet expressed
concern about economic growth, saying: “Uncertainty about the pros-
pects for economic growth is unusually high and the risks surrounding
the outlook for economic activity have been confirmed to lie on the
downside.” As expected when growth is the key piece of news, the
term structure of covariances around the press conference is positive
with a peak at two-year maturity (Panel A of Fig. 4).

Nov 3, 2011 marks the first decision under the incoming President
Draghi when, in the first cut in two years, the ECB lowered its policy
rate by 25 bps. Stock markets rallied and short-term yields declined in
reaction to the news. Consistent with the conventional effect of mone-
tary news, the stock-yield covariances are negative with magnitude
that declines (in absolute value) in maturity (Panel B of Fig. 4). Impor-
tantly, however, during the press conference following the decision,
Draghi predicted that Europe is heading towards a recession, which re-
versed the initial reaction of asset prices. Accordingly, Panel C of Fig. 4
shows a dramatic change in stock-yield comovement during the press

16 We have conducted a similar analysis for the German macro announcements. In con-
trast to the results for the US, we found little evidence for increased sensitivity of asset
prices around releases for inflation, unemployment, factory orders and industrial produc-
tion. Therefore, we do not discuss the details of these results.
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Fig. 2. Term structure of stock-yield covariances on non-monetary policy days (daily window). The figure presents distribution of realized stock-yield covariances across available
maturities on non-monetary policy days. Realized covariances are constructed by summing up products of one-minute stock returns with yield changes each day, and are reported in
units of basis points squared. Mean covariances are marked with circles. Box borders indicate the upper and lower quartiles, the line within the box is the median. The whiskers
identify the largest and smallest adjacent values calculated as upper quartile +1.5xIQR (interquartile range) and lower quartile —1.5xIQR. Extreme values are not shown.

conference with realized covariances switching to positive and
strengthening with maturities. In our framework, a more pronounced
comovement at the long end of the yield curve suggests risk premium
shocks as the main channel.

The influential speech by President Draghi on July 26, 2012 directly
demonstrates how risk premium shocks affect the covariance term

structure. Notably, in that speech, Draghi directly referenced the “risk
aversion factor” and the importance of risk premia to monetary trans-
mission. His promise to do “whatever it takes” to save the Euro has
been viewed by many as a move to reduce risk premia on the sovereign
bonds in eurozone peripheral countries. In what was interpreted as a
shift towards a major “risk-on” episode, the ten-year German yield
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Fig. 3. Term structure of stock-yield covariances around US macro announcements ((—15, +60) min event window). The figure plots the distribution of the realized stock-yield
covariances around macroeconomic announcements. The time stamps of macroeconomic announcements are from Bloomberg and we use the following tickers: USURTOT Index for
unemployment rate (released together with non-farm payrolls); CPI CHNG Index for CPI inflation rate (other CPI indices are announced at the same time); GDP CQOQ Index for GDP
growth (advance announcement). Covariances are constructed over the (—15,4+60) min window around the release. The plot is based on 242 inflation releases, 238 unemployment
releases, and 81 GDP releases, over the period from October 1997 through December 2017. Box borders indicate the upper and lower quartiles, the line within the box is the median.
The whiskers identify the largest and smallest adjacent values calculated as upper quartile +1.5xIQR (interquartile range) and lower quartile —1.5xIQR. Extreme values are not shown.
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Fig. 4. Term structures of stock-yield covariances: selected ECB events. The figure presents the term structure of realized stock-yield covariances around selected ECB communication
events: press conference on Feb 7, 2008; monetary policy decision (rate cut) and press conference on Nov 3, 2011 (Draghi's first communications as the President of the ECB), and

Draghi's speech on July 26, 2012. Covariances are reported in units of basis points squared.

increased by nearly 8 bps as investors switched to risky assets (DAX fu-
tures gained more than 2.3%). By contrast, the short end of the yield
curve barely changed. As such, Panel D of Fig. 4 displays a positive and
increasing covariance term structure around that event, similar to that
in Panel C.

Turning to the Fed, Fig. 5 displays stock-yield covariances at FOMC
announcements on Jan 22, 2008, Dec 16, 2008, and Aug 9, 2011. Similar

A. MPD, 22Jan2008 (unsched.)

B. MPD, 16Dec2008

to the ECB, these events feature distinct patterns of stock-yield
comovement in response to the news.

In an unscheduled move on Jan 22, 2008, the Fed lowered the target
rate by 75 bps on concerns about economic growth. Short-rates went
down, but longer term yields rose as the stock market gained at the
news. This generated a negative comovement of stocks and yields at
the short end of the curve but a positive comovement at intermediate
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Fig. 5. Term structures of stock-yield covariances: selected Fed events. The figure presents the term structure of realized stock-yield covariances around Fed communication events:
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and long maturities (Panel A of Fig. 5), suggesting a combination of
monetary news with news about growth and/or risk premia.

On Dec 16, 2008, the Fed lowered the target rate further to the
0-25 bps range. The decision was coupled with forward guidance
about future policy suggesting “exceptionally low” rates for “some
time.” The announcement generated a negative comovement of
stocks and yields, most pronounced at the short end and declining
in strength across maturities. This pattern indicates that investors
deemed the news about monetary policy to be the main content of
the announcement, likely because the anticipation of economic
weakness was already impounded into market expectations at that
point.

Quite a different pattern is seen on Aug 9, 2011. The statement re-
vealed the Fed's negative assessment of growth—*(...) economic
growth so far this year has been considerably slower than the Commit-
tee had expected.” The downward revision in growth expectations was
combined with explicit forward guidance about exceptionally low rates
“at least thought mid-2013.” While the growth and forward guidance
elements are similar to the Dec 16, 2008 statement above, the covari-
ance is now positive and largest at the intermediate maturity

(Panel C). This pattern suggests that this time around the updating of
growth expectations drove the market reaction.

5.4. Properties of stock-yield comovement around communication events

We contrast properties of covariances on non-event days (discussed
above) with their properties around policy decision announcements,
and separately, around those communication events that provide back-
ground to policy decisions. Our results point to stark differences in co-
variance dynamics across types of communication and over time.

5.4.1. Monetary policy decisions

The release of monetary policy decisions diametrically changes the
properties of stock-yield comovement. We illustrate this fact for
the MPD announcements by the ECB and the Fed. Fig. 6 superimposes
the realized covariances for two event windows: (i) pre-event window
from 24 h to 15 min before an MPD announcement, and (ii) event win-
dow from 15 min before to 15 min after the announcement. The yield
maturity is five years.
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While covariances are generally positive in the pre-event window,
the MPD announcement pushes them significantly lower, and most of
the time, the sign switches to negative. This is the usual effect one
would expect to observe with a monetary policy shock, and it is partic-
ularly clear for the ECB. Indeed, due to their brevity, EBC decision an-
nouncements offer a good laboratory for isolating monetary policy
shocks as they are typically unconfounded by other information.

The stock-yield covariance reactions around the release of FOMC
statements are also negative most of the time. However, around 2008,
we observe a period when their sign switches to positive. This is espe-
cially visible at the unscheduled FOMC announcements. The more var-
ied results for the Fed align with a broader scope of information
conveyed in its policy decision statement.

In Table 2, we formally test the impact of MPDs on realized covari-
ances, where in addition to the Fed and the ECB, we also consider deci-
sion statements by the BOE and the BOJ. We estimate the following
regressions by yield maturity and by each central bank:

RCov!V = o™ + [5,(\’41;;[,17,1\/[13[) +el, (6)

To control for the baseline variation in covariances on non-monetary
policy days, we construct covariances over the window of the same
length as for the MPDs (i.e., —15, +15 min). The constant o™ captures
the average level of covariances on non-announcement days; its esti-
mates are consistently positive and increase in maturity, consistent
with Fig. 2.

MPD announcements push covariances significantly lower relative
to the baseline, with the effect generally stronger at short maturities.
The monotonic pattern of B{i}p coefficients is clear for the ECB. For the
Fed, the effect is hump-shaped, with the lowest 3{3 coefficient at the
five-year maturity. This non-monotonicity is related both to the effective
lower bound as well as a more complex information content of the FOMC
statements compared to ECB's announcements. Policy decisions of the
BOE and the BOJ also lead to a change in the sign of covariances, but the
magnitude of the effect is smaller than for the ECB and the Fed.!”

Overall, these results corroborate the significance of the standard
monetary policy channel as studied by Bernanke and Kuttner (2005),
Giirkaynak et al. (2005a), and by a large related literature. While this lit-
erature commonly relies on full-sample regressions of stock returns on
monetary policy shocks, and thus documents average effects, the
realized-covariance approach allows us take a conditional view and
trace the effects over time. This turns out to be important in analyzing
other communication events, which we discuss next.

5.4.2. Communication of the context of policy decisions

A novel set of insights follows from the analysis of those communi-
cation events whose aim is to provide the public with a context of policy
decisions. Among those, we study press conferences of the ECB, minutes
releases and press conferences of the Fed, minutes releases and inflation
report of the BOE, and minutes of the BO].

Fig. 7 plots the dynamics of stock-yield covariances around those
events. The most important message from the graph is that stock-
yield covariances switch sign in 2013—a consistent finding across the
ECB, the Fed and the BOE. To formally test for breaks in the average
level of covariances, we conduct the Bai and Perron (1998) test. The re-
sults of the test along with the identified break dates are provided in
Table 3. In line with Fig. 7, we identify breaks occurring in 2013 (in
June for the Fed, early July for the ECB and February for the BOE).

From early 2008 through 2013, the covariances are generally posi-
tive. The strongly positive comovement around the ECB's press confer-
ences in that period is particularly noteworthy, as press conferences
give almost immediate context to the actual policy decision. They are
also the most significant channel of the ECB's communication in terms

17 Figure IA-6 in the Internet Appendix characterizes the whole distribution of covari-
ances around MPD announcements and other communication events.

Table 2
Monetary policy decisions and stock-yield covariances.
A. Fed
3m 2y 5y 10y 30y
MPD Dummy —75.1%" —52.0"** —91.5" —70.0"* —56.2*
(—3.90) (—2.95) (—2.78) (=2.11) (—1.71)
Constant 2.20%** 6.27** 10.3*** 10.0"** 9.81***
(15.68) (23.31) (39.98) (47.71) (52.65)
B.ECB
3m 2y 5y 10y
MPD Dummy —44.6" —35.2%" —25.6% —13.6"
(—3.08) (—3.36) (—4.08) (—3.84)
Constant 0.85*** 3.40"* 497 519"
(10.84) (26.77) (37.52) (43.24)
C.BOE D. BOJ
3m 10y 10y
MPD Dummy —54.6* —17.2% MPD Dummy —4.43*
(—1.83) (=3.12) (—1.67)
Constant 0.31** 3.05% Constant 2.45%**
(4.45) (35.88) (30.88)

This table presents the regressions of realized covariances on monetary policy decision
dummy. The event window spans from —15 min before to +15 min after the announce-
ment. The sample of control covariances is constructed over the same window for days
without local monetary policy news, as discussed in Section 3.3. The covariances are re-
ported in units of basis points squared. Robust standard errors are reported in parentheses.
We exclude unscheduled monetary policy announcements from the regression.

of its asset price impact (Fig. 1). A similar behavior can be seen for com-
munications of other central banks as well. The positive sign suggests
that during the financial crisis and in the early phase of the recovery,
the market's perception of important news telegraphed by central
banks was not mainly about monetary policy. Instead, it was dominated
either by shocks to growth expectations or to risk premia.

In contrast, from the early summer of 2013, communication drives
stocks and yields in opposite directions.'® This shift in sign is directly
preceded by FOMC Chairman Bernanke's testimony on May 22, 2013.
In that testimony, Bernanke discussed the possibility of tapering asset
purchases against the backdrop of improving labor market conditions;
all the while, up to that point, asset purchases had been primarily linked
to forward guidance about future policy rates. The resulting confusion
among market participants about the central banks' reaction function
led to a significant pick up in volatility, an episode known as the
“taper tantrum” (e.g., Feroli et al., 2014). One interpretation is that
Bernanke's statement may have led market participants to turn away
their focus from watching economy-related news for signs of the future
direction of monetary policy.'®

We also study how the comovement of stocks and yields changed
across the entire term structure following the events of 2013. We find
that for announcements other than policy decisions by the Fed, ECB
and BOE, the entire average term structure of covariances changes

18 Although the formal test for the BOE finds the break in February 2013, the large neg-
ative covariance is registered around the minutes release on Jul 17, 2013. Interestingly, one
of the most pronounced negative covariance realizations post 2013 can be seen on Aug 4,
2016. This event deserves a separate note as it marks a change in the BOE's communication
as the first “Super Thursday.” It also follows in close proximity to the Brexit vote on Jun 23,
2016. The negative covariance suggests a significant monetary policy shock. The market
commentary highlights the unexpectedly large and diverse stimulus package by the Bank
of England which provided cheap funding for banks (e.g., https://www.wsj.com/articles/
bank-of-england-cuts-key-interest-rate-to-new-low-1470309155.)

19 In line with this interpretation, the WS]J later summarized the market situation:
“When the focus is on the discount rate used to value all assets, bond and stock prices rise
and fall together, creating the inverse relationship between bond yields and shares. (...)
Such a focus on monetary policy isn't healthy. It leaves markets more exposed to sudden
shocks, both from changes in policy and from an economy to which less attention is being
paid” (WS]J, Sep 6, 2016).


https://www.wsj.com/articles/bank-of-england-cuts-key-interest-rate-to-new-low-1470309155
https://www.wsj.com/articles/bank-of-england-cuts-key-interest-rate-to-new-low-1470309155
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Fig. 7. Realized stock-yield covariances around communication events. The figure presents the realized covariances of stocks and yields around central bank communication events. We
consider the following events: press conferences for the ECB, minutes' released and press conferences for the Fed, minutes' releases and inflation report releases for the BOE, and minutes
releases for the BOJ. Covariances are computed using a window from —15 to 4-90 min of the time-stamp of the event. Vertical lines mark the date of Bernanke's testimony (May 22, 2013),

the beginning of the so-called taper tantrum.

Table 3
Test for structural breaks in event covariances.

5.5. Classification of central bank news based on second moment dynamics

What is the relative importance of different types of news conveyed

é?li val Fed ECB BOE BOJ via central bank communication? We classify events on two dimensions
— —by volatility of yields across maturities and by comovement of yields
Cotr;‘;e‘“m““o“ PC&MIN PC MIN&IR — MIN with stocks. This leads to the following news classification matrix:
Maturities Avg 2,5,10,30y Avg 2,510y 10y 10y
Oor1 7.04 8.72* 54.62* 33.07* 428 Contral bani lassificati o
1or2 851 13.31* 7.54 420 entral bank news classincation matrix
2o0r3 9.41 11.51* Stock-yield cov>0 Stock-yield cov <0
Break dates 6Jan 2010 4]Jul 2013 20 Feb 2013 Var(ySer/Midy > (1,1) economic (1,2) monetary policy (conventional, via
19 Jun 2013 Var(y'°re) growth short-rate expectations)
8 Jul 2015 )
Var(ySher/Midy < (2,1) risk premia  (2,2) monetary policy (unconventional,

This table reports test results for multiple breaks in mean of realized covariances using the
sequential test of Bai and Perron (1998). The test is conducted over the sample from Jan 1,
2008 through Dec 31, 2017. The table provides robust F-statistics and 10% critical values.
We allow error distributions to differ across breaks. The set of communication events
used in estimation is reported in each column header. For brevity, for the Fed and the
ECB we only report results for average covariances across maturities.

sign from positive pre-2013 to negative post-2013. Additionally, com-
pared to the post-2013 sample, the period from 2008 to 2012 is charac-
terized by a larger dispersion in realized covariances, suggesting
significant heterogeneity of the news telegraphed by the central banks
(see Internet Appendix Fig. IA-7).

Var(y"¢) (risk on/off) via long rates/risk premia)

Specifically, we assign events into categories based on whether
(i) yields comove positively or negatively with stocks, and (ii) short/
intermediate-maturity yields vary more or less than long yields. While
an announcement can in principle convey several types of news, it is im-
portant to acknowledge that the above classification can only identify
the dominant piece of news.

Quadrants (1,1), (1,2) and (2,1) of the above matrix label shocks ac-
cording to their properties laid out in Section 2.2 Quadrant (2,2), with
the “unconventional” monetary policy category, falls outside of the
types of shocks we have discussed so far—it characterizes events that
move stocks and yields in opposite directions (like a monetary policy
shock), but generate more volatility at long maturities (like a risk



A. Cieslak, A. Schrimpf / Journal of International Economics 118 (2019) 293-315 307

Panel A. Fed
=)
80 g 400
g =
z 2 200
£
% § 0- ..— -—
g £
= g —200
g 3
= § —400-
p=
MPD MIN/PC OTHER MPD MIN/PC OTHER
Panel B. ECB
=
g 100
—~_~ <
s 2,
@ - 50
8 £
: PR
:
=) =
e S -50
g 3
S8 =}
§ —100-
p=
MPD PC OTHER MPD PC OTHER

B (1,1) Growth [ (1,2) MP (rate expect)

I (2,1) Risk premia

(2,2) MP (long—end)

Fig. 8. Classification of central bank communication events. The figure accompanies the results reported in Table 4, and displays frequencies of events and mean covariance by news type.

premium shock). Such dynamics could arise when the central bank di-
rectly affects the long-end of the yield curve, for example, via purchases
of long-term bonds.?° We discuss examples of such shocks below, and
more extensively in Section 6.

We implement this classification for the Fed and the ECB for which
we have sufficient coverage of yield maturities. Before the ELB period,
we categorize events based on variances at the two- and ten-year
yield maturity and the two-year yield-stock covariance. After the ELB
is reached (from Jan 1, 2009 for the Fed and from Jul 1, 2012 for the
ECB) through the end of our sample, we replace the two-year maturity
with the five-year maturity.?! Similar to the realized covariances in
eq. (5), realized variances around events are constructed by summing
up the squared one-minute yield changes over a given window.

For the Fed, we separately consider scheduled FOMC announce-
ments, and we combine minutes releases and press conferences into
one group.?? For the ECB, we distinguish between policy decisions and
press conferences. The remaining events in our database are grouped
as “other.”

20 Using an event study, Gagnon et al. (2011) attribute the yield reaction to initial rounds
of QE by the Fed to compression in the term premium. Based on yield curve decomposi-
tions, Christensen and Rudebusch (2012) assign a larger role to short-rate expectations
as drivers of the long-term yield response for the US, but an important effect on term
premia in case of the BOE's QE program.

21 The Fed lowered the federal funds target rate to a range between 0 and 25 bps on Dec
16, 2008. The ECB decreased its deposit facility rate to zero in July 2012; we follow Lemke
and Vladu (2017) in treating this as the moment when the euro area reached the ELB.

22 There are only 28 press conferences in our sample. We combine them with the mi-
nutes releases, as both show similar dynamics of covariances (see Figure 7).

For an easy comparison between the Fed and the ECB and across
types of communication, Fig. 8 shows event frequencies and mean
covariances by quadrants of our classification matrix. Table 4 provides
detailed results. In column (1) and (2), we report the number and fre-
quencies of events falling into each quadrant. To assess the economic
and statistical significance of each news category, columns (3) though
(6) display medians and means of stock-yield covariances by quadrant
along with corresponding t-statistics.

Several parallels between the Fed and the ECB are worth highlight-
ing. We first focus on monetary policy decisions. Conventional mone-
tary shocks (quadrant (1,2)) account for most of the market reaction
for more than half of MPD announcements. These shocks are also the
most significant channel, economically and statistically, when gauged
by the average stock-yield covariance. Growth news (quadrant (1,1))
ranks second both by frequency and economic importance, and ac-
counts for about a third of MPD announcements. For the ECB, the con-
ventional monetary channel is by a wide margin the most important
one in terms of economic significance. For example, the impact of
growth news on the average stock-yield covariance is about 9.8% (=
8.13/82.5) of that of conventional monetary news; an analogous num-
ber for the Fed is 68% (=98.7/144.7). A comparison of medians and
means in columns (3) and (5) suggests that monetary news by the
ECB generates a large negative tail in realized covariances, with few
events having a dramatic impact (see also Fig. 6).

The second observation is that the importance of conventional mon-
etary news declines significantly in communications other than MPDs
such as press conferences and minutes. Growth news dominates in
more than 50% of those cases, while conventional monetary shocks rep-
resent only about 30%. This finding is particularly relevant for the ECB,
where the economic importance of PCs has been large relative to the
MPDs.
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Table 4
Classification of central bank communication events.
(1) (2) (3) (4) (5) (6)
A. Fed
News type No. events Fraction(%) Median Cov t-Median Mean Cov t-Mean
Al. Monetary policy decisions (scheduled only), window (—15,+15) min
(1,1) Growth 53 325 46.18*** (3.46) 98.72%** (4.69)
(1,2) MP (rate expect) 86 52.8 —51.88*** (—5.18) —144.7% (—=5.11)
(2,1) Risk preferences 11 6.7 4,06 (0.15) 29.01* (1.87)
(2,2) MP (long-end) 13 8.0 —11.74 (—0.20) —427.63 (—1.19)
A2. Minutes and press conferences, window (—15,+90) min
(1,1) Growth 84 51.5 21.26** (5.74) 53.15*** (3.98)
(1,2) MP (rate expect) 50 30.7 —17.25*** (=3.1) —31.58*** (—6.20)
(2,1) Risk preferences 25 153 11.63** (2.48) 18.07*** (5.40)
(2,2) MP (long-end) 4 2.5 —8.82** (—2.82) —6.07* (—2.42)
A3. Other events, window (—15,+90) min
(1,1) Growth 23 65.7 120.78 (1.6) 278.35*** (3.23)
(1,2) MP (rate expect) 3 8.6 —60.14 (—1.57) —55.97 (—1.80)
(2,1) Risk preferences 5 14.3 40.81 (0.42) 130.74 (1.81)
(2,2) MP (long-end) 4 114 —86.96 (—1.93) —87.96 (—1.98)
B. ECB
News type No. events Fraction(%) Median Cov t-Median Mean Cov t-Mean
B1. Monetary policy decisions, window (—15,+15) min
(1,1) Growth 90 359 3.07** (3.94) 8.13/* (5.61)
(1,2) MP (rate expect) 131 52.2 —5.33%* (—4.01) —82.46M** (—3.43)
(2,1) Risk premia 20 8.0 3.04 (1.08) 6.127* (3.61)
(2,2) MP (long-end) 10 4.0 —10.7*** (—3.17) —28.52 (—1.46)
B2. Press conferences, window (—15,+90) min
(1,1) Growth 118 54.1 39.9%* (7.04) 54.68*** (10.03)
(1,2) MP (rate expect) 66 303 —22.94*** (—4.65) —42.28"** (—6.02)
(2,1) Risk premia 20 9.2 39.52* (1.76) 78.44** (2.83)
(2,2) MP (long-end) 14 6.4 —36.20** (—2.87) —47.11* (—2.45)
B3. Other events, window (—15,+90) min

(1,1) Growth 85 59.9 19.62*** (3.02) 75.19%* (4.93)
(1,2) MP (rate expect) 23 16.2 —4.00%* (—2.42) —6.07*"* (—5.05)
(2,1) Risk premia 27 19.0 13.03 (0.52) 81.09"** (2.90)
(2,2) MP (long-end) 7 49 —6.23 (—0.51) —14.75"* (—1.92)

This table provides the classification on Fed's and ECB's announcements. Row labels (1,1) though (2,2) indicate the quadrants of the classification matrix described in Section 5.5. For the
Fed, in Panel A, we classify the news content at scheduled monetary policy decision announcements, minutes releases and press conferences (considered jointly), and all other events in
our database (including unscheduled FOMC announcements). For the ECB, in Panel B, we conduct the analysis on monetary policy decisions, press conferences, and all other events in our
database (including speeches). Columns (1) and (2) report the number and the fraction (in percent) of events falling into news-type quadrant, by communication type. Column (3) reports
the median covariance within each news-type quadrant, column (4) reports the t-statistics for the median, which is obtained from a quantile regression of realized covariance on a con-
stant (with fewer than 10 observations within a category, standard errors are computed with bootstrap). Column (5) reports the mean covariance within each news-type quadrant, and
column (6) provides robust t-statistics for the mean. Covariances are reported in units of basis points squared.

Finally, the other two news categories—risk premium shocks
(quadrant (2,1)) and unconventional monetary shocks (quadrant
(2,2))—are less common, each constituting less than 20% of events
across different event types. Although infrequent, these shocks
can have strong effects on asset prices. For example, for the Fed,
the large negative covariance in the unconventional policy quad-
rant (2,2)—visible in the top right panel of Fig. 8—stems from
the March 18, 2009 QE announcement.?® The economic magnitude
of the risk premium channel is especially pronounced for the
ECB's press conferences (bottom right panel of Fig. 8), where it ac-
counts for some of the biggest movements in covariances during
the past decade.

To summarize, the conventional monetary news is the most signif-
icant channel both economically and statistically for MPD announce-
ments. However, non-monetary news—growth and risk premium
shocks—is the key component of those communications that provide
context to policy decisions, press conferences being a primary
example.

23 On this day, the Fed announced purchases of $300bn in Treasuries, $750bn of agency
MBS, increase holdings of agency debt to $200bn. On the announcement, S&P500 futures
gained more than 175 bps, yields two-year bond futures dropped by 8 bps and on 30-year
bond futures by more than 40 bps. In support of the announcement strongly affecting yield
risk premia, Cieslak and Povala (2016) show that the term premium volatility in US Trea-
suries reached its 18-year peak in the week of this announcement, moving long yields sig-
nificantly more than short and intermediate yields.

6. Stock-yield comovement and unconventional monetary policy

We next use the comovement of stocks and yields to discriminate be-
tween the types of news conveyed via different unconventional mone-
tary policies (UMP). Our classification of events builds on a large
literature,2* which we extend to include the latest announcements re-
lated to policy normalization. We rely on a granular distinction by official
policy programs or well-known policy phases. We also account for
whether a specific announcement contained explicit forward guidance
(FG) on the path of policy rates. We do not include communication that
just restated the objectives of a specific program or left the parameters
of forward guidance unaltered. For brevity, we refer to the various policies
using the common abbreviations of program names. These abbreviations
are explained in the corresponding tables. Details of the design and goals
of the interventions are discussed in Internet Appendix D.

We estimate regressions of stock-yield covariances on dummy vari-
ables for a given UMP program or phase, controlling for covariances on
non-monetary policy days. Covariances are measured from —15 min
before to +90 min after each event.

24 See, e.g., Fratzscher et al. (2016), Krishnamurthy et al. (2017) for an analysis of the
ECB's UMPs, and Fratzscher et al. (2018), Hattori et al. (2016), Krishnamurthy and
Vissing-Jorgensen (2013), for recent studies for the Fed, among others. A survey of the lit-
erature on the effects of unconventional policies by the Fed is provided by Bhattarai and
Neely (2016), while Borio and Zabai (2016) also cover studies on the UMPs of other major
central banks. Bauer and Neely (2014) study the international transmission of Fed policies,
while Rogers et al. (2014) study the effect of UMPs by the main four central banks.
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6.1. Fed

Table 5 presents results for the Fed. Consistent with the literature
that emphasizes significant asset price responses to the early QE an-
nouncements, the largest changes in covariances can be observed for
QE1. On average, QE1 sent stocks and yields in opposite directions, in
line with those announcements triggering significant monetary shocks.
Importantly, however, the most pronounced negative comovement oc-
curred at those QE1 events which simultaneously contained forward
guidance (Dec 16, 2008 and Mar 18, 2009). QE1 announcements with-
out forward guidance actually moved stocks and yields in the same di-
rection, most so at the intermediate maturity, suggestive of an
important growth news component.

The effect of other policy packages is generally more muted. This is
perhaps not surprising as—in contrast to the large surprises associated
with QE1—by the time QE2 and QE3 were announced, the markets
may have better understood the Fed's reaction function and anticipated
that further accommodation is needed. However, the MEP announce-
ment shifted stock-yield covariances higher at the long-end, indicating
that non-monetary policy content dominated the news.?

Table 5 further shows that starting from 2013, announcements
pertaining to the Fed's exit from policy accommodation and to the
wind-down of its balance sheet drove the stock-yield covariances into
negative territory. The break in stock-yield comovement around 2013
suggests that monetary shocks regained importance at the prospect of
the monetary stimulus being removed.

6.2. ECB

Table 6 reports estimates for the ECB. Unlike conventional policies,
which work primarily through the short-end of the yield curve, the re-
sults in Table 6 suggest that the ECB's unconventional policies operated
mostly by affecting longer-term yields. Hence, we observe a stronger re-
action of the longer-end of the stock-yield covariance term structure. In-
deed, the comovement of stocks with the short-end of the curve (three-
month maturity) was largely insignificant over the period of ECB's
UMPs, including the period before the ELB. The picture looks different
for maturities of two-years and beyond. As in the case of the Fed, non-
monetary news dominated during the earlier phases of unconventional
policies. This is the case for announcements related to the provision of
US dollar liquidity, the early phases of LTROs, ECB purchases of periph-
eral country debt under the SMP, and later LTRO announcements. Sim-
ilar to the Fed, however, announcements that contained explicit
forward guidance induced negative covariances of stocks and yields.

The results also suggest that the market reaction to the OMT pro-
gram—to some degree foreshadowed by President Draghi's “whatever
it takes” speech—was not about monetary policy news per se. Instead,
the upward sloping term-structure of covariances suggests a shock to
risk premia as the primary driver of the asset price response (see also
Fig. 4). Following the OMT-related announcements, the flight-to-
safety to German government bonds subsided while stocks and other
risk assets gained. Policies unveiled by the ECB after the euro area sov-
ereign debt crisis abated, e.g., its asset purchase programs (PSPP and
later CSPP), show a response consistent with monetary policy shocks
as main drivers of asset price responses.

Results for the BOE and BOJ are presented in Table 7. Due to data lim-
itations for futures contracts, we can investigate at most two points on
the stock-yield covariance term structure.

6.3. BOE

Several similarities between the BOE and the Fed and ECB are worth
noting. Just like in the case of the Fed and the ECB, non-monetary shocks

25 The first MEP-related announcement happened on Aug 9, 2011, and covariances
around that event are depicted in Figure 5 and discussed in Section 5.3.

Table 5
Effect of Fed's unconventional policy measures on joint dynamics of stocks and the yield
curve.

A. Summary of UMP events

No.annc.  First obs. Last obs.
Phases:
QE1 (quantitative easing phase 1) 5 25 Nov 2008 18 Mar 2009
Exit (early) 3 12 Aug 2009 04 Nov 2009
QE2 (quantitative easing phase 2) 5 10 Aug 2010 03 Nov 2010
MEP (maturity extension program) 4 26 Aug 2011 01 Aug 2012
QE3 (quantitative easing phase 3) 5 31 Aug 2012 30 Oct 2013
Tapering of asset purchases 2 22 May 2013 19 Jun 2013
Exit (late) 9 18 Dec 2013 29 Oct 2014
Balance sheet wind-down 3 26 Jul 2017 01 Nov 2017
Events with forward guidance (FG) 9 16 Dec 2008 18 Mar 2015
B. Regression analysis of realized stock-yield covariances
3m 2y 5y 10y 30y
QE1 155.0"* 251.6"* 415.1%* 315.8"** 282.5"*
(2.33) (3.36) (8.27) (6.51) (4.95)
QE1 x FG —1098.0"** —1168.7*** —3041.8"* —2898.7* —2753.4*
(—10.54) (—14.52) (—2.03) (—1.78) (—1.72)
Exit (early) 38.0" 389 829 56.6 79.3
(1.72) (0.95) (1.47) (1.25) (1.64)
QE2 —2.40 —335 —77.7 —46.6 —20.1
(—0.13) (—0.96) (—0.82) (—0.59) (—0.29)
QE3 —4.57 —175.7 —409.1 —350.4 —2443
(—1.11) (—1.36) (—1.37) (—1.38) (—1.41)
QE3 x FG 3.62 199.8 440.0 387.0 343.7*
(0.85) (1.50) (1.46) (1.50) (1.83)
MEP —36.8" —4.95 129.4 171.8* 240.9***
(—1.81) (—0.11) (1.01) (1.93) (2.73)
Taper —5.14 —66.7" —146.8""*  —149.2"* —121.5""
(—1.64) (—4.36) (—3.74) (—5.13) (—3.85)
Exit (late) —6.45"* —22.2% —35.9 —30.2 —29.4
(—3.15) (—1.69) (—1.31) (—1.29) (—1.48)
Exit (late) x FG —23.2 —116.1**  —305.2"* —246.2" —180.7*
(—1.48) (—8.82) (—3.86) (—2.25) (—1.91)
BS winddown — —13.6"** —26.9"* —39.6"*  —42.0"*  —359%*
(=7.39) (—3.53) (—12.62) (—27.75) (—24.36)
Constant 527" 26.4*** 39.7%* 37.2%* 36.8"**
(8.35) (22.09) (32.52) (35.43) (40.58)
R? 0.083 0.027 0.15 0.17 0.20

Panel A reports the number of unconventional monetary policy (UMP) events, bro-
ken down by major policy programs or policy phases. The individual programs are
described in Online Appendix D. We indicate the first and last observation of key
announcements related to each program or policy phase. The subset of UMP
events that contained a novel forward guidance element is denoted by FG. Note
that summing the number of events over policy programs does not necessarily
yield the total number of UMP events, as in some cases the same event may
have contained news about more than one policy program. Panel B presents the
regressions of realized stock-yield covariances on dummy variables for each pro-
gram, and interactions of program dummies with a dummy for whether the an-
nouncement had a forward guidance component. Robust standard errors are in
parentheses. Covariances are measured over the (—15, +90) min window and
are reported in units of basis points squared. The regressions are estimated over
the sample from 2008 through 2017, controlling for covariances on non-Fed an-
nouncement days.

dominate the financial market transmission in the early phases of the
BOE's unconventional policies, although the statistical significance is
weaker than in the previous cases. Likewise, the negative covariance
in response to forward guidance is in line with a monetary policy
shock as the underlying driver. The most significant and negative co-
variance pertains to the announcements related to APF4, which aimed
to provide stimulus in the aftermath of the Brexit referendum. As
such, the response undertaken by the BOE worked as a powerful mone-
tary policy shock.

64.BOJ

The estimates for the BOJ suggest that the QE measures—including
those conducted already prior to the financial crisis—were consistent
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Table 6
Effect of ECB's unconventional policy measures on joint dynamics of stocks and the yield
curve.

Table 7
Effect of unconventional policy measures on joint dynamics of stocks and the yield curve:
BOE and BOJ.

A. Summary of UMP events

A. Summary of UMP events

No. annc.  First obs. Last obs.
Phases:
LTRO1 (long-term refin. oper. phase 1) 12 22 Aug 2007 17 Nov 2008
USD liquidity (swap lines with the Fed) 22 12 Dec 2007 24 ]Jan 2014

LTRO2 (long-term refin. oper. phase 2) 9 07 May 2009 06 Oct 2011
CBPP (covered bond purchases) 8 07 May 2009 02 Oct 2014
SMP (securities market program) 5 09 May 2010 06 Oct 2011
LTRO3 (long-term refin. oper. phase 3) 4 01 Dec2011 28 Feb 2012
OMT (outright monetary transactions) 4 26 Jul2012 30 Nov 2012
PSPP (public sector debt purchase) 16 06 Nov 2014 26 Oct 2017
LTRO4 (long-term refin. oper. phase 4) 6 05]Jun 2014 10 Mar 2016
CSPP (corporate sector bond purchases) 6 10 Mar 2016 26 Oct 2017
Events with forward guidance (FG) 9 04 Jul 2013 21 Jul 2016
B. Regression analysis of realized stock-yield covariances
3m 2y 5y 10y
LTRO1 12.5 55.4 55.1 345
(1.00) (1.64) (1.53) (1.32)
USD liquidity 6.47 155.6"* 142.6"** 117.5%
(0.39) (3.30) (2.96) (2.88)
LTRO2 —11.2 —3.77 13.2 12.9
(—0.51) (—0.11) (0.29) (0.34)
CBPP 229 29.4 419 48.7
(0.63) (0.80) (0.92) (1.29)
SMP —26.6 104.4 194.7* 164.3*
(—0.94) (1.36) (1.86) (1.88)
LTRO3 —27.2 43.1** 122.4** 214.3**
(—1.26) (2.01) (3.30) (2.56)
OMT 1.78 55.0"* 183.5™ 227.0"*
(0.72) (2.27) (2.32) (2.71)
PSPP —16.5* —38.2%* —47.2%F —57.7*
(—1.69) (—2.32) (—1.96) (—1.70)
LTRO4 —11.0 —7.43 —18.7 —253
(—0.38) (—0.57) (—0.63) (—0.60)
CSPP 23.0 4.30 —61.5"" —66.6"
(1.45) (0.29) (—2.18) (=1.77)
FG —8.74 —34.9* —57.7* —35.7
(—0.56) (—2.11) (—1.83) (—1.17)
Constant 227 16.4™* 24.6%** 26.4***
(4.45) (27.37) (36.38) (41.67)
R? 0.0012 0.032 0.042 0.047

The table summarizes results for UMP by the ECB. The regressions are estimated over the
sample from 2007 though 2017. At times, we flag the same UMP event both at the MPD
statement and at the PC. The reason is that we cannot rule out that UMP statements
were released on ECB's web site simultaneously to the MPD announcements. There are a
few of these cases especially since 2015. See caption to Table 5 for further details.

with monetary policy shocks, driving stocks and yields in opposite di-
rections. By contrast, the reaction to the announcement of yield curve
control indicates a role for non-monetary news, albeit the economic im-
portance of this announcement is smaller than that of other QE mea-
sures. One caveat is that over a large part of our sample, Japanese
bond yields were affected by the ELB (even for fairly long maturities).
As such, both volatility and turnover in the market were subdued, in
turn dampening asset price reactions to BOJ's news.

7. Decomposing asset price responses to central bank
communication

Section 2 links reduced-form shocks in yields and equities to
shocks that have a structural interpretation. A natural question of in-
terest is which fraction of variation in stock returns and yield changes
around communication events stems from each structural shock. To
cast light on this question, we rotate reduced-form shocks into mone-
tary policy, growth and risk premium shocks that are consistent with
the effects laid out in Section 2. Our identification exploits both the
comovement of stocks and yields via sign restrictions as well as

No. First obs. Last obs.
events
BOE
Phases:
USD liquidity (swap lines with the Fed) 17 02 May 2008 17 Jun 2014
APF1 (asset purchase facility phase 1) 12 19Jan 2009 04 Feb 2010
APF2 (asset purchase facility phase 2) 5 06 Oct 2011 29 Feb 2012
APF3 (asset purchase facility phase 3) 4 05 Jul 2012 26 Feb 2013
APF4 (asset purchase facility phase 4) 1 04 Aug 2016 04 Aug 2016
Events with forward guidance (FG) 8 04 Jul 2013 16 Sept 2015
BOJ
Phases:
USD liquidity (swap lines with the Fed) 14 18 Sep 2008 29 Jul 2016
QEP (quantitative easing phase 1) 3 10 0ct 2003 09 Mar 2006
Stocks / REITS 6 16 Sep 2003 29 Jul 2016
QEAPP (quantitative easing phase 2) 18 19 Dec 2008 22 Jan 2013
QQE (quantitative and qualitative easing) 3 04 Apr2013 19 Nov 2015
QQE with negative rates 2 29Jan 2016  29]ul 2016
QQE with yield curve control 1 21Sep 2016 21 Sep 2016
B. Regression analysis of realized stock-yield covariances
BOE
3m 10y
USD liquidity —16.7 74.1*
(—0.82) (1.86)
APF1 —247 —0.50
(—0.19) (—0.04)
APF2 14.7* —48.6
(1.65) (—0.86)
APF3 29.0 8.16
(1.25) (0.48)
APF4 —99.5%* —310.5***
(—98.10) (—556.97)
FG —4.13 —28.2%**
(—1.64) (—2.92)
Constant 0.087 204"
(0.09) (36.66)
R? 0.00 0.013
BOJ
10y
USD liquidity 11.5
(1.51)
QEP —10.0**
(—2.38)
Stocks/REITS 334
(1.58)
QEAPP —16.9
(—1.19)
QQE —98.4**
(—13.13)
QQE with negative rates —152.3*
(—1.71)
QQE with yield curve control 28.3%*
(164.40)
Constant 5.64"**
(32.73)
R? 0.046

The table summarizes results for UMP by the BOE and BOJ. The regressions are estimated
over the sample from 2008 though 2017 for the BOE and from 2003 though 2017 for the
BOJ. See caption to Table 5 for further details.

differential effects of shocks across the maturity dimension of the
yield curve.?® The results in this section both complement and

26 Matheson and Stavrev (2014) and Jarocinski and Karadi (2018) also use sign restric-
tions to distinguish growth and monetary policy news. These studies use one point on
the yield curve. By including the maturity dimension across the term structure, we are able
to take a stance on how shocks propagate across maturities, and on the relative impor-
tance of risk premium shocks.
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corroborate the news classification based on the term structure of re-
alized covariances discussed so far.

7.1. Sign and monotonicity restrictions

Denote structural shocks as & = (&, ¢7',€})’, and reduced-form

shocks as u; = (72,3, ff)/. Reduced-form shocks u, contain changes

in a two- and ten-year yield and stock returns within a narrow window
around announcements. We use three reduced-form shocks to identify
three structural shocks by:

U =A""g, (7)

where A~ is the matrix of contemporaneous dependencies of asset
prices with Var(u;) = 3, and Var(g;) = I5.3 with I denoting an identity
matrix. To identify the structural shocks, we require that A~ fulfills sign
restrictions given by:

a2g aom aZp
d1og  Aiom QAiop
Usg  Asm  Qgp

ATl = ®)

|+ +
|

+
=+
+

These restrictions capture the following effects: (i) a positive growth
shock & increases stock prices and yields (first column of A~1); (ii) a
positive monetary policy shock &' increases yields and lowers stock
prices (second column of A™1); (iii) a positive risk premium shock & re-
duces stock prices and depresses yields making bonds more valuable
(third column of A~ ). Notice that the sign restrictions in (8) do not
allow to distinguish between growth and risk premium shocks, as
both move stocks and yields in the same direction. To separate these
shocks, we additionally exploit the maturity dimension of the yield
curve. In particular, we impose monotonicity restrictions across the
yield curve as follows:

|ayp| < |app| 2yyield responds less than 10y yield toef shock
|ay | > |aiwg| 2yyield responds more than10yyield to&f shock
|aym | > |ayp| 2yyield responds tog]” more than toef shock
|@iom | < |aiop| 10yyield responds toe]" less than toe} shock

The first two conditions reflect the notion from Section 2.1 that risk
premium (growth) shocks affect long-term yields more (less) than
short-term yields. Empirically, we find that the first restriction is crucial
for separating growth and risk premium shocks, while imposing the
other restrictions only marginally changes the results.

We implement this approach following the algorithm of Rubio-
Ramirez et al. (2010) (see also Kilian and Liitkepohl (2017)). Here, we
summarize the main findings, while Appendix E presents the imple-
mentation details.?” Since the algorithm relies on a simulation of a
large number of matrices that satisfy the restrictions leading to a set
identification as opposed to a point identification, we report averages
of the quantities of interest across simulations.

7.2. Results

We use the above approach to analyze the news content of sched-
uled FOMC announcements and ECB press conferences. These events
are our focus because they represent the key communication channels
as measured by their market impact (see Fig. 1). We decompose shocks
to yields and stock returns accruing around those communication
events into the respective contributions of economic shocks. We

27 Starting with a Cholesky decomposition of the covariance matrix of reduced-form
shocks, Var(u;) = PP', u, = P&™"®, the idea is to select a rotation matrix Q (Q'Q = QQ’
= I) such that PQ’ satisfies the restrictions above. Then, & = Qe represents the candidate
structural shocks (as u, = PQ'Qg;). We simulate of a large number of candidate Q matrices
and store those that satisfy the restrictions. The results are obtained by averaging across
2000 simulations.

Table 8
Variance decompositions of yield changes and stock returns around communication
events.

Growth Monetary policy Risk premia
A. Fed: scheduled monetary policy decision announcements
2y yield changes 0.49 043 0.09
(2.79) (2.51) (1.21)
10y yield changes 0.08 0.35 0.58
(0.89) (4.37) (6.14)
stock returns 0.11 0.87 0.03
(0.85) (7.28) (0.90)
B. ECB: press conferences
2y yield changes 0.50 0.42 0.09
(1.83) (1.65) (1.02)
10y yield changes 0.12 0.25 0.63
(0.96) (1.96) (4.45)
stock returns 0.30 0.59 0.10
(1.11) (2.55) (0.92)

The table presents variance decompositions of shocks to two- and ten-year yield and to
stock returns around scheduled FOMC decision announcements (window —15 to +15 mi-
nutes) and ECB press conferences (window —15 to +90 min). The numbers in each row
report the variance ratio, i.e., the fraction of variance of yield changes (stock returns) ex-
plained by each structural shock. The decomposition is obtained by imposing sign and
monotonicity restrictions. The results are based on 2000 simulations of rotation matrices
that satisfy the restrictions. We report the average variance ratios across simulations.
The numbers in parentheses are obtained by diving the average variance ratio by its stan-
dard deviation across simulations.

present both unconditional variance decompositions (variance ratios)
as well as historical decompositions, in which we split each reduced-
form shock into structural components over time.

Table 8 presents the variance ratios. The estimates for the Fed and
the ECB are broadly consistent with each other. The most important
sources of variation are growth shocks for the two-year yield, risk pre-
mium shocks for the ten-year yield, and monetary policy shocks for eq-
uity returns. It is interesting to note that the variance of equity returns
around announcements is mostly driven by the monetary policy news
component, and most visibly so for the FOMC announcements. This is
consistent with the narrative that emphasizes the role of monetary pol-
icy for supporting the stock market recovery in the aftermath of the fi-
nancial crisis.

Fig. 9 provides a visual illustration of how different shocks contribute
to the variation in yields and stocks around the same set of announce-
ments. Specifically, we plot cumulative historical decompositions of
yields and stock returns around announcements. Stock returns and
yield changes are demeaned, and therefore the results should be
interpreted in terms of deviations from the means. One can see that
since the financial crisis, monetary policy news at the scheduled FOMC
announcements have exerted downward pressure on yields and an up-
ward pressure on stocks. Growth shocks, in contrast, have impacted
short-term rates negatively in the early parts of the financial crises, but
since around 2013 have contributed to their increase. For the ECB, mon-
etary policy shocks explain a smaller portion of variation in stock returns
compared to the FOMC announcements. However, at least since 2012
those shocks have generally contributed positively to stock valuations.

These results cast new light on the discussion in the literature as
to whether central bank announcements can affect risk premia, as ar-
gued by Hanson and Stein (2015), or short-rate expectations (over rel-
atively long horizons), as argued by Nakamura and Steinsson (2018).
The answer is that both channels are present and their importance
changes with the yield maturity. An additional implication of these re-
sults pertains to the interpretation of the path shocks in the literature
following Giirkaynak et al. (2005a). Typically, path shocks are obtained
by studying responses of yields with short to intermediate maturities.
For example, maturities between two to three years are commonly con-
sidered to reflect the variation in market expectations of the future
short rate (i.e., the path of monetary policy over the course of several
quarters). Our decomposition of the two-year yield suggests that the ef-
fect of growth expectations can be at least as important as that of
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Panel A. Fed: scheduled monetary policy decision announcements
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Fig. 9. Historical decompositions of yields changes and stock returns. The figure presents historical decompositions of shocks to two- and ten-year yields and stock returns around
scheduled FOMC decision announcements (window —15 to +15 min) and ECB press conferences (window —15 to +90 min). Shocks are normalized to have zero mean and are
cumulated over time. The decomposition is obtained by imposing sign and monotonicity restrictions.

monetary policy shocks, and therefore could be an important driver of
the path factor. In this way, we are able to quantify the importance of
the so-called Delphic component of monetary policy announcements
—that reveals policymakers' forecasts of the macroeconomy rather
than just path of monetary policy—first studied by Campbell et al.
(2012b).

8. Conclusion

The joint dynamics of stocks and the yield curve at high-frequency
reveal the nature of economic shocks induced by central bank an-
nouncements. We highlight the importance of non-monetary news,
i.e. news about economic fundamentals and news affecting risk premia,
in central bank communication. Those types of news are routinely
transmitted via communication channels such as press conferences
and minutes, whose goal is to provide context of policy decisions. We
also document a considerable variation in the composition of news
types released by central banks over time.

In terms of breadth of events covered as well as their taxonomy, ours
is probably the most comprehensive dataset of communication by the
four main central banks that has been studied in the literature. Even so,
relying on asset price behavior around selected events likely does not cap-
ture the entirety the news telegraphed by central banks. In particular, we
abstract from the fact that central banks may exert significant effect on
asset prices outside of the public communication events, as suggested
by the findings of Lucca and Moench (2015) and Cieslak et al. (2018).

Another broad set of issues pertains to understanding the economic
mechanism whereby central banks convey new information to the pub-
lic about the state of the economy. Our contribution is to show that such
effects drive a considerable fraction of asset price variation around an-
nouncements. It is not yet resolved, however, whether the empirical ev-
idence should be interpreted through the lens of rational models of
expectations formation in which central banks have information advan-
tage over the public, or whether it would be better understood via other
mechanisms. These questions are a direction for future research.

Appendix A. Appendix

Illustrative model

To formalize the intuition underlying Section 2 and our interpre-
tation of the empirical results, we present a stylized model for the
joint dynamics of stocks and nominal yields in this Appendix.

We assume there are four state variables that describe the econ-
omy: expected inflation 7, expected growth g, a monetary
policy factor f;, and a price-of-risk factor x,. All state variables
follow AR(1) processes with independent shocks. Written compactly
Ft = (Tt-gt'ftvxt)/'

Feo1 =+ DPFr+ 3.1, (A1)
where @, 3, are diagonal matrices with elements ¢y, and o on the di-
agonal, k = {7,g,f,x}, and &1 = (&11,651,6/+1,6%1)". We assume
that F, is stationary with elements 0 < ¢, < 1. To keep the model
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simple, the conditional covariance matrix of shocks 3 is constant.?®

The nominal short rate i, = y{! is:

it = 00 + 07Tt + 658y + ¢S (A2)

The nominal log SDF which prices nominal assets is m;,1 = — iy —
05NN — N1, where A, is a linear function of F,, where market prices
of risk are A; = 37 1(A\o + A\F;), where A is a (4x1) vector and A, is a
(4x4) matrix of parameters (restrictions to be specified below).
The real log SDF which prices real assets is m/, ;= m; 1 + 1.1, Where
;.1 is one-period realized inflation (log change in the price level).

Realized inflation equals expected inflation plus an orthogonal shock
My = Ty + &1, thus T, = E,(m,, 1). Similarly, the real dividend growth
rate evolves as expected growth plus an orthogonal shock Ad;,; = g; +
gf 1, thus g, = E(Ad,,). Shocks &.;and & are uncorrelated with
other shocks in the economy.

We assume that investors require compensation for facing shocks to
expected growth &8, ;and to expected inflation &/, ;(shocks to realiza-
tions, £7,.1and &, 1, are not priced), and that risk premia move on a sin-
gle price-of-risk factor x,. This means that the only non-zero elements in
A, are elements (1,4) and (2,4), which we denote as A and Ag,, respec-
tively. We additionally set A = O for simplicity, implying that the non-
time-varying component of risk premia is tied to the unconditional
mean of x,. Under these assumptions, shocks to the nominal log-SDF
have the form:

1 _ 1
—(Mep1 —Ee(Mpsq)) = (E)\ngm *;g)‘g?ﬁ%H)Xf' (A3)

Several comments are in order. The short rate eq. (A.2) captures the
intuition of forward looking Taylor rules. The variable f; is a reduced-
form way of summarizing the effect of monetary policy on interest
rates beyond just iid monetary policy shocks.?? The ex-ante real rate,
re =i — Efleyq,iS1e = 8o + (6 — 1)T; + 6g8¢ + 6. Note that when
6; = 1, the ex-ante real rate only depends on expected growth and
the monetary policy factor, but not expected inflation. If 6; > 1, the
ex-ante real rate is affected by expected inflation, introducing inflation
non-neutrality.

The price-of-risk factor x, determines the variation of risk premia in
the model. Its shocks can be viewed as shocks to preferences that are not
related to fundamentals. This specification is grounded by the empir-
ical facts. There is ample evidence by now that conditional risk premia
on stocks and bonds move on a higher frequency than the typical busi-
ness cycle frequency and are therefore hard to explain with macroeco-
nomic fundamentals.?' The price-of-risk factor x, does not affect the
short rate, i.e. 5, = 0, which implies that the central bank does not di-
rectly respond to variation in risk premia.

Nominal yield curve

28 While there is clear evidence of time-varying volatility of stock returns and the yield
curve, the link between volatility and risk premia remains debated. Using a rich model
with time-varying volatility, Cieslak and Povala (2016) show that the cross-section of
yields is well modelled with purely Gaussian dynamics, and factors driving volatility of
yields have a minimal impact on the cross-section of yields.

29 For example, Cieslak (2018) shows that monetary policy affects short rate expecta-
tions in a persistent fashion beyond the systematic policy response to macroeconomic fac-
tors. Modeling the short rate with a monetary policy shock and a smoothing component
would not qualitatively change the intuition arising from this setting.

30 Models with a single source of variation in the price of risk and only a subset of shocks
that are priced have been studied by Lettau and Wachter (2011), Campbell et al. (2017a,
2017b), Ang et al. (2008), among others. In these models, the price of risk is assumed to
follow a univariate process that is independent of other state variables. The role of inde-
pendent preference shocks for explaining stock market valuations has been also
highlighted by Albuquerque et al. (2016).

31 See Kelly and Pruitt (2013) and Martin (2017) for evidence on equity market risk
premia and Cieslak and Povala (2015) for evidence on bond risk premia. In particular,
Cieslak and Povala (2015) find that risk premium dynamics in bonds are orthogonal to
both real rate and inflation expectations.

Bond yields have the well-known affine form: yi") = An + .7 Ft,
with A; = 8y and .72; = 6. The model decomposes shocks to yields in
eq. (2) as

t+1

+ eZ);UxS);

+1°

yi”},)] —E; <.VET]> = '}?;128H1 = 'ﬂ;OTSIH + .Z’%(jggg

+ 'ﬁt];Ufg[H

(A.4)

To understand how shocks affect the cross-section of yields, we an-
alyze .7, coefficients as function of maturity n. Egs. (A.1), (A.2) and
(A.3) together lead to the following loadings of yields on the state vari-
ables:

ok @]_d)z _

Ly = o p— for k={7.g f} (A.5)
n—1 ; ) ;

o= . (=B Ax—F5_ A+ 5 _1by), (A.6)

Eq. (A.5) shows that as long as the state variables have a positive ef-
fect on the short rate (6, > 0) and are persistent but stationary (0 < ¢
<1),.7¥ loadings are also positive. In this case, yields covary positively
with expected inflation, expected growth and with the monetary policy
factor. The positive loadings 6, and 8, are consistent with Taylor rule es-
timates. These estimates also suggest that 0 < 8, <6, and 6, < 1, whereas
6; could be above unity (akin to the so-called Taylor principle), depend-
ing on the monetary policy regime. Coefficient &is a reduced-form way
of modeling the strength with which the central bank can affect the
yield curve.

The persistence of state variables determines their effects across ma-
turities. With high persistence (¢ close to 1), expected inflation has a
“level” effect on the term structure, i.e. .77 is nearly flat across matu-
rities. Less persistent variables that are the main driver of the real rate
(g: and f;) vary at a higher, business-cycle, frequency. Accordingly
their .#,-loadings decline faster across maturities than .#7%.32

The price-of-risk factor x; determines the variation in bond risk
premia (and yield term premia):

E; (ex(")

M) + 1Var[ (ex(’”

> th) = = (=) (F A+ B Na)xe. (AT)

Intuitively, positive shocks to x, lead to a decline in the bond risk
premium if coefficients A, and A4y are positive (as both .2} > 0 and
72%>0). Positive signs of A, and A, capture the notion of expected
growth and expected inflation being procyclical, and bonds providing
insurance in bad times.>* In that case, positive shocks to the price-of-
risk factor x, decrease yields more at longer maturities (.75 decreases
with maturity). In general, this effect survives, albeit weakens, if only
shocks to expected growth are priced with Ag > 0, as in a regime
when inflation expectations are very stable.>*

Stocks

Under model assumptions, the log price-dividend ratio is also affine
in the state vector, pd; = As + BiF,. Using log-linearized returns, unex-
pected stock returns can be decomposed as:

ria—Ee(r}y1) = KiBi3er 1 + &4 (A8)

32 This intuition is confirmed by the calibration in Cieslak and Povala (2015).

33 With procyclical inflation, inflation is low when marginal utility is high and
cov(0r&4+ T,Mey1 — Ee(Meyq)) = — ApxXe < 0. This means A, > 0 assuming that
Xy, the volatility of the SDF, is a positive process. Similar logic applies to the pricing
of growth shocks.

34 The result is overturned with countercyclical inflation (when A, < 0), such as in the US
in the 1970s and 80s. However, data from late 1990s, the period we analyze, support the
assumption of procylical inflation (e.g., Burkhardt and Hasseltoft, 2012; Campbell et al.,
2015). Given the high correlation of inflation dynamics across advanced economies in this
period (Jotikasthira et al., 2015), the evidence extends to other countries in our sample
outside the US.
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where the linearization constant  is slightly less than one and depends
only on the unconditional average of pd,. Stocks are unaffected by ex-
pected inflation (B = 0) if 6. = 1.1f 6, > 1 positive shocks to expected
inflation decrease stock prices (B; < 0) via the discount rate channel as
they raise the real short rate. Shocks to growth expectations raise
stock prices (B§ > 0) if 0 < 85 < 1, i.e. the real short rate increases less
than one for one with growth expectations. Monetary policy shocks de-
crease stock prices as B;< 0 if 67> 0. Similar to bond risk premia, stock
risk premia vary with x;:

1
Ei(exiq) + jVart(exiﬂ) = K1 (Bf Aex + BENg) Xe. (A12)

With market price of risk parameters A, > 0 and Ag, > 0, positive
price-of-risk shocks lower stock prices (B; < 0) and increase stock risk
premia ((BsArx + BéAgy) > 0) if the pricing of growth shock dominates
the inflation effect (as with 6. < 1). In this case, stocks are risky assets
and bonds are safe; thus, upon a positive price-of-risk shock, negative
stock returns are coupled with lower yields (and higher bond prices).

Appendix B. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jinteco.2019.01.012.
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