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Abstract

We study how monetary policy and risk shocks affect asset prices in the US, the euro
area, and Japan, differentiating between “traditional” monetary policy and
communication events, each decomposed into “pure” and information shocks.
Communication shocks from the US spill over to risk in the euro area and vice versa,
but traditional US shocks show no spillover effects to risk. Both monetary policy and
communication shocks spill over to stocks, with euro area information spillovers
being particularly strong. US spillovers are consistent with global CAPM intuition
whereas euro area spillovers are larger. Importantly, we document a strong global
component of risk shocks which is not driven by monetary policy.
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Non-technical summary

Since the global financial crisis, there has been renewed interest in understanding how
monetary policy shocks transmit across countries through financial markets and
capital flows. The increased synchronization of financial cycles across countries in
recent decades (Jorda, Schularick, Taylor, and Ward (2019)) generates the specter of a
“hegemon” country, such as the US, whose monetary policy drives risk appetite and
thus asset prices globally (Miranda-Agrippino and Rey (2020b)). It is therefore not
surprising that the Fed Chairman Jerome Powell devoted a speech to the topic,
arguing that: “... while global factors play an important role in influencing domestic
financial conditions, the role of US monetary policy is often exaggerated.”! After all,
in globally integrated capital markets, financial risk conditions and therefore asset
returns may naturally comove strongly.

Our analysis takes a less US-centric perspective and assesses the transmission
of monetary policy (MP) shocks as well as risk shocks to asset prices across three
advanced economies, the US, euro area, and Japan, using high-frequency data over
the 2000-2017 period. One novel feature of our analysis is that we consider multiple
distinct kinds of news revealed by central banks. In particular, we consider both
“traditional’ events - corresponding to policy decision announcements - and
additional communication events, associated with central bankers' speeches and
releases of policy meetings minutes. For traditional events, we use the framework of
Jarocinski and Karadi (2020) to separate measures of policy shocks into “pure” MP
shocks and central bank information shocks, which reveal central bank information
about the economy. We complement these shocks with “communication” pure MP
and information shocks that we create from data in Cieslak and Schrimpf (2019), who
show that central banks release much relevant information on non-policy meetings
days, which are missed if one focuses on traditional events.

Another novel feature is our consideration of international risk shock spillovers

and the comparison of their effects to those of monetary policy-induced spillovers. For

! Speech by Chairman Jerome Powell on “Monetary Policy Influences on Global Financial Conditions and
International Capital Flows,” at the Eighth High-Level Conference on the International Monetary System
sponsored by the International Monetary Fund and Swiss National Bank, Zurich, Switzerland, May 8§, 2018.
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our risk variable, we use the (square of) option-implied volatility indices for the major
stock indices in the three economies (the VIX index for the US and the equivalent
indices for the euro area and Japan). Indeed, recent research in finance suggests that
equity options markets harbor much market-based information on risk aversion. The
risk shocks are then orthogonalized with respect to a wide array of macroeconomic
announcement shocks as well as to the monetary policy shocks, as the extant literature
suggests monetary policy is an important driver of risk aversion (see also Bekaert,
Hoerova, and Lo Duca (2013)).

Our main results are as follows. In this multi-country, multi-shock framework,
we find evidence of traditional monetary policy in the US affecting domestic risk,
consistent with Bekaert, Hoerova, and Lo Duca (2013) who focus on a pre-2008
sample, although our evidence is statistically weak, suggesting a weakening
relationship after the 2008-09 Great Recession. As for international spillovers, we
document a strong global common component in risk shocks which is not driven by
traditional US monetary policy. US traditional monetary policy does not affect risk in
other countries. That is, we find no evidence of monetary policy spillover, through a
risk channel, from the US to Japan and the euro area, lending support to Mr. Powell's
conclusion. Interestingly, we document that communication shocks do generate
significant spillovers to risk, operating both from the US to the euro area and vice
versa. Euro area traditional monetary policy also affects US risk. Furthermore, we find
that both monetary policy and communication shocks spill over to stocks, with euro
area information spillovers being particularly strong. US spillovers are consistent with
global CAPM intuition whereas euro area spillovers are larger. Importantly, we

document a strong global component of risk shocks which is not driven by monetary

policy.
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1 Introduction

Since the global financial crisis, there has been renewed interest in understanding how
monetary policy shocks transmit across countries through financial markets and capital
flows. The increased synchronization of financial cycles across countries in recent decades
(Jorda, Schularick, Taylor, and Ward (2019)) generates the specter of a “hegemon”
country, such as the US, whose monetary policy drives risk appetite and thus asset
prices globally (Miranda-Agrippino and Rey (2020b)). It is therefore not surprising that

(13

the Fed Chairman Jerome Powell devoted a speech to the topic, arguing that: “... while
global factors play an important role in influencing domestic financial conditions, the role
of US monetary policy is often exaggerated.”! After all, in globally integrated capital
markets, financial risk conditions and therefore asset returns may naturally comove
strongly.

Our analysis takes a less US-centric perspective and assesses the transmission of
monetary policy (MP) shocks as well as risk shocks to asset prices across three advanced
economies, the US, euro area, and Japan, using high-frequency data over the 2000-2017
period. One novel feature of our analysis is that we consider multiple distinct kinds of
news revealed by central banks. In particular, we consider both “traditional” events —
corresponding to policy decision announcements — and additional communication events,
associated with central bankers’ speeches and releases of policy meetings minutes. For
traditional events, we use the framework of Jarocinski and Karadi (2020) to separate
measures of policy shocks into “pure” MP shocks and central bank information shocks,
which reveal central bank information about the economy. We complement these shocks
with “communication” pure MP and information shocks that we create from data in
Cieslak and Schrimpf (2019), who show that central banks release much relevant in-
formation on non-policy meetings days, which are missed if one focuses on traditional
events.

Another novel feature is our consideration of international risk shock spillovers and
the comparison of their effects to those of monetary policy-induced spillovers. For our
risk variable, we use the (square of) option-implied volatility indices for the major stock
indices in the three economies (the VIX index for the US and the equivalent indices for

the euro area and Japan). Indeed, recent research in finance suggests that equity options

1Speech by Chairman Jerome Powell on “Monetary Policy Influences on Global Financial Conditions
and International Capital Flows,” at the Eighth High-Level Conference on the International Monetary
System sponsored by the International Monetary Fund and Swiss National Bank, Zurich, Switzerland,
May 8, 2018.
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markets harbor much market-based information on risk aversion.? The risk shocks are
then orthogonalized with respect to a wide array of macroeconomic announcement shocks
as well as to the monetary policy shocks, as the extant literature suggests monetary
policy is an important driver of risk aversion (see also Bekaert, Hoerova, and Lo Duca
(2013)).

We first examine how various monetary policy-induced shocks in the US, the euro
area, and Japan affect risk variables across countries on a daily basis, while controlling
for macroeconomic announcement shocks. We then compare the effects of the MP-
induced shocks and the risk shocks — cleansed of the effects of monetary policy and
macro announcement shocks - on asset prices across the three major economies, focusing
on short-term interest rates as well as stocks. By considering both domestic and foreign
monetary policy shocks, by distinguishing between different types of monetary policy
and communication shocks, by differentiating monetary policy shocks from risk shocks
orthogonal to monetary policy, and by using data at the daily frequency, we complement
the work by Miranda-Agrippino and Rey (2020b) who focus on the effect of traditional
US monetary policy shocks on global risk and domestic business cycles at the monthly
frequency.

Our main results are as follows. First, in this multi-country, multi-shock frame-
work, we find evidence of traditional monetary policy in the US affecting domestic risk,
consistent with Bekaert, Hoerova, and Lo Duca (2013) who focus on a pre-2008 sample,
although our evidence is statistically weak, suggesting a weakening relationship after the
2008-09 Great Recession. As for international spillovers, we document a strong global
common component in risk shocks which is not driven by traditional US monetary pol-
icy. US traditional monetary policy does not affect risk in other countries. That is, we
find no evidence of monetary policy spillover, through a risk channel, from the US to
Japan and the euro area, lending support to Mr. Powell’s conclusion. Interestingly, we
document that communication shocks do generate significant spillovers to risk, operat-
ing both from the US to the euro area and vice versa. Euro area traditional monetary
policy also affects US risk.

Second, while monetary policy shocks have their usual effect on domestic short-term
interest rates, indicating strong and statistically significant pass-through, we fail to find
significant international spillover effects through interest rates. This suggests that the

monetary autonomy of central banks in Japan and the euro area in setting short-term

2Martin (2017) shows that an option-implied volatility index constitutes a lower bound for the equity
premium. Bekaert, Engstrom, and Xu (2022) estimate a measure of aggregate risk aversion, pricing
equities and corporate bonds, and find it to be highly correlated with the VIX.
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rates has remained intact, consistent with the trilemma literature (Obstfeld, Shambaugh,
and Taylor (2005)).

Third, US and euro area monetary policy significantly affect domestic stock returns.
Our results for the US are quantitively in line with the original results in Bernanke
and Kuttner (2005), finding economically important effects on equity prices. Domestic
communication shocks also matter for US stock prices.® Importantly, risk shocks that
are orthogonal to monetary policy and communication affect stock prices significantly
and their effects are of a larger economic magnitude than the effects of monetary policy
and communication shocks. In terms of international spillovers, those are stronger from
the euro area to the US than from the US to the euro area, for both pure monetary
policy and information shocks. Euro area communication shocks also spill over to the
US and Japanese stock prices. Given that the US equity market constitutes a large
part of the global equity market, a standard capital asset pricing model (CAPM) would
predict the US monetary policy effects to be stronger than those of the euro area. In
fact, a back of the envelope computation suggest that the US spillover effect to the euro
area is entirely consistent with a simple CAPM prediction, whereas the euro area’s effect
is much stronger. If anything, it is the spillover effects emanating from the euro area
that are surprisingly large.

Our final set of results regards the relative economic importance of the various mon-
etary policy-induced shocks. We conduct a variance decomposition of the explained
variation in our regressions to quantify the relative importance of traditional versus
communication monetary policy shocks and of “pure” monetary policy shocks versus
information shocks. We find that pure monetary policy (information) shocks matter
relatively more for interest rates (stock returns). In addition, we find that on average
communication (traditional) monetary policy shocks account for 19% (81%) of the ex-
plained variation of interest rates but for 48% (52%) of the explained variation for stock
returns. Our work therefore contributes to a growing literature examining the asset
pricing effects of monetary policy “communication” (rather than the announcement of
the the short term rate). This includes Cieslak and Schrimpf (2019), who examine the
effects of communication events for 4 major central banks on the yield curve and stock
returns, and Leombroni, Vedolin, Venter, and Whelan (2021), who document credit risk
premium changes in response to communication shocks by the ECB both on and outside

policy decision days.

3See also Swanson (2023) who argues that speeches and Congressional testimony by the Federal
Reserve Chair have been more important than FOMC announcements for stocks and other asset prices.
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One implication of the strong stock return but weak risk effects of pure monetary
policy shocks we document for our post-2000 sample is that the monetary policy effects
on asset prices may well reflect a persistent pure interest rate effect. This is consistent
with Binsbergen (2020) who argues against an important role for equity risk premiums in
stock returns over the last 20 years. An investigation of the longer-term effects of shocks
is consistent with this conjecture. Risk shock effects on stock prices partially mean revert
within the month, consistent with a risk premium effect, whereas the monetary policy
shock effects are more persistent, consistent with a more persistent interest rate effect
(see Bekaert, Hoerova, and Xu (2023) for more details).

Our research relates to a voluminous empirical literature on international spillovers
of monetary policy to financial asset prices. In terms of recent research, Miranda-
Agrippino and Rey (2020b), using monthly data, find that monetary policy in the US
has large spillovers to the rest of the world by driving the “Global Financial Cycle,”
which is then reflected in strong comovements of financial asset prices across coun-
tries. Their measure of the Global Financial Cycle includes data from emerging markets
— which react strongly to US monetary policy changes (see Kalemli-Ozcan (2019)) —
while we are focusing on spillovers across three developed economies. Ca’Zorzi, Dedola,
Georgiadis, Jarocinski, Stracca, and Strasser (2020) use monthly data to compare the
international transmission of monetary policy of the Fed and the ECB. They document
a relatively larger impact of US monetary policy on speculative-grade corporate bond
spreads and sovereign bond yields in the euro area, asset classes we do not consider in
our study. Kearns, Schrimpf, and Xia (2020) examine the interest rate spillovers from
seven advanced economy central banks to the rest of the world. Like us, they also find
that there is not much monetary spillover to short term interest rates, but find stronger
results for longer-term interest rates. In parallel work, Jarociriski (2022)° specifically fo-
cuses on the transmission of ECB monetary policy to the US (on 1 year Treasury rates,
stock prices and corporate bond spreads), finding the spillover effect to be large, and

mostly attributable to an information effect. For the spillover effects from the US to the

4Many contributions focus on the spillovers of US monetary policy (e.g., Kim (2001), Faust, Rogers,
Swanson, and Wright (2003), Ehrmann and Fratzscher (2005), Faust, Rogers, Wang, and Wright (2007),
Ammer, Vega, and Wongswan (2010), Hausman and Wongswan (2011) among many others). Ehrmann
and Fratzscher (2009) study the transmission of US monetary policy shocks to global equity markets,
documenting that the degree of global integration of countries is a key determinant for the transmission
process. Some papers also consider spillovers to the US, following monetary policy actions of other
central banks; e.g., Ehrmann and Fratzscher (2005) analyze ECB’s actions, while Craine and Martin
(2008) consider Australian monetary surprises.

5The article was publicly disseminated at least one full year after a first version of our article was
available on SSRN.
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euro area, he finds the pure monetary policy effect to be stronger than the information
effect. Because we do not look at one year Treasury rates, our results are not directly
comparable; still, we also find strong spillover effects emanating from the ECB and we
also find the information spillover effects (for risk and stock prices) to be stronger than
the pure policy effects. Cieslak and Schrimpf (2019) also decompose news conveyed by
four major central banks, distinguishing between monetary news, news about economic
growth or news affecting financial risk premia. They provide evidence of their effects on
the yield curve and stock returns but do not consider cross-country spillovers. Rogers,
Sun, and Wu (2023) examine the effect of other shocks on the Global Financial Cycle
in a VAR framework, finding a US credit spread shock to be more important than the
US monetary policy shock. Such a shock may well represent a risk shock.

Another literature analyzes channels of international transmission of financial shocks
and the role that US monetary policy plays in such transmission. Bruno and Shin
(2015a,b) document that a contractionary shock to US monetary policy leads to a de-
crease in cross-border banking capital flows and a decline in the leverage of international
banks. Such a decrease in bank capital flows is associated with an appreciation of the
US dollar. Cetorelli and Goldberg (2012) and Buch, Bussiere, Goldberg, and Hills
(2019) focus on the bank lending channel, showing, inter alia, that global banks can
partially insulate from monetary policy shocks through internal capital markets (see
Morais, Peydré, Roldan-Pena, and Ruiz-Ortega (2019); Schmidt, Caccavaio, Carpinelli,
and Marinelli (2018), for additional contributions). Durdu, Martin, and Zer (2019)
show that a contractionary shock to US monetary policy can lead to capital outflows in
other countries due to search-for-yield incentives, and may increase the probability of a
banking crisis. Degasperi, Hong, and Ricco (2021) also find that US monetary policy
shocks affect capital lows and risk premiums in advanced and emerging economies alike.
However, Cerutti, Claessens, and Rose (2019), for example, show that common shocks
(such as those emanating from a central country like the US) drive little of the variation
in global capital flows. Jorda, Schularick, Taylor, and Ward (2019) document that the
comovement in credit, house prices, and equity prices across 17 advanced economies has
reached historical highs in the past three decades. They highlight the role of equity risk
premia in driving the equity market synchronization. Relating to all these papers, we
study spillovers across three major advanced economies and assess the relative impor-
tance of MP shocks and non-MP-driven risk shocks in driving asset prices.

The remainder of the paper is organized as follows. Section 2 describes the conceptual

and empirical framework. Section 3 describes the construction of our monetary policy
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and risk shocks across the three economies and examines the domestic (within-country)
and spillover (cross-country) effects of monetary policy shocks on risk. Section 4 distin-
guishes between the effects of monetary policy shocks and non-monetary policy-driven
risk shocks on interest rates and stock returns. We also consider the effects of an alter-
native set of monetary policy shocks which accommodate the post-2008 unconventional
monetary policies (see Swanson (2021); Altavilla, Brugnolini, Giirkaynak, Motto, and

Ragusa (2019)), and explore longer-horizon effects. Section 5 concludes.

2 Conceptual and Empirical Framework

In this section, we first provide a simple conceptual framework in which to interpret
our empirical work. We then present the econometric framework we use to gauge the

effects of monetary policy and risk shocks.

2.1 Conceptual framework

2.1.1 Domestic policy effects

Following Cieslak and Schrimpf (2019) and Bekaert, Hoerova, and Xu (2023), we

think of the short-term real interest rate, rf;, as driven by three variables:

Tt = ¢t + OriRI +orp M P, (1)
————
rfe

where g; represents expected consumption output growth; RI; is a state variable measur-
ing “risk”; M P, is a monetary policy shock. The first two terms represent the equilibrium
real interest rate, rf;: better growth prospects increase the interest rate (¢, > 0); if
variation in uncertainty dominates “risk”, precautionary savings effects imply that in-
creases in risk lower interest rates (¢rr < 0), but if risk reflects risk aversion, increases
in risk may increase or decrease the interest rate depending on whether intertemporal
smoothing or precautionary savings effects dominate (see also Wachter (2006)).
Monetary policy can affect the short-term interest rate in three ways. It can work
through a risk channel by affecting RI;, which is now well-understood (see Borio and
Zhu (2012) for a survey of various economic mechanisms leading to such a link). Mone-
tary policy can also affect growth expectations g; when it releases new information, see
Giirkaynak, Sack, and Swanson (2005), Nakamura and Steinsson (2018), Jarocinski and
Karadi (2020) and Miranda-Agrippino and Ricco (2021). Finally, there can be a direct
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pass-through effect which we model through the M P, state variable. The indirect effects
through g; and RI; imply that the ¢,,p coefficient does not necessarily measure the full
extent of interest rate pass-through.®

Monetary policy can affect equity returns through a discount rate or cash flow effect.
The discount rate effect potentially comprises a direct interest rate effect, an indirect
interest rate effect (via g;, RI;), or a risk premium effect. The standard interpretation of
monetary policy effects on stock returns is that they operate through the risk premium
(see Bernanke and Kuttner (2005)), which would be captured by changes in the RI,
variable. Note that all these discount rate effects move stock prices in the same direction.
In addition, stocks also react to cash flow news. If we assume that cash flows are
directly related to expected growth g;, monetary policy affects stock prices through the
information it releases about the economy. Information shocks have the opposite effect
on stock prices than do pure monetary policy shocks, as an increased interest rate here
signals positive news about the economy, which should increase stock prices. In rational
models, discount rate effects naturally imply mean-reverting behavior in returns, whereas

cash flow effects ought to be permanent.

2.1.2 International spillovers and asset return comovements

Our focus in this article is on the international spillover effects of monetary policy,
among large developed economies / economic areas. Because standard monetary policy
seeks to affect short-term interest rates, a logical starting point is to consider interest
rate spillovers from the perspective of standard trilemma theory.

The trilemma states that economies cannot simultaneously control monetary pol-
icy and the exchange rate while accommodating free capital flows (see, e.g., Obstfeld,
Shambaugh, and Taylor (2005); Klein and Shambaugh (2015); Aizenman, Chinn, and
Ito (2016); Bekaert and Mehl (2019); Jorda, Schularick, and Taylor (2020)). Given that
the exchange rates between our three countries are flexible, and capital is mobile, the
standard theory implies that monetary authorities should be able to achieve autonomy
and no interest rate spillover must happen. However, a variety of alternative economic
channels can still lead to short-term interest rate spillovers.” For example, monetary pol-
icy can reveal information about economic conditions (information about g¢;) or affect

financial conditions (e.g., uncertainty driving precautionary savings effects, as captured

6See, e.g., Pflueger and Rinaldi (2020) for a model with stochastic risk aversion and monetary policy,
estimated to match quarterly macroeconomic moments.

"Jotikasthira, Le, and Lundblad (2015) and Bekaert and Ermolov (2023) in fact show that nominal
interest rates are highly correlated across countries.
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by RI;), see Kearns, Schrimpf, and Xia (2020) for a survey. Such monetary policy effects
operating through interest rates obviously may have repercussions for international asset
prices.

However, recent literature argues that the classic trilemma may have morphed into a
dilemma between financial openness and monetary policy autonomy. Rey (2015), Bruno
and Shin (2015a,b), and Passari and Rey (2015) stress the critical role played by the
US dollar and US monetary policy in setting global liquidity and credit conditions (see
also Obstfeld (2015) for a discussion). They suggest that non-US central banks have
lost their ability to influence domestic interest rates, even in the presence of flexible
exchange rates, due to the existence of “US-driven” global financial cycles in liquidity
and credit. The main policy spillover happens through a risk channel; in particular,
Miranda-Agrippino and Rey (2020b) show how US monetary policy affects a common
component in international risky asset prices.

Of course, in a financially integrated world, asset returns around the world should
comove more or less strongly, in response to any shocks we outlined in Section 2.1.1,
including shocks to growth prospects g; and risk RI;.® In fact, CAPM intuition would
indicate that the US should be the hegemon country, because the US represents about
40% of the world’s equity market capitalization. Therefore, any shock affecting the
US equity market should spill over strongly to other countries through simple “beta”
effects. With Japan and the euro area each representing less than 10% of world market
capitalization, the corresponding reverse effects ought to be small. Whereas these are
partial equilibrium relations, we nonetheless use them to help interpret our empirical

results.

2.2 Empirical framework and hypotheses

Monetary policy shocks are best identified using high-frequency data. Since our
interest is in the impact on asset prices — which move fast in response to shocks — we
conduct our tests mostly using daily data, considering longer term effects briefly in
Section 4. It is important to not simply focus on within day, high-frequency changes
in asset prices. First, Kurov, Sancetta, Strasser, and Wolfe (2019), investigating high-
frequency changes in stock and bonds returns, show substantive price drift ahead of

various macroeconomic announcements. Second, there are several instances of asset

8Stock return comovements have increased substantially in recent times (see Bekaert and Mehl
(2019); Christoffersen, Errunza, Jacobs, and Langlois (2012); Jorda, Schularick, Taylor, and Ward
(2019)).
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price responses to important monetary policy announcements that mean reverted within
the day. Investigating a one-day response therefore is an adequate compromise.

We first test the “risk” channel of monetary policy with the following regression:

ARI;y = o + Z ﬁ;VIP’iMPZ + Z 5?“%; + Z (5;Macroi + ;D¢ + €4,
i=US,EA,J P i#j i=US,EA,JP
(2)

where ARI;, represents changes in the risk variable for countries j = US, F'A, JP over
day t (see Section 3.3). M P} stands for the monetary policy shock series in country
i on day t (0 on other days), representing a vector of 4 different types of monetary
policy shocks (see Section 3.1). The ri; variable represents “cleansed” risk shocks, that
is: r_z;@ = ARI,;; — E[ARI; |z, where the set of z; instruments include monetary pol-
icy shocks, macro shocks, and their event day dummies. The expectation is evaluated
by a linear projection. Thus, this procedure cleanses risk changes from any monetary
policy influences, but it also removes the effects of the extensive set of macroeconomic
announcements occurring around the world on risk aversion shocks. As a result, this
residual is the non-MP- and non-macro-driven risk shock (denoted by rit, i = US, FA,
JP.” and labeled as “Non-MP, non-Macro Risk” in tables); for simplicity, we sometimes
refer to it as a “cleansed” risk shock. Macro! represent a large set of (21) macroeco-
nomic news series around the world at the daily level (see Section 3.2).

D, represents a vector of monetary policy event date dummies, and macroeconomic
announcement event date dummies, for the US, EA and JP. Importantly, this inclusion
of event dummies is econometrically critical. To examine the directional effects of macro
or monetary policy shocks on asset prices, the literature often examines their relation on
the event dates only. It is a suitable empirical identification framework if all shocks con-

7

stitute “event” shocks. However, because our goal is to contrast the relative directional
effects of monetary policy shocks with those of daily pure risk shocks, we use all of the
data. Including the monetary policy and macro announcement day dummies ensures
that the results we obtain using these daily regressions are very similar to “event-only”
regressions; that is, the BJMP’is effectively capture the directional effects of MP shocks
on event days. It is conceivable that the mere release of information, irrespective of
the sign or the magnitude of the shock, affects uncertainty as information is released to

the markets. For example, Brusa, Savor, and Wilson (2020) claim that, following US

9Lower case 73 is used to differentiate this shock variable with the level variable denoted using upper
case RI.
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monetary policy shocks, global stock market returns increase while uncertainty decreases
worldwide but this does not happen on policy days for other countries. Analogously,
Mueller, Tahbaz-Salehi, and Vedolin (2017) show that forreign currencies earn high re-
turns on FOMC announcement days, as compensation for monetary policy uncertainty.
Such effects are not our focus, but are controlled for in our analysis.

The main coefficients of interest are the ﬁJM Pig which measure the domestic and
spillover effects of monetary policy shocks on RI: domestic effects through ﬁ]MP’j , and
spillover effects through ijp’i, i # j. The second set of coefficients of interest are the
,Bfl’i coefficients, measuring risk spillovers across countries. All standard errors correct
for heteroskedasticity.

One last challenge our analysis must overcome, given its high-frequency nature, is
the non-synchronous trading schedules of the three parts of the world economy. The
rule of thumb is that subscript t is adjusted to reflect the information set of any variable
in the regression. In particular, for the US, all US and foreign MP and macroeconomic
shocks enter contemporaneously, except for those shocks that are released after the US
market closes (those only enter the information set on the next trading day). For the
euro area, JP and EA shocks that materialize before or during the European opening
hours enter contemporaneously while the other shocks as well as the US shocks enter
the information set on the next trading day. For Japan, JP shocks that materialize
while Japanese financial markets are open enter contemporaneously, while the EA and
US shocks dated on the same day enter the information set on the next trading day.

The presence of the cleansed risk shocks from other countries aids the identification
of monetary policy shock effects on risk. Imagine a typical US monetary policy an-
nouncement on day ¢, which tends to happen in the early afternoon, US time (GMT-5).

The daily US risk aversion change may be influenced by events earlier in the day, during

European or Japanese market hours. The presence of 74 and ri/” controls for these
events. Their coefficients also reveal how global risk travels across time zones. In addi-
tion, because these shocks are cleansed of the effect of MP, they do not reflect earlier
MP shocks.

The remainder of the analysis focuses on the effect of monetary policy shocks, risk
shocks and macro-economic announcements on interest rate changes and stock returns

with the following regression set-up:
Yii=a; + Z BJI-\/IP’iMPti + Z ﬂRI’iT_li,; + Z 5;Macroi + ;D¢ + €4

(3)

i=US,EA,JP i=US,EA,JP i=US,EA,JP
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where Y}, is either the change in interest rates or stock returns in country j. The main
coefficients of interest are the /BJMP’i and /BJB‘I’i coefficients which help contrast the effects
of various types of monetary policy shocks, as captured in the vector M P, with the
effects of cleansed risk shocks.

3 Monetary Policy, Macro, and Risk Shocks

In Section 3.1, we discuss the measurement of our monetary policy shocks, which
are the key independent variables in Equation (2). Section 3.2 describes the data and
the construction of macro shocks. Section 3.3 discusses the measurement of risk and
risk shocks, and their economic interpretation. Given our focus on high-frequency data,
we infer risk from stock market data. In Section 3.4, we estimate how monetary policy
affects risk. Our analysis provides a direct test of the key components of a US monetary
policy-induced global financial cycle: Does US monetary policy affect stock market risk

in the three major economies / economic areas, US, EA and JP?

3.1 Monetary policy shocks

We investigate two types of monetary policy shocks. The first set are the traditional
monetary policy shocks, corresponding to policy decision announcements, but we use
recent advances to split these shocks into “pure” and information shocks. The second
set are communication shocks, which we create from the event and high-frequency asset
data compiled by Cieslak and Schrimpf (2019). Cieslak and Schrimpf (2019) recognize
that the effect of monetary policy extends beyond the regularly scheduled policy meetings
and also include press conferences, the release of the minutes of policy meetings and the
release of other important reports (such as the inflation report in Japan). The latter

events may also convey important information to asset markets and move asset prices.

Traditional Monetary Policy Shocks To decompose traditional announcement
shocks into “pure” and information-driven components, we use the measures devel-
oped by Jarocinski and Karadi (2020) for the US and the euro area. They disentangle
monetary policy shocks from a contemporaneous information shock by analyzing the
high-frequency comovement of interest rates (US: 3-month Federal funds futures rate;
EA: 3-month Eonia Euro Overnight Index Average interest rate swap rates) and stock
prices around the policy announcement. The shocks are measured in a narrow window

(10 minutes before and 20 minutes after) around the announcement events. For the US,
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these events include FOMC announcements, mostly at 14:00 on the day of the meeting;
for the EA, they include ECB press conferences and key press releases as well as a few
major speeches by the ECB Executive Board members providing information on ECB
unconventional measures, e.g., the “Whatever it takes” speech of Mario Draghi from July
26, 2012. The bulk of these events correspond to what Cieslak and Schrimpf (2019) call
“monetary policy decisions” (MPD), reflecting the traditional monetary policy events,
examined in most of the literature.

Jarocinski and Karadi (2020) argue that a pure monetary policy tightening should
unambiguously lower stock market valuations through a discount rate effect (higher real
interest rates and risk premia) and a cash flow effect (expected payoffs declining with
the deteriorating outlook caused by the policy tightening). Therefore, they identify a
monetary policy shock through a negative high-frequency comovement between interest
rate and stock price changes. In contrast, stock markets and interest rates comoving
positively is interpreted as an indication for the presence of an accompanying infor-
mation shock. They document that a “pure” monetary policy tightening leads to a
significant tightening of financial conditions (and a contraction in output). In contrast,
the central bank “information” shock (with a positive shock signalling good news about
the economy) leads to improving financial conditions and persistently higher short-term
interest rates (as the central bank tightens its policy to counteract the impact on the
macroeconomy ).’

Note that interpreting this monetary policy “information” shock as revealing addi-
tional central bank information is subject to debate. Bauer and Swanson (2020), for
example, argue that a detailed analysis of these effects in the US suggests that such
shocks are more consistent with both the private sector (e.g. macroeconomic forecast-
ers) and the Fed reacting to public news. Importantly, we include a wide set of macro
news shocks into our regressions (see below), controlling for public news effects. Even
under this interpretation and controlling for economic news, monetary policy shocks
may still have an effect on the economy and asset prices if the private sector ex-ante
under-estimated the Fed’s reaction to public news (see also Cieslak (2018)).

For Japan, we use the data shared by Kubota and Shintani (2022) who use Bank of
Japan data to compute shocks with the Giirkaynak, Sack, and Swanson (2005) method-

ology. They measure monetary policy surprises, using changes in 3-month Euroyen

10 An advantage of using the Jarociriski and Karadi (2020) decomposition is that it gives us a consistent
decomposition for both the US and the euro area, for our entire sample period. Several recent papers
similarly propose measures of monetary policy shocks which control for central bank information effects,
e.g., Miranda-Agrippino and Ricco (2021) and Nakamura and Steinsson (2018).
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futures and 10-year Japanese government bond (JGB) futures, around the Monetary
Policy Meeting (MPM) press releases between 1999 and 2020. The use of 10-year gov-
ernment bond futures is common in examining Japanese monetary policy as short rates
were constrained by the zero lower bound for most of our sample period. They use a
tight window of 10 minutes before to 20 minutes after the announcement. Unfortunately,
they do not split up the shocks into a “pure” and information shock, but rather use the
decomposition proposed by Giirkaynak, Sack, and Swanson (2005), splitting monetary
policy surprises in a “target” factor, which mainly affects current short-term rates, and
‘

a “path” factor, which affects the expected path of future short rates. Clearly, we must

be careful in the interpretation of these shocks relative to the US and euro area shocks.!!

Communication Monetary Policy Shocks. Asindicated before, Cieslak and Schrimpf
(2019) identify a much wider set of dates on which important monetary policy informa-
tion was released to the public. To define a new set of monetary policy “communication”
events, we use all of their dates and events that are not in our traditional monetary policy
set.

For the US, we identify 160 communication monetary policy event dates: among
them, 135 events correspond to the release of the minutes of the policy meetings,
20 events correspond to liquidity-provision related unconventional policies (14 in the
global financial crisis years, 2 each in 2010/2011/2014), and 5 events correspond to Ben
Bernanke’s speeches (3 at Jackson Hole, 1 at the Boston Fed) or Congress testimony.
For the ECB, we identify 90 communication events; 70 of them correspond to key pol-
icy makers’ speeches, while the rest belong to unconventional policies such as granting
loans and euro stability packages. For the BoJ, we identify 196 events; like the US,
BoJ also publishes meeting minutes in a delayed fashion, which explain 179 of these
events, and the remaining 17 events include unconventional monetary policy announce-
ments and some unusual BoJ statements to the public (e.g., stating “BoJ will monitor
the Greek Crisis”.) BoJ policy makers made no speeches during the sample period we
study. Lastly, there are no “Press Conferences” (PC) in our communication events; press
conferences occur on monetary policy decision days, and we follow the state-of-the-art
practice in the literature to group responses to PCs in calculating the total responses to

the traditional monetary policy events (see Giirkaynak, Sack, and Swanson (2005) and

HWe also obtain a measure from Rogers, Scotti, and Wright (2014), who compute changes in 10-year
Japanese government bond futures yields from 15 minutes before to 15 minutes after the announcements.
It is, however, 85% correlated with the high frequency measure in Kubota and Shintani (2022) (before
its decomposition).
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Jarocinski and Karadi (2020)).

Cieslak and Schrimpf (2019) already show that these shocks induce large domestic
asset price responses. Because they also record high-frequency changes (typically, 10
minutes before till 20 minutes after the event) for stock returns and 3-month yields
(10-year yield for Japan), we can mimic the construction of “pure” and information
shocks for these communication events. Specifically, when the covariance between stock
returns and changes in the government yield is negative (positive), the shock is a pure
(information) shock.'” The magnitude of the shock is the change in the government yield
over the short window around the communication event. Of course, we must stress that
at such events the central bank does not change the rate of the actual policy instrument
(e.g. the Fed funds rate in the US), but the observed changes in the (short-term) yield
likely reflect an adjustment of expectations regarding such changes.

Note that Cieslak and Schrimpf (2019) use these high-frequency comovements, to-
gether with comovements of 2- and 10-year yields with stock returns to decompose
monetary policy shocks into monetary policy, growth and risk shocks. While different
from our decomposition, it is clear (See Table 8, p. 311) that their risk premium shocks
have little effect on short term yield changes and stock returns, and primarily reflect a

term premium effect.

Summary Statistics. We analyze monetary policy shocks for the overlapping sample
for the three countries, January 2000 — December 2017. Table 1 provides summary
statistics for these measures (all quoted in basis points). Panel A shows that, over this
time period, we have 153 traditional monetary policy shocks for the US, 277 for the
euro area, and 257 for Japan. A positive (negative) shock indicates monetary policy
tightening (easing). For the central bank (CB) information shocks, a positive value
indicates good news about the economy and vice versa. All measures are quoted in basis
points. Note that the standard deviations of the pure monetary policy and information
shocks for the US and euro area are comparable at about 5.5 to 6.3 basis points. For
Japan, the shocks are much less variable at around 0.8 basis points.

In Panel B, we focus on the communication shocks. For the US, we have about as
many communication shocks as traditional shocks, but for Japan we have fewer com-
munication shocks (181 versus 257 traditional shocks) and for the euro area we only

have 90 communication shocks, whereas there were 277 traditional shocks. For the US

12This methodology is not identical to the one used in Jarociniski and Karadi (2020), but they use a
similar identification as a robustness check, finding similar results.
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and Japan, the standard deviation of these shocks is around 1 basis point, with the
variability of EA communication information shocks a bit lower at 0.85 basis points and
the variability of EA communication shocks, classified as pure monetary policy shocks,
much lower at around 0.3 basis points. The large dispersion in variability across the
different types of shocks prompts us to employ standardized monetary policy shocks in
our empirical work below (where we employ the standard deviation over event days as
reported in Table 1).

3.2 Macroeconomic news

In addition to the monetary policy shocks, we collect data on macroeconomic news
releases and the corresponding survey expectations prior to the news release (source:
Bloomberg). As is standard in the literature, we define a macroeconomic news shock
as the actual realization minus the survey expectation, divided by the sample standard
deviation.

In terms of coverage, we want to make sure to include all the major, impactful macro-
announcements, and therefore cast a very wide net. For the US, we use a total of 18
announcements. Our coverage is wider or comparable to that of recent articles focusing
on US macro-announcements, such as Boehm and Kroner (2020) and Elenev, Law, Song,
and Yaron (2022). Kurov, Sancetta, Strasser, and Wolfe (2019) investigate 31 US macro
announcements, which is the most comprehensive set we encountered. Importantly,
we include all announcements that have a significant effect on either bond or stock
returns in their study. These data include announcements regarding national income
(e.g. GDP Annualized); employment (e.g. Initial Jobless claim); industrial activity
(e.g. industrial production); investment (e.g. Durable Good Orders); consumption (e.g.
Advance Retail Sales); the housing sector (e.g. Housing Starts); inflation (e.g. CPI);
external accounts (e.g. Trade Balance); consumer confidence (e.g. Conference Board
Consumer Confidence); and producer confidence (e.g. the ISM Manufacturing Index).

A full list is given in Appendix Table A1l. We obtain 18 announcements for the US,
11 for the euro area, and 11 for Japan. Note that some announcements are on the same
day so that the number of event dummies included in our regressions is lower than the
number of announcements.

We assume that these shocks span new information about changes in ¢; in Equa-
tion (1). Boehm and Kroner (2020), in fact, argue that US macro news is an important
driver of global risk and global asset prices. Bekaert, Engstrom, and Xu (2022) show

that their risk aversion index responds to certain types of macro news (e.g., industrial
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production, the unemployment rate) in a direction consistent with a habit model, with
positive macro news decreasing risk aversion. However, they also find that variation
in risk aversion is dominated by non-macro factors. In the present research, we simply

control for, but do not analyze, the effect of macro news on risk and asset prices.

3.3 Risk and risk shocks

Our main measure of risk is the “risk-neutral” volatility index, which can be inferred
from option prices (see Britten-Jones and Neuberger (2000) and Bakshi, Kapadia, and
Madan (2003)) and is often viewed as a “fear index” (Whaley (2000)). For example,
the VIX index calculation uses a weighted average of European-style S&P500 call and
put option prices that straddle a 30-day maturity (22 trading days) and cover a wide
range of strikes (see CBOE (2004) for more details). For the euro area, we use a similar
implied volatility index on the STOXX50, for Japan on the Nikkei225. Importantly, this
estimate is model-free and does not rely on an option pricing model (see e.g. Bakshi
and Madan (2000)). The implied volatility indices for the euro area and Japan are
constructed using the same methodology.

The main advantage of using an option-implied volatility index to measure risk is
that the index is determined in financial markets and reflects the forward-looking risk
attitudes of their market participants. Bekaert, Engstrom, and Xu (2022) compute
a measure of US risk aversion within the context of a dynamic habit model, while
Miranda-Agrippino and Rey (2020b) compute a risk measure from a very large set of
risky asset prices, inferring a common component using a factor model. Both articles
provide evidence that the VIX is highly correlated with their risk measures.?

To create risk shocks (or Ei in Equations (2) and (3)), we project daily changes
(first differences) in country risk measures onto domestic and foreign monetary policy,
macroeconomic shocks and all their event dummies. As mentioned before, the residual
term is the “non-MP, non-macro risk” shock (or sometimes referred to as the cleansed
risk shock in the paper), representing risk shocks cleansed from the effects of monetary
policy shocks and macro announcements.

Our interpretation of the risk shocks as not driven by monetary policy is strengthened

by our use of a comprehensive set of monetary policy shocks, including communication

13Tn a previous draft of our research, we confirmed our results using the variance risk premium (see
Bekaert and Hoerova (2014)). Miranda-Agrippino and Rey (2020b) also correct their risk measure for
volatility but regress it on a realized variance measure and use the (inverse of the) residuals to provide
a measure of risk aversion. While such a measure may approximate risk aversion (see e.g. Bekaert,
Engstrom, and Xu (2022)), it is rather highly correlated with the VIX itself.
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shocks. We can therefore be pretty confident that the variation in these shocks is not
dominated by monetary policy news. The similarly extensive controls for macro shocks
ensure that the risk shocks likely reflect sentiment/confidence changes of investors and
consumers, driven by other news. Likely candidates are (geo)political news or economic
news (e.g. of a company specific nature) not captured by the formal announcements.
Bekaert, Engstrom, and Xu (2022) create a risk aversion index, which is quite highly
correlated with the VIX, at 0.87, and show that it is highly correlated with various
measures of investor and consumer sentiment and confidence. It is most highly correlated
with the Sentix sentiment index which measures investor emotion (fear, greed) using
weekly surveys. In addition, in a case study on the Covid crisis, they show that the risk
aversion measure reacts more strongly to changes in the volume of Covid cases, than
to an economic news sentiment measure (see Buckman, Shapiro, Sudhof, and Wilson
(2020)). Huang and Xu (2022) show that risk (aversion) spillovers from the US to other
countries are not only driven by economic and business news, but also by a wide variety

of political, societal and environmental news events.

3.4 Monetary policy and risk

With all shock measures in hand, we now show the estimation results of Equation (2)
in Table 2. Note that all coefficients are transformed in economic units. That is, a
coefficient of 1 indicates that a one standard deviation (SD) change in the independent
variable is associated with a one standard deviation change in the dependent variable.
In standardizing the coefficients, we used the sample standard deviation for risk shocks,
but used the standard deviation of MP shocks across event days. From the perspective
of the full sample, monetary policy events only happen on a limited number of days,
despite the fact that we cast a wider net in terms of monetary policy events than most
other studies.

Section 3.4.1 focuses on the domestic effects; and Section 3.4.2 discusses spillover
effects. Apart from testing the domestic and foreign risk channel effect of monetary pol-
icy, we also examine how non-monetary policy-driven risk shocks are directly correlated
across countries. While we sometimes refer to these effects as “risk spillovers,” they

could simply follow from a global risk shock travelling across time zones.
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3.4.1 Monetary policy and domestic risk

The dependent variables are daily changes in our risk measures in the three countries.

To conserve space, we only report the coefficients related to the monetary policy shocks,
MPji

B

summarize information from all three country regressions by organizing results according

, or to direct risk spillovers, BJRM. While Equation (3) is run at the country level, we

to the economic nature of the coefficients (policy or risk aversion effects emanating from
the US, the euro area, and Japan). For example, columns (1), (6) and (8) of Table 2
come from one regression with the left-hand-side variable being the first-differenced US
risk (RI) and the right-hand-side variables including the 3-month pure MP shocks, CB
information shocks, macro shocks, and all MP and macro event dummies from the US,
EA, and Japan as well as non-MP-driven foreign RI shocks.

We start by discussing the domestic monetary policy effects, which are collected
on the left of Table 2. Note that the first three columns (US; EA and Japan) report
coefficients from three different regressions for the risk variables of the three countries.
The first two lines focus on the traditional MP shocks, split up in “pure MP” and
information shocks. The coefficients are overall positive for traditional MP shocks, but
not statistically significant. The p-value for the US is just above the 10% rejection level
(at 12%). The information shocks generate negative risk effects with the effect only
statistically significant for the euro area. If such shocks indeed reflect positive growth
prospects, it is to be expected that they entail lower uncertainty and/or risk aversion,
consistent with the conceptual framework described in Section 2.1.1.

For the communication shocks, which are reported on the third and fourth lines,
we observe two statistically significant effects. The traditional shocks generate a small
positive effect in the US, and a much larger one in the euro area, but only the Euro
area effect is statistically significant at the 5% level. For “information” communication
shocks, the roles are reversed with a one standard deviation US communication shock
generating an almost 0.4 standard deviations drop in risk, with the effect significant at
the 5% level. There are no significant risk effects for Japanese communication shocks.

Overall, we conclude that traditional monetary policy has surprisingly weak effects
on risk, from the high-frequency perspective we focus on. This appears inconsistent with
the assumptions underlying the work in Miranda-Agrippino and Rey (2020b). It is also
inconsistent, at first glance, with the original findings in Bekaert, Hoerova, and Lo Duca
(2013), who find a strong causal effect of monetary policy shocks on risk aversion in the
US. However, these authors focused on a sample ending in 2007, before the GFC ushered

in an era of unconventional monetary policy. Bekaert, Hoerova, and Xu (2023) document
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how the risk channel of monetary policy, as measured through high-frequency regressions,
has waned over time in terms of statistical significance and economic magnitude. Bruno
and Shin (2015a) and Miranda-Agrippino and Rey (2020a), analyzing the relationship
between monetary policy and risk in vector autoregressive frameworks, also document a
weakening relationship in samples that include the GFC and its aftermath. In contrast,
the risk effects of both information and communication shocks are mostly stronger than

those of the “pure” monetary policy shocks.

3.4.2 DMonetary policy and international risk spillovers

The right-hand side part of Table 2 reports the “international spillover” part of the
three risk regressions. The first 4 lines report the international effects of MP shocks on
risk; the last line in each column reports the ﬁf“
Again, columns (6) and (8) are drawn from the US regression, columns (4) and (9) from

coefficients on the pure risk shocks.

the EA regression, and columns (5) and (7) from the Japan regression.

Focusing first on traditional “pure MP” and “information” shocks, the first important
result is the total lack of significant effects emanating from US monetary policy on risk
in other countries (see columns (4) and (5)). This lends support to central bank governor
Powell’s claim that the hegemon role of US monetary policy in setting global risk may
be exaggerated. Note that the signs are as expected but importantly, the effects are
also economically very small representing less than a 0.1 standard deviation effect to
a 1 standard deviation shock. Hence, our result cannot just be due to a low power
econometric test. In addition, we find rather strong effects from euro area monetary
policy to risk in the US. Both pure and information shocks have the expected positive,
respectively, negative effects, which are statistically significant at respectively, the 5%
and 1% level. The effects are also economically much larger at around 0.2 standard
deviations. There are no significant spillover effects emanating from Japan.

The next two lines focus on communication shocks. We find statistical significance in
perhaps unexpected places. For the US, there is a highly significant but small spillover
effect from communication MP shocks to euro area risk, but the communication infor-
mation spillover effects from the US are significant to both the euro area and Japan,
and they are also economically larger (representing a 0.27 to 0.37 standard deviations
decrease in international stock market risk given a 1 SD US communication information
shock). For the euro area, communication MP shocks significantly spill over to both the
US and Japan, and the effects are statistically significant at the 5% level and economi-

cally large (representing, respectively, a 0.89 and 0.37 standard deviations effect).
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The final line essentially focuses on the correlation of risk shocks across countries,
where, as mentioned before, these shocks are “cleansed” of the effects of monetary policy
and a wide range of macro shocks. The presence of these shocks in each country-specific
regression also ensures that any effect on risk captured by the independent variables is
due to risk changes during the trading hours of that particular country.

The results show strong comovements. US risk shocks transmit to both Japanese
and euro area stock market risk, with the former effect economically and statistically
the strongest. Euro area risk shocks transmit to US stock market risk but the effect on
Japanese stock market risk is statistically insignificant. Japanese risk shocks only show
a statistically significant effect on euro area stock market risk. These non-fundamental
risk spillovers are potentially consistent with a strong global factor structure in risk
aversion whereby, over the course of a day, information about global risk aversion is first
released in Japan, then in Europe and the US and spillovers happen as markets open.
We note that these effects are economically mostly quite strong when the countries are
adjacent in terms of time zones, varying between 0.34 standard deviations (Japan to
euro area) and 0.47 standard deviations (euro area to US).

Finally, we also verify whether there are longer-term effects on risk by projecting
cumulative changes in risk up till a horizon of 1 month (21 trading days after the initial
day response) on monetary policy shocks. We use HAC standard errors with the number
of Newey and West (1987) lags equal to twice the horizon. While important because the
work on the global financial cycle in Miranda-Agrippino and Rey (2020b) uses monthly
VARSs to establish a link between monetary policy and global risk, such projections are
less well identified than our high-frequency regressions, especially at longer horizons.
Because the majority of the long run coefficients are insignificantly different from zero,
results are shown in Appendix Table AG. Pure monetary policy shocks (through both
traditional and communication events) mostly partially or fully reverse after one month,
when emanating from the Euro Area. This is consistent with rapidly mean-reverting
risk premiums (see also Section 4.5). However, the risk effects following a pure US
monetary policy shock mostly become stronger with the horizon, but the coefficients are
mostly insignificantly different from zero. In contrast, information shocks often show
momentum, with the effects increasing over time; they are statistically significant in
a few cases. It is possible that news about the economy builds slowly, for example,
affecting stock market risk gradually over time. The traditional information shock effect

in the US is an exception, in that this effect fully reverses after 21 days.
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4 Monetary Policy, Risk, and Asset Prices

In this section, we examine monetary policy and risk spillovers to short-term interest
rates (Section 4.1), and stocks (Section 4.2). Section 4.3 characteristics the relative
importance of the various monetary policy shocks using variance decompositions. We
discuss additional results on structural breaks and unconventional monetary policies in

Section 4.4, and consider dynamic effects in Section 4.5.

4.1 Monetary policy and interest rates

Table 3 reports our baseline regression with daily changes in 3-month interest rates
as the dependent variable. Specifically, we use three-month Treasury interest rates for
the US and three-month government interest rates for the euro area, reflecting GDP-
weighted interest rates for the original 11 euro countries;'* for Japan, we use 10-year
government bond yields as short-term interest rates barely moved throughout the sample
period. As with most financial data used in this article, they are downloaded from
DataStream. Again, the variables are standardized, so that the coefficients present the
economic effect of a one standard deviation shock in terms of standard deviations of
interest rates. The standard deviation of interest rate changes over the sample period is
4.95 bps for US, 3.44 bps for EA, and 2.63 bps for JP. Further summary statistics are
provided in Appendix Table A2.

The regression now includes both domestic and foreign risk shocks, as described in
Equation (3). As before, the columns present the key coefficients (domestic and spillover
effects on interest rates) in the three country-specific regressions, expressed in standard
deviations.

The first goal of this table is to verify that monetary policy does indeed pass through
to interest rates as expected. The traditional, “pure” monetary policy effects are on the
left-hand side of the table on the first line. All these coefficients are highly statistically
significant. Economically, the effects are in a 0.35-0.43 standard deviations range. It
is more customary to present these results in terms of the passthrough of a 10-basis

point change in the policy instrument. The effect of a 10 basis points tightening of

14We construct the EA 3-month composite interest rate as the GDP-weighted average of country gov-
ernment bond 3-month rates across 11 euro area countries: Germany, France, Italy, Spain, Netherlands,
Belgium, Austria, Ireland, Finland, Portugal, Greece. We use the last available quarterly GDP data
to calculate the weights, and for 2000, the GDP weights are calculated without Greece to reflect its
non-euro area member status at the time. The quarterly GDP data are obtained from Eurostat (series
“NAMQ_10_.GDP”).
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US monetary policy (the MP shocks purged from CB information) is a 3.4-basis point
increase in US Treasury rates, or a 34% pass-through. The pass-through is 22% in the
euro area, and 83% in Japan.

The second line represents the interest rate effects of information shocks, which
are statistically significant for both the US and the euro area. For the US, they are
economically double the size of the pure shocks; for the euro are, they are a bit smaller
in economic magnitude than the effect of the pure shocks. Recall that we do not have
information shocks for Japan, but that the second line represents the forward guidance
shocks (as defined by Giirkaynak, Sack, and Swanson (2005)). These shocks do not
have a significant effect on 10-year government bond yields; in fact, the effect is slightly
negative.

The interest rate effects of the communication shocks are surprising. Recall that
a pure shock here represents an event that raises short term interest rates in the short
period around the event, and lowers stock prices. These interest rate effects revert within
the day on average and even become significantly negative for the US. The information
shocks do not generate statistically significant effects.

We do not see any strong spillover effects, neither for the pure shocks, nor for the
information shocks. Only one coefficient is statistically significantly different from zero:
there is a 0.08 standard deviation effect from euro area pure shocks to Japanese interest
rates, which is significant at the 5% level, but has a negative sign.

In general, our results suggest weak interest rate spillovers across countries, consistent
with the findings in Kearns, Schrimpf, and Xia (2020), who show weak evidence of
short-term interest rate spillovers, for a large number of countries. Our results are
consistent with monetary policy retaining its autonomy in the three major economies.'’
Ehrmann and Fratzscher (2005) document strong reactions of interest rates in the euro
area to monetary policy and macroeconomic news in the US, but they do not use a
high-frequency framework, and their sample largely precedes ours.

In terms of communication shocks spillovers, Japanese pure communication shocks
spill over to both US and euro area interest rates, with the effect on US interest rates
particularly large. The only other significant effect is US communication CBI shocks,
spilling over to Japan (a negative 0.16 SD effect).

Finally, we examine the interest rate effects of changes in risk. We find overwhelm-

ingly negative coefficients for risk shocks, which is consistent with precautionary savings

15Kearns, Schrimpf, and Xia (2020) do claim that there are significant spillovers to long-term interest
rates through a term premium channel, as does Dilts Stedman (2019) but only through unconventional
monetary policy.
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effects. The only significant effects are risk shocks having negative domestic interest rate
effects in the US and Japan.

4.2 Monetary policy, risk, and stock returns

In terms of data, all stock returns are measured in percent (log first-differences of
total return indices multiplied by 100) and in local currency, and are sourced from
DataStream. For the euro area, we use the same countries as for the EA 3-month
composite interest rate with the same weights. The results from estimating Equation (3)
for stock returns are reported in Table 4.

We commence with discussing the domestic effects, reported on the left-hand side of
the table. First, US monetary policy tightening leads to negative stock returns in the US.
The effect is economically large, representing 0.4 standard deviations. If we transform
it in the standard basis points units, a 10 basis points 3-month pure MP shock leads
to a 81 basis points drop in the stock market, confirming the large effects documented
in the seminal Bernanke and Kuttner (2005) article. The domestic MP effect is of the
same order of magnitude and highly statistically significant in Europe. The information
shock effect is, as expected, robustly positive, with the effect in the euro area (0.51)
about 2.5 times as large as in the US (0.21). There are no significant effects generated
by traditional Japanese monetary policy shocks.

The communication shock effects are strong in the US, with a one standard deviation
pure shock causing a 0.21 standard deviations drop in the stock market, and a commu-
nication information shock causing a 0.35 standard deviations uptick in the market. In
the euro area, the “pure” communication shock has a particularly large effect (-0.72
SDs) which is significant at the 1% level; whereas the information effect is surprisingly
negative (but only significant at the 10% level). Another puzzling result at first glance
is with Japanese stock returns being significantly positive after a positive pure commu-
nication shock. However, recall that the Japanese interest rate actually falls on average
during communication shock days (reversing the high-frequency response), so that this
effect is expected.

In general, more persistent discount rate effects — whether induced by a change in
the real interest rate or a change in the risk premium — should generate larger immediate
price effects when viewed as permanent. While Bernanke and Kuttner (2005) argue the
effect of MP shocks on stock returns is mostly a risk premium effect, this channel does
not square well with the weak evidence for a risk channel for monetary policy in our post-

2000 sample (see Table 2). Instead, it is conceivable that the “real interest rate effects”
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of monetary policy are viewed as more persistent than its risk effects, so that monetary
policy drives asset prices more through a “direct interest rate” channel. Binsbergen
(2020) also argues for strong pure interest rate effects on stock market returns over the
last 20 years. We return to this possibility below.

Moving to the right panel of the table, we also observe large international spillover
effects, but mostly between the US and the euro area. The US traditional pure MP shock
has a negative effect on the euro area stock market, a bit less than 30% of the magnitude
of the own market effect. This effect is not at all surprising. The beta of the euro area
with respect to world equity returns is 1.02 (measured over a 1970-2019 sample). Thus,
with the US market being 40-45% of world market capitalization, a “direct” CAPM
prediction would be a 40% move or more for a foreign market with a beta of about 1. Of
course, these effects are on non-standardized returns, whereas we report standardized
effects. Because the volatility of the US stock market is about 82.7% of the volatility of
the euro market during our sample period, the predicted “CAPM effect” relative to the
original domestic effect is 0.82 * 0.4 &~ 0.33. That is, the results are consistent with the
CAPM.'6

The US information shock has also a positive and significant effect on the euro area
stock market, which is, in economic terms, stronger than the domestic information effect.
However, the strongest spillover effects come from the euro area, with both the pure MP
and information shocks affecting US stock market returns in the expected direction. The
effects are economically large, with the pure shock generating a 0.27 standard deviation
drop in the US market; the information shock a 0.45 standard deviation increase. These
effects are about double the ones we observe in the opposite direction. Because the euro
area represents a relatively small fraction of the world equity market, the latter effects
are much larger in magnitude than simple CAPM predictions would suggest. Thus, if
anything, it is the euro area’s monetary policy that has surprisingly substantial effects
on global risk prices. Note that there is no significant spillover from either the US or
the euro area to Japanese stock markets or vice versa.

The large effect of the euro area MP shocks on global asset prices extends to commu-
nication shocks, with pure shocks leading to 0.80, respectively 0.48 standard deviation
drops in US, respectively Japanese stock prices. A positive US MP communication shock
is associated with increases in euro area stocks, but recall that interest rates in the US

on average drop during the day for such events. Similarly, a positive US information

16The CAPM effect is relatively weak, consistent with weak but positive direct spillover effects from
US monetary policy to interest rates and risk in the euro area.
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communication shock is associated with a decrease in Japanese stock prices.

The last line of Table 4 reports the effects of the risk shocks. Risk shocks have
negative effects on stock markets, no matter what area they originate from, with only a
few exceptions. The domestic effects dominate the international spillover effects, which
are economically tiny. The direct effects of risk shocks on the stock market are large,
ranging from 0.52 to 0.70 standard deviations. These effects are larger than what we
observe for MP shocks. In contrast, the international spillover effects are not always
statistically significant and sometimes have a surprising positive sign (e.g. risk shocks
from Japan to the US and the euro area). However, these spillover effects are only
about one tenth of the economic magnitude of the domestic effects.!” The relatively
weak spillover effects are not surprising because of the strong direct risk spillover effects
documented in Table 2. Thus, part of the domestic effects shown here likely reflect a
global component in risk. These results confirm that risk shocks generate the expected

effects, but do not operate through a monetary policy channel.

4.3 The economic importance of shocks

Our results so far challenge the idea that US monetary policy is a key driver of global
asset prices along multiple dimensions. During our sample period since 2000, we find
little to no evidence of strong international effects of traditional US monetary policy on
risk variables, but do find such effects emanating from the euro area or from commu-
nication MP shocks. In addition, we continue to find strong evidence of international
MP effects on stock returns, which is consistent with the literature, but these effects are
again stronger from the euro area to the US than vice versa. Risk shocks, in compari-
son, act in the expected way, decreasing stock returns, and their effects are economically
large, and larger than those of MP shocks.

One advantage of our framework in Equation (3), compared to event-day regressions,
is that we are able to compare the relative economic importance in explaining asset
returns for our various types of shocks: Monetary policy, macro announcements, and
risk. To do so, we compute the proportion of the explained variation in our regressions,
accounted for by different shocks. For this exercise, we also include the event dummies as
part of the various sets of explanatory variables. Such a variance decomposition answers

the question of which set of variables explain most variation in the dependent variable

"Ehrmann, Fratzscher, and Rigobon (2011) also find stronger within-country than across-country
shock transmission for various asset classes in the US and the Europe, but we do not confirm their
finding that US-driven international spillover effects dominate.
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on a day-to-day basis. Across our three sets of variables (MP, macro, and risk shocks),
the percentages add up to one, as we compute the fraction of the explained dependent
variable variation that is explained by explanatory variable z as %}’Sy) x 100% where
3, is the coefficient estimate and § is the fitted value of dependent variable 7.8

The results are in Figure 1, and they are stark. We average the results for the three-
country regressions to obtain an overall picture. For interest rates, about 35% of the
variation is accounted for by monetary policy shocks; 38% by macro shocks and only
27% by risk shocks. However, for stock returns, close to 90% is driven by risk shocks
(cleansed of MP and macro shocks), and only 7%, respectively, 4% by monetary policy,
respectively macro shocks. To understand day to day variation in the stock market,
understanding what drives risk is much more important than understanding monetary
policy.

It is conceivable that even with our comprehensive set of events, we are still under-
estimating the effects of monetary policy on stock returns. However, as the pie chart
on the right shows, the communication shocks in fact account for close to half of the
stock return variation explained by monetary policy shocks. For interest rates, they
also account for almost 20% of all variation explained by monetary policy shocks. Our
variance decompositions confirm the economic importance of the new communication
shocks. It is hard to imagine what other monetary policy events we can be possibly
missing. Kroencke, Schmeling, and Schrimpf (2021) show that even on MP decision
days much of the variation in stock returns is not driven by MP shocks, which they label
as “risk shifts.”

Figure 2 further decomposes the total MP effects on asset prices into its several
components: the four directional effects (from the four MP shocks) and the event day
effects. That is, in our regression framework, traditional MP events affect asset prices
through pure MP shocks, information shocks, and their event dummy; and the same
applies to communication events. The left hand side of Figure 2 shows the variance
decomposition of the explanatory power by monetary policy for interest rates (Panel
(a)) and stock returns (Panel (b)) into these six effects, with the bars adding up to
100%. The figures here use all MP effects, aggregating domestic and spillover effects.
All plots average the effects over the three countries (traditional Japanese path shocks
are classified as information shocks). On the right-hand side, the figures split up the

variance contributions of traditional versus communication shocks into domestic and

BImportantly, this exercise uses the overall sample standard deviation of the event variables, whereas
in our standardized regression results, we standardize event variables by their event standard deviation.
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spillover effects; with the event day effects also repeated for completeness. Note that
the pure non-directional announcement effects, while studied in a number of recent
articles (see e.g. Brusa, Savor, and Wilson (2020)), almost invariably represent the
smallest fraction of the total explanatory power of monetary policy shocks. They do
matter in a non-negligible manner for interest rates on monetary policy decision days
(traditional MP events), where they represent 11.9% of the explanatory power. The risk
shift identified on monetary policy days by Kroencke, Schmeling, and Schrimpf (2021),
is also not consistently related to the sign of monetary policy shocks.

Focusing first on the left-hand side plots of Figure 2, the two figures confirm what
is illustrated in Figure 1: traditional monetary policy shocks dominate communication
shocks for interest rates, but their explanatory power is more even for stock returns.
However, the relative importance in terms of “pure” versus information effects is different
across the traditional or communication shocks. For communication shocks, the pure
monetary policy shocks (shocks associated with a negative stock return and interest rate
increase) dominate, but for traditional shocks, this is only true for interest rates but for
stock returns, information shocks actually dominate. In general, on traditional monetary
policy decision days, information effects are highly important, representing 27% of the
total explanatory power for interest rates and 32% for stock returns.

The split up into domestic versus spillover effects on the right-hand side plots of
Figure 2 confirm that interest rate spillover effects are negligible relative to domestic
effects; that is, the effect of traditional MP shocks on international interest rates is quite
small, explaining 6.3% of total explanatory power by monetary policy. However, the
spillover effects of communication shocks (where the policy instrument is not actually
changed) exhibit higher explanatory power than those of traditional shocks (on monetary
policy decision days). These effects mostly come from pure not information shocks.

For stock returns, domestic effects of traditional shocks also have higher explanatory
power than spillover effects, but the difference is much smaller than for interest rates, and
spillover effects already account for about 21% of the total explanatory power. Recall
from Table 4 that there are particularly strong effects associated with spillover effects
from the euro area. For communication effects, both domestic and spillover communi-
cation effects account for about 23% of total explained variation, again demonstrating

the importance of these new shocks for asset prices.
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4.4 Additional results

The unconventional policies employed by central banks in the aftermath of the global
financial crisis, and interest rates moving to the zero lower bound may have caused a
structural break over our sample. We perform break tests on our main specifications
linking risk to monetary policy using the Bai, Lumsdaine, and Stock (1998) methodology.
Across several configurations, we invariably find break dates in the October-November
2008 period, but the break tests do not yield significant rejections of the no break null
and the confidence intervals for the break dates are large. Miranda-Agrippino and Rey
(2020a) also fail to find a structural break in the transmission of US monetary policy to
global asset prices after 2009. However, they do no longer find that a loosening of US
monetary policy leads to a decrease in the VIX, consistent with our full and post Great
Recession results regarding the risk channel of monetary policy (see also Section 3.3).

To better reflect the effects of the post-2008 unconventional monetary policies, we
now use alternative decompositions of monetary policy shocks, due to Swanson (2021)
for the US and to Altavilla, Brugnolini, Giirkaynak, Motto, and Ragusa (2019) for

the euro area.'”

Both build on the seminal work of Giirkaynak, Sack, and Swanson
(2005) (GSS, henceforth) but also construct quantitative easing shocks associated with
asset purchases by central banks. GSS argue that in addition to changing the Federal
funds rate, monetary policy also reveals important information about the future path of
interest rates, which may have important effects on asset prices and the economy.

Our alternative monetary policy shock measure for the US relies on high-frequency
data to separately identify surprise changes in the federal funds rate, forward guidance
and large-scale asset purchases. Swanson (2021) assumes that forward guidance shocks
have no effect on the current federal funds rate. To identify the asset purchase factor,
he assumes that this factor should be as close to zero as possible during the pre-zero-
lower-bound period. While the federal rate surprises have the largest effect at the short
end of the yield curve, forward guidance surprises have a peak influence on one-year
rates while asset purchases affect long-term (10-year) yields. Employing the methods
developed by GSS and Swanson (2021) for the US, Altavilla, Brugnolini, Giirkaynak,
Motto, and Ragusa (2019) identify four separate monetary policy shocks in the euro

area: in addition to the target rate, forward guidance and quantitative easing surprises

19We downloaded the data from Eric Swanson’s and Carlo Altavilla’s website, respectively. For the
euro area series, we extended the data to go back to 2000, using the code and the data provided by the
authors. There is a large literature investiating the effects of unconventional monetary policy, see e.g.
Neely (2015), Wright (2012), D’Amico and King (2013), and Kuttner (2018).
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similar to those defined for US data by Swanson (2021), they also detect a “timing” factor
which predominantly affects six-month interest rates. The timing surprise captures the
shift in market expectations about policy over the next few meetings, in a way that
leaves longer-term policy expectations approximately unchanged. Note that to maintain
consistency with our other monetary policy shocks, we re-sign asset purchase shocks
such that a positive shock is contractionary.

The shocks from both articles are available over our full sample period and we use
them together with our previously identified communication shocks. Importantly, these
shocks are identified through a factor model extracting information from the full-term
structure of interest rates. They do not attempt to distinguish “pure” from information
shocks as our previous shocks did. If such shocks are important in the post Great
Recession period, the signs of the effects may not always match up with our previous
findings. We relegate full tables and some more extensive discussions to the Appendix
Tables A4 (for risk) and A5 (for interest rates and stock returns), focusing here on the
key spillover findings.

In terms of the effects of monetary policy on risk, we again find that the domestic risk
effects continue to be somewhat weak with the exception of asset purchase shocks in the
euro area. In terms of spillovers, the lack of significant risk spillovers emanating from the
US is confirmed, with one exception. Asset purchase shocks do spill over significantly to
Japan. However, the sign is negative, which could mean that the asset purchase shocks
mostly acted as information shocks. Shocks originating in the euro area affecting US risk
are statistically significant for path, asset purchase and timing shocks, with the signs
not always as expected. Again, recall that for the euro area information shocks may be
particularly important. However, the asset purchase shock spillover does have a positive
sign.?’

For interest rates, we observe weak spillover effects. The only exception for traditional
shocks is that for the US, the path shock transmits to the euro area, but the effect is
only statistically significant at the 10% level.

For stock returns, we confirm that the strongest and most significant monetary policy

20Miranda-Agrippino and Nenova (2022) claim that the risk spillover effect is alive and well for both
the US and the Euro area. They focus on path and asset purchase shocks and consider regressions
that do neither control for macroeconomic announcements, nor for risk shocks. However, we verify
that the spillover effect is not statistically significant contemporaneously for the asset purchase shocks
emanating from the US, even in their empirical setup. In addition, using their econometric setup, there
is no statistical significance for risk spillovers from target shocks, the main focus of our article. These
latter regressions were not reported in Miranda-Agrippino and Nenova (2022). Note that in terms of
public availability, our paper precedes this article by a couple of years.
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spillover effects emanate from the euro area, not from the US. For the US, there is one
statistically significant spillover effect: a positive asset purchase shock (recall that is this
coded to be a contractionary shock) lowers stock market returns in the euro area, as
expected. Path, asset purchases and timing shocks emanating from the euro area all have
a statistically significant effect on US stock returns, although the signs of the coefficients
again suggest they are mostly information shocks (the exception is once again, the asset
purchase shock). We also observe statistically significant spillover effects from Japan
(especially from the path shock) to both the US and the euro area.

Finally, we observe strong and mostly significant spillover effects for the pure com-
munication shocks generated by information releases in all three countries. This again
suggests that these alternative monetary policy events are not to be ignored as a channel

of monetary policy transmission to financial markets.

4.5 Dynamic effects

So far, we have solely discussed the well-identified high-frequency effects. Of course,
much of the related literature uses relatively low frequency empirical settings, such
as vector autoregressions with monthly or quarterly data. The relative importance of
monetary policy shocks may increase if monetary policy has persistent effects. Studying
the persistence of the effects also helps interpret the economic channels behind the
results.

To do so, we compare three price change responses: (1) the contemporaneous re-
sponse or price changes from ¢ — 1 to ¢ (as in our Tables 3 and 4); (2) short-term
cumulative price changes from ¢ to t + 5; (3) long-term cumulative price changes from
t to t 4+ 21. In practice, these changes represent the same day ((1)) or cumulative log
changes/returns ((2),(3)). For the latter regressions, the standard errors use a Newey
and West (1987) serial correlation correction with 2h lags, where h is the horizon. Be-
cause there is a clear trade-off between identification and the horizon in the regressions,
we do not go beyond the one month horizon. The diagram below demonstrates the
corresponding channel interpretations, given various coefficient estimates of (1) versus

(2) and (3):
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Suppose a one unit shock has caused the price today to increase (Coeff.>0). The first
possibility is that the effect on the first day does not represent a full response, and
the effect continues in the same direction for a few days (momentum effect). A second
possibility is that the first day effect is simply permanent, and subsequent returns are
simply noise. This would be the case, for example, for a pure cash flow effect; stock prices
should increase and not change any further. Finally, discount rate effects naturally lead
to mean reversion: higher prices today reflect lower future returns. This effect cannot be
fully disentangled from a price pressure effect, apart from the fact that the latter should
be reversed in the short run, whereas the former is likely to last longer, depending on
the persistence of the interest rate or risk premium shock.

Unfortunately, the regressions prove noisy, and we relegate the full results to the
Appendix Tables A7 and A8. Here, we summarize the key findings. First, pure monetary
policy shocks on traditional monetary policy decision days induce seemingly permanent
effects on interest rates. To be more precise, there is a partial reversion of the interest
rate effect in the US, but the coefficients are statistically insignificant. In the euro
area and Japan, there is short-term momentum but it becomes insignificant at the
one-month horizon. For stock returns, the longer-term effects are mostly negative but
insignificant, for both the US and euro area. This suggests that the effects of monetary
policy on asset prices may not occur through a risk premium channel, but through a
direct interest rate channel, which has become more potent given the unusually low
interest rates in the last 10-15 years. This finding is consistent with Binsbergen (2020)’s
recent assertion that equity returns in the US show little or no evidence of any risk
premium over long term bonds. With interest rates highly persistent, interest rate
effects may mean revert extremely slowly. Japan, which featured an insignificant stock
return effect, is special in that the “pure” monetary policy effect more than reverses
and becomes statistically significantly positive at the one-month horizon. Recall that

we cannot split Japanese monetary policy shocks into pure and information shocks, but
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our pure shocks are simply target shocks (as opposed to “path” shocks). It may well
be that such shocks mix information and “pure” monetary policy shocks. The spillover
effects are either insignificant or similar (but mostly weaker) than the domestic effects.

Second, in direct contrast, the effects of risk shocks on stock prices show more evi-
dence of mean reversion. Importantly, this reversal is statistically significant for all three
economic areas and economically large. The reversal is about 16% for the US, and well
over 30% for Japan and the euro area over the course of a month. While this may seem
inconsistent with standard notions of slow-moving risk premiums as implied by habit
models (see Campbell and Cochrane (1999)), or variation in equity risk premium cap-
tured by a very persistent dividend yield variable, the result matches recent estimates
in the persistence of risk aversion measures. For example, the risk aversion index for the
US in Bekaert, Engstrom, and Xu (2022) has a 0.74 monthly autocorrelation coefficient.
These results are consistent with risk shocks affecting the risk premium on stocks, where
risk premiums may not be as persistent as previously thought. Martin (2017) also shows
that equity risk premiums do not show strong persistence.

Third, the domestic effects of information shocks emanating from the Fed and the
ECB on interest rates show momentum, with the effects larger at the one-month horizon
in a statistically significant fashion. For stock returns, the effects of an information shock
emanating from the ECB are consistent with them representing permanent cash flow
effects, both in its domestic and spillover effects. In fact, the ECB information shock
effect on domestic stock returns does exhibit week-long momentum. US information
shocks show some short-run mean reversion, which is insignificantly different from zero
at the monthly horizon.

Fourth, the effects of communication pure MP shocks, from both the Fed and the
ECB (both domestic and spillover), on stock returns exhibit significant dynamic effects
that are more consistent with the “risk channel” interpretation, with the cumulative
return effects reversing the {t-1,t} effect at month end. In contrast, for traditional pure
MP shocks, the coefficients for {t,t+h} for A > 1 remain mostly negative and are often
insignificant. Communication information shocks mostly exhibit some momentum, at
longer horizons.

Next, as a concrete demonstration, Figure 3 shows the economic magnitude of the
dynamic domestic and spillover effects of various euro area MP shocks on stock returns.
The euro area (EA) case is of particular interest because various EA shocks show sur-
prisingly strong spillover effects. The graphs on the left plot the dynamic responses
to pure monetary policy shocks, the top panel showing the effects of traditional, the
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bottom panel showing the effects of communication shocks. The domestic (spillover) ef-
fects are shaded dark blue (light blue). Clearly, the cumulative responses to traditional
shocks after the initial negative effect are all over the place and ultimately do not mean
revert at all within the month. In contrast, the communication shocks generate stronger
contemporaneous effects but the effects partially mean revert within the month. These
results are therefore consistent with either a rapidly mean-reverting risk premium effect,
or with the original effect representing temporary price pressure that is reversed quickly.

The plots on the right present analogous dynamic responses for information shocks.
There, we see that for traditional shocks, the cumulative responses show some momen-
tum that peters out at the monthly horizon, but there is clearly no mean reversion,
consistent with the contemporaneous positive response representing a permanent effect.
For communication information shocks, the responses have the wrong sign and both
the contemporaneous and dynamic responses are economically small (and statistically

insignificant).

5 Conclusion

This paper studies the effects of monetary policy and risk shocks on risk and asset
prices in a global world. Importantly, we cast a wide net in terms of monetary policy
shocks also adding “communication” shocks as defined by Cieslak and Schrimpf (2019).
Our main results for the effects of monetary policy are as follows.

First, in contrast to the extant literature focusing on a longer and low-frequency sam-
ple (Miranda-Agrippino and Rey (2020b)), we do not find evidence of the US “hegemon”
affecting risk across large advanced economies, since the turn of the century, through
traditional monetary policy shocks. Instead, we find evidence of monetary spillovers
to risk in unexpected places: Euro monetary policy shocks affecting risk in the US,
and communication shocks in both the US and euro area spilling over to risk in other
countries.

Second, despite strong and persistent domestic interest rate effects, we do not find
significant spillovers through a direct interest rate channel. Our first two empirical
findings suggest that the trilemma is alive and well.

Third, monetary policy has a strong domestic effect on stock market prices, both in
the US and the euro area and through “pure” and information shocks, and also through
communication shocks. Internationally, the economic magnitude of US spillover effects

are what would be expected given the importance of the US stock market in global
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equity markets. By contrast, spillover effects from the euro area monetary policy are
economically stronger than those emanating from the US, and certainly stronger than
one would expect given the small relative size of stock markets in Europe. Similarly,
there are relatively stronger and significant spillover effects from the euro area “pure”
communication shocks, compared to those generated by US communication shocks.

Fourth, our decomposition of traditional monetary policy shocks into pure and in-
formation shocks and the addition of communication shocks is important. The latter
account for 20% of the explanatory power of monetary policy shocks for interest rates,
and for almost 50% of their explanatory power for stock returns. For traditional shocks,
information shocks are very important contributors to the explanatory power of mone-
tary policy shocks to asset prices, representing 39.2% (64.1%) of the total explanatory
power of traditional directional shocks for interest rates (stock returns). However, for
communication shocks this fraction only amounts to respectively 19.3%, respectively
18.8%.

We also consider the effects of non-monetary policy-driven risk shocks, which are
highly correlated across countries. Not surprisingly, they have strong, mean reverting
effects on stock prices, but weaker effects on interest rates, where monetary policy effects
are relatively more important. These results, taken together with the longer-term effects
of the monetary policy shocks, support the interpretation of the monetary policy shocks
affecting equity prices through persistent interest rate effects.

In sum, our analysis mostly confirms Mr. Powell’s conjecture that the role of US
monetary policy in setting global financial conditions is exaggerated. Of course, our
analysis is restricted to the major developed economies. Kalemli-Ozcan (2019), for
example, claims that there is substantial risk spillover from US monetary policy to
emerging economies, whereas Hoek, Kamin, and Yoldas (2020) argue that the effects
differ greatly across “pure” and information shocks. Our results do implicitly suggest

global risk perceptions may not be solely or primarily driven by US monetary policy.
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Table 1: Summary statistics for monetary policy and risk shocks.

This table reports summary statistics for our main MP and risk shock measures from 2000 to 2017
(end of sample for Cieslak and Schrimpf (2019)); Panel A considers traditional shocks, Panel B
communication shocks, and Panel C risk shocks. Traditional MP shocks: For US and EA, we use
MP and central bank information shocks constructed on traditional monetary policy decision (MPD)
event dates, as recognized and produced by Jarocinski and Karadi (2020) (JK for short); for JP, we
use Giirkaynak, Sack, and Swanson (2005)’s Target and path shocks constructed on traditional MPD
event date, and we thank Kubota and Shintani (2022) (KS for short) for sharing their updated shock
data with us. Communication MP shocks: we construct our communication MP and CBI shocks
using JK’s “poor-man’s” methodology, but using non-MPD or communication event dates as collected
by Cieslak and Schrimpf (2019) (for US, EA, and JP). Within a narrow window of minus 10 min
(pre-event)~plus 20 min (post-event), if the covariance between country stock returns and changes in
3m government bond yield (10yr for Japan) is < 0 (>0), changes in 3m government bond yield are our
communication MP (CBI) shock. The choice of “communication event dates” uses the dates collected
in Cieslak and Schrimpf (2019), but minus those that overlap with Jarociniski and Karadi (2020).
Risk shocks: To obtain a country’s risk shock, we run three country-level regressions as in

Equation (2), where we project a country’s first differences in risk (VIX-squared) onto all three
countries’ monetary policy shocks (4 shocks each; 12 in total) and macro shocks (18 from US, 11 from
EA, 11 from JP), after correcting for time-zone differences; the residuals are called a country’s risk
(RI, or ri) shocks in the rest of the paper. This first pass regression results are reported in Appendix
Table A3. Traditional and communication monetary policy shocks are measured in basis points; risk
shocks are in monthly percentages squared.

Shock N Mean SD 5% 95%
Panel A. Traditional MP shocks, constructed from decision events

US traditional MP JK 153  -0.623 6.303 -11.111 6.738
US traditional CBI JK 153  -0.848 6.277 -11.075 8.313
EA traditional MP JK 277  0.355 5.508 -8.444  7.994
EA traditional CBI JK 277 -0.276 5.454  -9.770  7.977
JP Target KS 257  -0.015 0.839 -0.914 0.870
JP Path KS 257 0.017 0.754 -1.078 1.109

Panel B. Communication MP shocks, constructed from minutes/speech dates
US communication MP CS 160 -0.111 1.203 -1.000 0.625
US communication CBI CS 160 -0.136 1.209 -1.750  1.000
EA communication MP CS 90 -0.028 0.321  -0.500  0.500
EA communication CBI CS 90 0.065 0.846 -0.500  1.000
JP communication MP CS 196  -0.093 1.055 -1.360  1.028
JP communication CBI CS 196  0.095 0.941 -1.017 1.689
Panel C. Non-MP, non-Macro risk shocks

US non-MP, non-Macro Risk 4199 0.051 10.382 -9.731  9.728
EA non-MP, non-Macro Risk 4199 0.053 11.907 -12.716 13.230
JP non-MP, non-Macro Risk 4199 0.075 12.499 -11.391 12.352
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Appendix

A Additional Tables and Figures

Table Al: Full lists of macroeconomic announcements included in the regressions

Category Announcement N. Observations Release Time Start Date
Panel A. US
Consumer Confidence Conf. Board Consumer Confidence 240 10:00 1/25/2000
Consumer Confidence U. of Mich. Sentiment 480 10:00 1/14/2000
Consumption Retail Sales Advance MoM 240 8:30 1/13/2000
Employment Change in Nonfarm Payrolls 240 8:30 1/7/2000
Employment Unemployment Rate 240 8:30 1/7/2000
Employment Initial Jobless Claims 1043 8:30 1/6,/2000
External Trade Balance 240 8:30 1/20/2000
Housing Sector New Home Sales 240 10:00 1/6/2000
Housing Sector Housing Starts 240 8:30 1/19/2000
Income GDP Annualized QoQ 239 8:30 1,/28,/2000
Inflation CPI MoM 240 8:30 1/14,/2000
Inflation PPI Final Demand MoM 240 8:30 1/13/2000
Industrial Activity Industrial Production MoM 240 9:15 1/14/2000
Industrial Activity Factory Orders 240 10:00 1/5/2000
Investment Durable Goods Orders 273 8:30 1/27/2000
Investment Construction Spending MoM 43 10:00 1/4,/2000
Producer Confidence  ISM Manufacturing 240 10:00 1/3/2000
Producer Confidence  ISM Non-Manufacturing 241 10:00 1/5/2000
Panel B. Euro Area
Consumer Confidence Consumer Confidence 342 08:45 - 11:00 1/5/2000
Consumption Retail Sales MoM 225 12:00 4/5/2001
Employment Unemployment Rate 235 12:00 1/4/2000
External Trade Balance NSA 219 12:00 10/23/2001
Income GDP SA QoQ 215 08:50 - 12:00 1/13/2000
Industrial Activity Industrial Production SA MoM 268 12:00 10/24,/2000
Industrial Activity Industrial New Orders SA (MoM) 99 11:00 1/26,/2004
Inflation CPI MoM 238 12:00 1/26/2000
Inflation PPI MoM 223 12:00 1/13/2000
Producer Confidence  Business Climate Indicator 204 12:00 1/8/2001
Producer Confidence  IFO Business Climate 240 10:00 1/20,/2000
Panel C. Japan
Consumer Confidence Consumer Confidence Index 162 14:00 1/28/2000
Consumption Retail Sales MoM 201 8:50 4/28/2003
Employment Jobless Rate 239 8:30 2/29/2000
External Trade Balance 239 8:50 2/23/2000
Housing Sector Housing Starts YoY 237 12:00 1/31/2000
Income GDP SA QoQ 150 8:50 3/13/2000
Industrial Activity Industrial Production MoM 287 11:30 4/18/2000
Industrial Activity Core Machine Orders MoM 239 14:00 2/10/2000
Inflation Natl CPI YoY 237 8:00 3/31/2000
Inflation PPI MoM 239 8:50 2/10/2000
Producer Confidence = Tankan Large Mfg Index 80 8:50 4/3/2000
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Table A2: Summary statistics for dependent variables

This table reports summary statistics for the dependent variables in the regressions with monetary policy shocks.
Sample period is January 3, 2000 - December 31, 2017 (end of sample for Cieslak and Schrimpf (2019)).
VIX-squared is expressed in monthly percentages-squared, with statistics referring to the first-differences.
Three-month (3M) and 10-year (10Y) interest rates are expressed in basis points, with statistics referring to the
first-differences. All the other variables are expressed in percent (log first-differences multiplied by 100). For EA
area asset prices, the EA 3M composite rate is the GDP-weighted average of country government bond 3M rates
across 11 euro area countries (Germany, France, Italy, Spain, Netherlands, Belgium, Austria, Ireland, Finland,
Portugal, Greece); the EA log stock return is log change in the EUROSTOXX50 total return index. All raw data
mentioned above are obtained from DataStream, Bloomberg, and ECB.

Dependent Variables N Mean SD 5% 95%
VIX squared US (1st diff) 4199 -0.036 13.429 -19.464 22.160
VIX squared EA (1st diff) 4199 -0.077 11.757 -16.923 20.144
VIX squared JP (1st diff) 4199 0.017 11.811 -16.009 18.904
US 3M rate (1st diff) 4199 -0.167 4.947  -5.000  4.000
EA 3M composite rate (1st diff) 4198 -0.099 3.443 -3.530 3.162
JP 10Y rate (1st diff) 4199 -0.043 2.628 -4.000  4.000
stock returns US (log diff) 4199 0.005 1.207 -1.898  1.737
stock returns EA (log diff) 4199 -0.016 1.463 -2.386 2.224
stock returns JP (log diff) 4199 -0.004 1.520 -2.384 2.255
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B Appendix: A simple dynamic asset pricing model for
Section 2

We set out a consumption-based asset pricing model, which is a variant of the model in Bekaert,
Engstrom, and Xing (2009), BEX henceforth. The model features three key state variables,
expected consumption growth (g;), uncertainty (the conditional variance of consumption growth,
UCy), and stochastic risk aversion (RI;). The modelling of consumption and dividend growth is
simpler than in BEX, who assume they are cointegrated.

B.1 Fundamental and preferences

The dynamics of the state variables for consumption growth (Ac;;1) and its conditional mo-
ments are given by:

Acit1 = pte + gt +VUCiec i1, (B1)

UCi1 = pwe + pucUCy + oue N/ UCieuc 41, (B2)

gtr1 = pggt + Ugc \ UCtEC,t+1 +O'gg\/ Uotgg,t+1- (B3)
—_———

Aciy1—Ei[Aci1]

The risk aversion process loads on the consumption growth shock, but also features an uncorrelated
preference shock, which is heteroskedastic, that is, risk aversion becomes more variable as it
increases in value:

RAvv1 = prr + priRI + 0racVUCiec i1 + orr RIigpa 41 (B4)

Dividend growth (Ad; ) similarly loads on consumption growth and an independent homoskedas-
tic shock:

Adipy = pg + pagge + 04/ UCiec i1 + 04€dit1- (B5)

Shocks €441, EUcit1, Egit1, ERAr+1 and €441 are independently and normally distributed N (0, 1).
The agent maximizes E, [Z;’i 0 ﬁt%], with C, > H, and H, is the habit stock. Define

Q: = Cﬁth > 1. This is the inverse of Campbell and Cochrane (1999)’s surplus consumption
ratio. The equilibrium pricing kernel is M/} , = 3 M, and the equilibrium log real pricing
t+1 (Qe41/Qu)™7

kernel is,

my, = logh — yAci1 + Y(q1 — @)

=logB — y(pte + gt — prr + (1 — pri)RL) — ¥(1 — ori)\VUCiecri1 +vorivV RIiEpa 141
(B6)

In this model ¢; essentially represents stochastic risk aversion, so ¢, = RI;.
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B.2 Asset price: Real interest rate

First, the real rate in equilibrium is, (using a superscript * to denote equilibrium value)

rfi = —logE; [exp (mi1)],
= ko + kggt + k’R[R[t + kUcUCt, (B?)

where

ko = —logB3 + v(tte — tirr)

kg =7
1
krr =y(1 — prr) — 5720?%1
1
kuc = —572(1 — opac)’.

We do not model the monetary policy transmission function directly, instead assuming there exists
a non-persistent monetary policy shock, M P, ~ N(0,0,p), that can affect the various state vari-
ables directly and is uncorrelated with {e.,11,cvc 41,9041, ERAL+1, Edr+1}. This is tantamount to
adding ¢, M P,,1, with x = UC, g, and RA, to Equations (B2), (B3), and (B4), respectively. We
discuss the various channels through which such effects can occur in the main text in Section 2.

Because the shock is not persistent, it will not affect pricing equations. In addition, we must
allow for monetary policy to affect interest rates directly. Assume that there is a wedge be-
tween the equilibrium real pricing kernel and the true pricing kernel, M;,,, such that M;,; =
M, exp(—¢npMP;). This is equivalent to assuming that monetary policy affects liquidity in
the market for short term securities; a contractionary shock decreases liquidity and drives up the
liquidity premium and vice versa. Therefore, the actual real rate equals:

rfe=rf; + oupMP;. (B8)

With this structure, monetary policy potentially transmits to the real economy through an infor-
mation shock/expected cash flow channel (through ¢,), though risk channels (through ¢yc and
¢rr) and directly through ¢y p. M P, here acts as a pure term structure level factor.

For simplicity, we focus on the special case of ¢, = 0, ¢r;r = 0, and ¢yc = 0 to describe the
model solutions, which are correct up to a constant term for the general case as well.

B.3 Asset prices: Long-term real bond prices

B.3.1 Two-period zero-coupon bond price

As derived above, the price for the one-period zero-coupon real bond is,

P, = E;[exp (miy1)] = exp (A1 + Bige + C1RI + DiUC, — o p M P,) (B9)
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where

Ay = logB — y(pte — prr)
Bl = =7 — Png

1
Cy = —v(1 - prr) + 5720321

1
D, = 572(1 — ORrac)?
The price for the two-period zero-coupon real bond is,

Poy = Ey [Myy1 Pryya)

= E; |exp | myq1 + fh + Bigit1 + C1RAw 1 + DiUC 1 — QSMPMPt-&—lJ . (B10)

App1=—7fi1

We can rewrite m;y1 and A, in matrix representations:

\% Uctec,t-i—l
Vv thgRA,tJrl — oupM B,
vV UCt5c,t+1

[ gt
vV RIie
Ay = —rfrin =ABo+ Ax | RI | 4+ As ,/Uétéiiii
_UCt MPH;

mii1 = Mo +my RgtIt:| + mo l

Then, Equation (B10) can be solved as follows:

Ei(myg1) + 5Vi(mig)
Poy=expq +E(Apr) + %W(At+1)
+Covi(mys1, Ariq)

= exXp [A2+ngt—|—02RAt+D2Uct _¢MPMPt] . (Bll)
B.3.2 Term premia

The yield rate for the two-period real bond, y,; = —%, can be derived as:

Ey(myg1) + 5Vi(miga)
_ 1) +E(An)
Y26 =79 +%W(At+1)
+ Covg(mys1, Ayr1)

= —1f — oupMPF]

1. Expectations Hypothesis terms]
2. Jensen’s inequality term)]

3. Bond term premium channel]

——— —

1 1 1 1
= a(rft* -+ ngpMPt) + §Et(7’ft+1) — ZW(Tft—H) + éCovt(th, Tft+1)7 (B12)

where the term premium component tp; = Covy(mys1, 7 fi1) is given by:

tpr = (—ma,c Do) UC, + (—mo,rals pa) RIy, (B13)
\ﬁf—/ . - v
nuc NRI

which was shown in Section 2.
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B.3.3 N-period zero-coupon real bond price

By induction, it can be easily shown that
Py =exp[An + Bngt + CNRA; + DNUC, — oyp M Py, (B14)

where,

1
An = logB — ypre +yprr + An—1 + Cn_1ptrr + Dy_1pwe + E(b?\/IPO-JZWP
By = =Y — prg + Bn-1py4

1
Cy = —v(1 = prr) + Cn_1prr + 5 (Yorr + CN—1031)2
1 2 1 2 o 1 2 2

Dy = Dn_1pvc + 3 (—y(1 — ogac) + Bn_10ge + Cn_10Ral)” + §(BN71) o, + Q(DN71> ofite,
Equation (B14) shows that the price of a N-period zero-coupon real bond is determined by expected
growth, risk aversion, uncertainty, and the monetary policy shock. Intuitively, a positive MP shock
leads to a lower long-term bond price today, with the pass-through depending on the persistence
of the various shocks affecting short-term interest rate. Apart from this EH effect, the MP shock
can also affect the state variables itself through an information (expected growth) or risk (risk
aversion, uncertainty) channel.

B.3.4 Contemporaneous log long-term bond returns

Denote Y; = [g; RI, UC, MP)]". The contemporaneous log bond return, 7 = log <—PN‘”>,

Py
can be derived as follows:

gy — Et—l(gt)
RA; — E;_1(RA
=G EYe & | o EEEU Cg

MP,

(B15)

where &, €2, and &5 are implicitly defined. This equation motivates the four shocks that the paper
uses.

B.4 Asset prices: Stock price

B.4.1 Price-dividend ratio

The price-dividend ratio, PD; = E; [Mt+1 (%ﬁ’f“ﬂ, can be rewritten as,

PDt = ZEt exXp (Z mt+j + Adt+]>] . (B16)
n=1 j=1

Let F,,; denote the n-th term in the summation:

eXp (Z Myyj + Adt+j>] ) (B17)

=1

Fn,t = Et
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and F,,;D, can be interpreted as the price of zero-coupon equity that matures in n periods. We

vV Uctfc,tﬂ

can rewrite Ady, 1 = dy + dyg; + do [ } . The first term, F},, can be solved as follows:

Edt+1
Fiy = By lexp (myy1 + Adyy)]
Ei(mey) + %‘/t(mt+1) [1. Interest rate channel, = —rf — ¢ p M F}]
=expq +E(Adi) + 5Vi(Adyyy)  [2. Cash flow channel]
+Covi(myy1, Adpir) [3. premium channel (from pure cash flow)]
= exXp (6170 -+ 61’1 [gt R[t UCt}/ — ¢MPMPt> (B18)

Suppose Fiy_1; = exp <€N71,0 +en-1,1 [gt RI, Uct}/ - ¢MPMPt> = exp(fy-14), and fy_1441

VUCtEC,t+1
: VRIigRa 41
can be rewritten as fy_10+ Fn— RI, UC) + fn_ ' )
W In—10+ FN-11 [gt t t} IN-1,2 mgUC,t+1
MP,.
By induction,

N-1
Fng = Ep | exp (mys1) Eiga (eXP (Z Mitje1 = Tepje1 + Adt+j+1>)

=1
NS >
Vv

Fn_1,t41
Ei(myy1) + 2Vi(mga) [1. Interest rate channel, = —rf} — ¢pp M P,

=expq FE(fn-141) + %V;f(fN—l,t-i-l)
+(macfN-12c)UC: + (Mo gafn-12r4)RI; [2. risk premium channel]

— exp <eN,0 +eny[sn RIL UG - ngpMPt) . (B19)

Hence, the price-dividend ratio is approximately affine:

PDt = Z Et €Xp (Z mt+j + Adt+]>]
n=1 j=1
= Z Fn,t
n=1
= Y exp <en70 +ens g RIL UG - gzﬁMpMPt) , (B20)
n=1

which implies that a positive MP shock could result in a lower stock price today (hence a lower
contemporaneous stock return). Similarly, apart from this EH effect, the MP shock can also affect
the state variables itself through an information or risk channel.

B.4.2 Contemporaneous log stock returns

As previously defined, Y; = [gt RI, UC; M Pt],. We apply first-order Taylor approxima-
tions to the log stock return, from ¢ — 1 to ¢ (as our paper focuses on contemporaneous changes),
and obtain a linear system.
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n, n, Y

_ Ad, +In 1+> 7 exp(eno + €n,1Yr)
oo exp (eno + €n,1Yi1)

Zn 1 €XP (€n0+en1Y) €n,1

Zn 1 €Xp (enO +en lY) €n,1

~ Ad; + const. + y _ v
t n 14302 1exp(en 0+en, 1Y) t Zn Lexp (eno Te, 1Y) t—1
zn:l exp(en,0+en,1Y)
- Etfl(gt)
N e eq | RA — E_1(RA
g Y,y + g | P4 T Bty .

UC, — E,_1(UCy) |’
MP,

where &7, €77, and €57 are implicitly defined.

B.4.3 Equity risk premium

Given the no-arbitrage condition and that log stock return is quasi-linear and multinormal
shock assumptions, the equity risk premium can be solved as follows:

E, (7”511 Tft>+ Vt(Tt+1> COUt(mt+177"t+1)

= (_m2,0§2,c) UCt + (_mQ,cgg?RA) RItv (B22)
—_—— ————
RucC KRI

where &7, indicates the loading of r;{; on \/UCie. 41 (which comes from dividend growth’s expo-
sure to consumption shock and the expected growth’s exposure to consumption shock), and &% ,
indicates the loading of r;{ 11 0n VRIERA 41 (which comes from risk aversion).
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