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Abstract

Despite a large and growing theoretical literature on flights to safety, there does
not appear to exist an empirical characterization of flight-to-safety (FTS) episodes.
Using only data on bond and stock returns, we identify and characterize flight to
safety episodes for 23 countries. On average, FTS episodes comprise less than 5%
of the sample, and bond returns exceed equity returns 2 to 3%. The majority of
FTS events are country-specific not global. FTS episodes coincide with increases
in the VIX, decreases in consumer sentiment indicators in the US, Germany and
the OECD and appreciations of the yen and the Swiss franc. The financial, basic
materials and industrial industries under-perform in FTS episodes, but the telecom
industry outperforms. Both money market instruments and corporate bonds face
abnormal negative returns in F'TS episodes. Most commodity prices decrease sharply
during FTS episodes, whereas the gold price measured in dollars increases slightly.
Both economic growth and inflation decline right after and up to a year following a
FTS spell.
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1 Introduction

In periods of market stress, the financial press interprets extreme and inverse market
movements in the bond and equity markets often as “flights to safety” or “flights
to quality.” In particular, between August 2004 and June 2012, a period marred
by a global financial crisis, the Financial Times referred 805 times to “Flight(s)-to-
Quality” and 533 times to “Flight(s)-to-Safety.”

There is an active theoretical academic literature studying such phenomena.
In Vayanos (2004)‘s model, risk averse investment managers fear redemptions dur-
ing high volatility periods and therefore an increase in volatility may lead to a
“flight-to-liquidity.” At the same time, their risk aversion also increases, leading to
a “flight-to-safety,” meaning that they require higher risk premiums, which in turn
drives down the prices of risky assets (a flight to quality). In Caballero and Krishna-
murthy (2008), Knightian uncertainty may lead agents to shed risky assets in favor
of uncontingent and safe claims when aggregate liquidity is low thereby provoking
a flight to quality or safety. Brunnermeier and Pedersen (2009) study a model in
which speculators, who provide market liquidity, have margin requirements increas-
ing in volatility. They show how margin requirements can help cause a liquidity
spiral following a bad shock, where liquidity deteriorates in all markets, but also a
flight to quality, which they define as a sharp drop in liquidity provision for the high
margin, more volatile assets. One agent models can also generate “flights-to-safety.”
In the consumption based asset pricing literature (e.g. Barsky (1989); Bekaert et al.
(2009)) a flight to safety is typically defined as the joint occurrence of higher eco-
nomic uncertainty (viewed as exogenous) with lower equity prices (through a cash
flow or risk premium effect) and low real rates (through a precautionary savings
effect).

These articles seem to treat flights to quality, safety and/or liquidity as Justice
Potter treated porn: we know it when we see it. However, to be able to test and
refute a diverse set of theoretical models, an empirical characterization of flight to
safety episodes would appear essential. The goal of our paper is to define, detect
and characterize flight-to-safety episodes for 23 countries. In doing so, we only use
high frequency data on the prototypical risky asset (a well-diversified equity index)
and the prototypical safe and liquid asset (the benchmark Treasury bond). Beber
et al. (2009) use the Euro-area government bond market to show that in times
of market stress, investors demand liquidity rather than credit quality. Longstaff
(2004), focusing on the US Treasury market, shows that the liquidity premium in
Treasury bonds can represent up to 15% of their value. In other words, flights to

safety may be as much or more about flights to liquidity than about flights to quality.



It is therefore important to focus on a liquid bond benchmark in our work.

To define a flight to safety, we use the simple observation that it happens during
periods of market stress (high equity market volatility), entails a large and positive
bond return, a large and negative equity return, and negative high-frequency cor-
relations between bond and stock returns (which are typically otherwise positively
correlated as both represent high duration assets). We use a plethora of economet-
ric techniques to transform these features into an identification scheme for flight
to safety episodes, which we detail in Section 2. In Section 3, we then analyze
the identified flight to safety episodes in 23 countries in more detail. We find that
FTS episodes comprise less than 5% of the sample on average, and bond returns
exceed equity returns 2 to 3% on FTS days. Only a minority of FTS events can
be characterized as global (less than 30% for most countries). FTS episodes coin-
cide with increases in the VIX, decreases in consumer sentiment indicators in the
US, Germany and the OECD and appreciations of the yen and the Swiss franc.
Finally, in section 4, we characterize the dynamic cross-correlations between flights
to safety and the financial and economic environment. As just one example, we
compute flight to safety betas for various equity portfolios, and a large variety of
asset classes. The financial, basic materials and industrial industries under-perform
in F'T'S episodes, but the telecom industry outperforms. Large cap stocks outper-
form small cap stocks. All these returns control for systematic exposure. For the
bond market, we find that both money market instruments and corporate bonds
face abnormal negative returns in F'T'S episodes. Most commodity prices decrease
sharply during FTS episodes, whereas the gold price measured in dollars increases
slightly. We also investigate the link with the real economy. Both economic growth
and inflation decline right after and up to a year following a F'TS spell.

There are, of course, a number of empirical papers that bear some indirect rela-
tionship to what we attempt to accomplish. Baele et al. (2010) show that a dynamic
factor model with standard fundamental factors fails to provide a satisfactory fit for
stock and bond return comovements. The ability of the model to capture episodes
of negative stock-bond return correlations only improves when stock-bond illiquidity
factors (potentially capturing “flight-to-liquidity”) and the VIX (potentially captur-
ing “flight-to-safety”) are included. Connolly et al. (2005) and Bansal et al. (2010)
show that high stock market uncertainty is associated with low correlations be-
tween between stock and bond returns, and higher bond returns at high frequencies.
Goyenko and Sarkissian (2008) define a flight to liquidity and/or quality using illiq-
uidity in short-term (non-benchmark) US Treasuries and show that it affects future

stock returns around the globe. Baur and Lucey (2009) define a flight to quality as



a period in which stock and bond returns decrease in a falling stock market and dif-
ferentiate it from contagion, where asset markets move in the same direction. They
define the 1997 Asian crisis and the 1998 Russian crisis as flight to safety episodes.
The recent financial crisis also sparked a literature on indicators of financial instabil-
ity and systemic risk which are indirectly related to our flight to safety indictor. The
majority of those articles use data from the financial sector only (see e.g. Acharya
et al. (2011); Adrian and Brunnermeier (2011); Allen et al. (2012); Brownlees and
Engle (2010)), but Hollo et al. (2012) use a wider set of stress indicators and we

revisit their methodology in Section 2.2.2.

2 Identifying Flight-to-Safety Episodes

2.1 Data and Overview

Our dataset consists of daily stock and 10-year government bond returns for 23
countries over the period January 1980 till January 2012. Our sample includes
two countries from North-America (US, Canada), 18 European countries (Austria,
Belgium, Czech Republic, Denmark, France, Finland, Germany, Greece, Ireland,
Italy, Netherlands, Norway, Poland, Portugal, Spain, Sweden, Switzerland, UK), as
well as Australia, Japan, and New-Zealand. We use Datastream International’s total
market indices to calculate daily total returns denominated in local currency, and
their 10-year benchmark bond indices to calculate government bond returns. For the
countries in the euro zone, we use returns denominated in their original currencies
(rather than in synthetic euros). For these countries, we take the returns on German
Government bonds as benchmark, wheareas for the other European countries, we
use the return on their own government bonds. More details as well as summary

statistics can be found in the Appendix.

2.2 Measures of Flights to Safety

Our goal is to use only these bond and stock return data to identify a flight-to-
safety (FTS henceforth) episode. From the theoretical literature the symptoms
of a flight to safety are rather easy to describe: market stress (high equity and
perhaps bond return volatility), a simultaneous high bond and low equity return,
low (negative) correlation between bond and equity returns. We use 4 different
indicators. The first two are simple indicator variables that turn the incidence of
(a subset of) the symptoms into a [0,1| indicator, with 1 indicating a sure FTS
episode, and 0 indicating with certainty that no F'TS took place. The last two use a



regime switching model to identify the probability of a flight to safety based on its
symptoms. In the following sub-section, we detail these various approaches, whereas

section 2.3 discusses how to aggregate the measures into one F'T'S indicator.

2.2.1 A Flight-to-Safety Dummy

Our simplest measure identifies a flight-to-safety event as a day with both an (ex-
treme) negative stock return and an (extreme) positive bond return. The flight-to-

safety indicator F'T'S for country ¢ at time t is calculated as:
FTS;;=1 {rﬁt > Zi,b} x I {Tit < Zi,s} (2.1)

where [ is an indicator function, and rf,t and r;, the time ¢ returns in country i
for respectively its benchmark government bond and equity market. We allow for
different values for the country-specific thresholds z;, and z; ;. As a starting point,
we assume both of them to be zero, z;;, = 2; ; = 0. Alternatively, because flights-to-
safety are typically associated with large drops (increases) in equity (bond) prices,
we use thresholds:

Zip =K X Opp Zis=—HK X O (2.2)

where o0;;, and o, are the full-sample country-specific return volatilities for bond
and stock returns, respectively. Consequently, equity (bond) returns must be k
standard deviations below (above) zero before we identify a day to be a FTS day.
Table 1 reports the incidence of F'T'S under the simple indicator model for differ-
ent threshold levels k. We focus on the fractional number of instances (as a percent
of the (country-specific) total number of observations) because the number of obser-
vations across countries varies. The number of FTS instances decreases rapidly with
the threshold level, from about 1/4th of the sample for x = 0 to mostly less than 3
percent for k = 1. Less than half a percent of days experience bond and stock re-
turns that are simultaneously 2 standard deviations above/below zero, respectively.
To benchmark these numbers we conducted a small simulation experiment. Imagine
that bond and stock returns are normally distributed with their means, standard
deviations and correlations equal to the ensemble averages over the full sample of
23 countries'. In such a world, we would expect flights to safety to be quite rare
compared to the real world with fat tails, negative skewness and time-varying cor-

relations. The last line in the table reports FTS numbers for the simulated data. It

!The equally-weighted unconditional annualized equity and bond return means (volatilities) in
percent are 10.78 (19.5) and 7.39 (5.83) respectively. To annualize, we assume there are 252 trading
days per year. The unconditional correlation is -0.09.



is reasonable to expect that extreme FTS events are more common in the data than
predicted by the unconditional multivariate normal distribution. However, until
k = 1, the percentage of F'T'S instances in the data is actually lower than predicted
by the normal model. This suggests to use a k > 1 for our definition of a F'TS.

To get a sense of what happens on such extreme days, Table 2 reports the
average difference between bond and equity returns on flight to safety days. The
return differential increases from 1.20 percent for x = 0 to over 3.19 percent for
k = 1 to more than 5 percent for kK = 2. On extreme FTS days, when k = 4, the
return impact increases to 9.28 percent on average, exceeding more than 12 percent
in the Czech Republic, the UK, New Zealand, and Ireland.

2.2.2 Ordinal FTS Index

Here we quantify the various F'TS symptoms extracted from bond and equity returns,
and use the joint information about their severity to create a composite FTS index.
We use 6 individual indicators, either positively (4) or negatively (-) related to F'TS

incidence:
e The difference between the bond and stock return (-+)

The difference between the difference between the bond return and its 250

moving average and the equity return minus its 250 days moving average (+)

The short-term stock-bond return correlation (-)

The difference between the short and long-term stock-bond return correlation
(-)

The short-term equity return volatility (+)

e The difference between the short and long-term equity return volatility (+)

Most of these indicators are self explanatory. Because the macro-economic environ-
ment may affect returns and correlations, we also consider return and correlation
measures relative to time-varying historical benchmarks (250 day moving averages).

To estimate the short and long-term volatilities and correlations, we use a simple
kernel method. Given a sample from ¢t = 1,..,7T, the kernel method calculates

stock and bond return variances and their pairwise covariance/correlation at any



normalized point 7 € (0, 1) as:

JzT:ZtT:l K, (t/T—T)Tﬁt, i=35,b
Osbr = 23:1 Kh (t/T - 7-) TstTb

— 2 ;2
Pspr = O—S»bﬂ'/ Ub,TJs,T

where K}, (2) = K (z/h) /h is the kernel with bandwidth » > 0. The kernel deter-
mines how the different observations are weighted. We use a two-sided Gaussian
kernel with bandwidths of respectively 5 (short-term) and 250 (long-term) days

(expressed as a fraction of the total sample size T'):

K () = \/12_7Texp (%2)

Thus, the bandwidth can be viewed as the standard deviation of the distribution,
and determines how much weight is given to returns either in the distant past or
future. For instance, for a bandwidth of 5 days, about 90% of the probability
mass is allocated to observations +6 days away from the current observation; for a

bandwidth of 250 days, it takes £320 days to cover 90% of the probability mass®.

We use a two-sided symmetric kernel rather than a one-sided and/or non-symmetric

kernel because, in general, the bias from two-sided symmetric kernels is lower than
for one-sided filters (see e.g. Ang and Kristensen (2012)).

We aggregate the individual F'TS indicators into one composite F'T'S indicator
using the “ordinal” approach developed in Hollo et al. (2012) who propose a com-
posite measure of systemic stress in the financial system. As a first step, we rank
the indicators that increase with FTS (bond minus stock returns, short-term equity
market volatility, and the difference between short and long-term equity market
volatility) from low to high, and those that decrease with the likelihood of FTS
(short-term stock-bond correlation, difference between short and long-term stock
bond correlation) from high to low. Next, we replace each observation for indica-
tor ¢ by its ranking number (;; divided by the total number of observations 7', i.e.
iy = Cit/T, so that values close to one (zero) are associated with a larger (lower)
likelihood of F'T'S. For instance, a value of 0.95 at time ¢, for say short-term equity
return volatility would mean that only 5 percent of observations over the full sample
have a short-term equity volatility that is larger or equal than the time ¢, value.

Consequently, we take at each point in time the average of the ordinal numbers for

>To ensure that the weights sum to one in a finite sample, we divide by their sum.



each of the six indicators?.

The ordinal approach yields a number for each indicator that can be interpreted
as a cumulative density function probability, but it does not tell us necessarily the
probability of a flight to safety. For example, numbers very close to 1 such as 0.99
and 0.98 are likely both flights to safety, but whether a number of say 0.80 is a
FTS or not is not immediately clear. Despite the imperfect correlation between the
different indicators, the maximum ordinal numbers for the composite index are quite
close to 1 for all 23 countries varying between 0.9775 and 0.9996. To benchmark our
numbers, we first collect the ordinal numbers of the days that satisfy all the “mild”

FTS —symptoms. In particular, these are days featuring:
1. A positive bond-stock return difference

2. A positive difference between the bond return minus its 250 day moving aver-

age and the stock return minus its 250 day moving average
3. A negative short-term stock-bond return correlation

4. A negative difference between the short and long-term stock-bond return cor-

relation

5. A value for short-term equity return volatility that is more than one stan-
dard deviation above its unconditional average (that is, larger than double its

unconditional average)
6. A positive difference between the short and long-term equity return volatility.

We view the minimum of this set of ordinal indicator values as a threshold. All ob-
servations with an ordinal number below this threshold get a FTS Ordinal Indicator
equal to zero. It would appear unlikely that such days can be characterized as flights
to safety. For observations with an ordinal number above the threshold, we set the
FTS Ordinal Indicator equal to one minus the percentage of “false positives”, calcu-
lated as the percentage of observations with an ordinal number above the observed
ordinal number that are not matching our FTS criteria. The number of false pos-
itives will be substantial for observations with relatively low ordinal numbers (but
still above the minimum threshold) but close to zero for observations with ordinal

numbers close to 1.

3We also considered taking into account the correlation between the various indicators as sug-
gested by Hollo et al. (2012), where higher time series correlations between the indicators increase
the stress indicator’s value. However, our inference regarding FTS episodes was not materially
affected by this change.



The left panel of Figure 1 plots the F'TS Ordinal Indicators and corresponding
threshold levels for the US, Germany, and the UK; the right panel shows the derived
FTS probabilities. Values with a probability larger than 50% are depicted in black,
values below 50% in light grey. The percentage of days that have an ordinal indicator
value above the threshold ranges from 6% of the total sample for Germany to 9%
for the UK. Of those observations, about 65% have a FTS probability larger than
50% in the UK, compared to about 75% in the US. In Germany, this proportion
even exceeds 98%.

We further characterize FTS incidence with the ordinal indicator in Table 3.
The threshold levels show a tight range across countries with a minimum of 0.65
and a maximum of 0.80. The mean is 0.72. The percentage of sample observations
above the threshold equals 10.5% with an interquartile range of 9.3%-11.4%. The
raw ordinal indicators seem to display consistent behavior across countries. Our
indicator is also influenced by the number of false positives above the threshold
value. Therefore, the third column shows the percentage of observations above the
threshold that have a FTS ordinal indicator larger than 50%. The mean is 52.9%
and the interquartile range is 39.1%-64.9%. Germany proved to be an outlier with
98.7% and the minimum value of 18.59% is observed for the Czech Republic. The
final column assesses how rare F'T'S episodes are according to this indicator. The
percentage of observations with an FTS ordinal indicator larger than 50% as a
percentage of total sample is 5.2% on average, with an interquartile range of 4.6%-

6.3%. The range is quite tight across countries (minimum of 2.7%, maximum of

7.9%).

2.2.3 A Univariate Regime-Switching FTS Model

Define y;, = rf}t — 174, wWith rf, the stock return for country ¢ and rf’t the return on
the benchmark government bond for that country. We model y;, as a three-state
regime-switching model. We need two regimes to model low and high volatility that
are typically identified in RS models for equity returns (see Ang and Bekaert (2002)
and Perez-Quiros and Timmermann (2001)). The third regime then functions as the
FTS regime. The regime variable follows a Markov Chain with constant transition

probabilities. Let the current regime be indexed by v.

Yit = Miw T Oin€it (2.3)

with €;; ~ N (0,1). The means and volatilities can take on 3 values. Of course, in

a I'TS, y;+ should be high. To identify regime 3 as the flight-to-safety regime, we



impose its mean to be positive and higher than the means in the other two regimes,
ie. piz > 0,053 > i, i3 > fi2. The transition probability matrix, ®;, is 3 x 3,
where each probability py; represents P [S;; = k| S;,—1 = j], with k,j € {1,2,3} :

plﬁ plﬁ (1 - plﬁ - pél)
¢; = Pia Phy (1= piy — Phy) (2.4)
(1 — phy — Ph3)  Dhs Pha

Panel A of Table 4 reports the estimation results. The first column reports
detailed estimation results for the US, followed by the average estimate and in-
terquartile range across all 23 countries. Regime 1 is characterized by low volatility,
and a significantly negative bond-stock return difference for all countries. This is in
line with the expectation that equities outperform bonds in tranquil times. Regime
2 corresponds to the intermediate volatility regime, and also features a mostly nega-
tive bond-stock return difference, yet typically of a smaller magnitude than in regime
1 and often not statistically significant. Annualized volatility is about double as high
in regime 2 than in regime 1 (20.1% versus 10.5%).

Average volatility in regime 3, the FTS regime, is on average more than 47%,
which is more than 2.35 (4.5) times higher than in regime 2 (1). Looking at the
interquartile range, the bottom volatility quartile of the FTS regime is nearly double
as high as the top volatility quartile of regime 2. The mean bond-stock return
difference amounts to about a quarter of a percent on average (significantly different
from zero at the 5% (10%) level in 11 (16) of the 23 countries), with an interquartile
range of [0.198%; 0.271%|. While this is a relatively small number, the effect is
substantially higher on days that the FTS jumps to the “on” state (1.09% on average,
with an interquartile range of 0.73%-1.33%).

The FTS regime is the least persistent regime (with an average probability of
staying of 94.7% versus 98.1% for regime 1 and 96.7% for regime 2). The average F'TS
spell lasts 26.4 days. The large interquartile range (35.2 versus 17.2 days) reflect the
substantial cross-sectional dispersion in the average FTS regime durations across
countries. There are an average of 26 F'TS spells in the sample. This number is
somewhat hard to interpret as the sample period varies between 23 years and less
than 13 years across different countries. Yet, most of the spells occur in the second

half of the sample, and the number is useful to compare across models.

2.2.4 A Bivariate Regime-Switching FTS Model

The univariate RS FTS model uses minimal information to identify FTS episodes,

namely days of relatively high differences between bond and stock returns. While for



most countries, the FTS regime means were quite substantially above zero, it is still
possible that such a high difference occurs on days when both bonds and equities
decrease in value, but the equity market, the more volatile market, declines by more.
To make such cases less likely, and to incorporate more identifying information, we
estimate the following bivariate model for stock and bond returns in each country

(we remove the country subscript ¢ for ease of notation):

ret = oo+ aljﬁﬁ + ongShft + o3 (JtFTS + vSfTS) + €51, (2.5)
gst ~ N (0, hs (57)) (2.6)
oy = Bo+ 511]2,}; + 521](% + B3 (JtFTS + UStFTS) +
(Ba+ BsSET5) ros + v, epe ~ N (0,0,_1hy (S7)) (2.7)

The variance of the stock return shock follows a two-state regime-switching model
with latent regime variable S7. The variance of the bond return shock has two
components, one due to a spillover from the equity market, and a bond-specific
part. The latter follows a two-state regime-switching square-root model with latent
regime variable S¢; 6,_; is the lagged bond yield*. J! and JI} are equal to 1 when
the equity return shock variance switches regimes (from low to high or high to low),
and zero otherwise. We expect ay to be negative and a, to be positive. JJ/; and
Jp; are defined in a similar way (but depend on the bond return shock variance).
Without the jump terms, regime switching models such as the one described above
often identify negative means in the high volatility regime. However, we would
expect that there is a negative return when the regime jumps from low to high
volatility but that the higher volatility regime features expected returns higher not
lower than the low volatility regime. The jump terms have this implication with
a; < 0 and ag > 0. There is a mostly unexpected negative (positive) return when
the regime switches from the low (high) volatility to the high (low) volatility regime.
Within the high volatility regime, there is some expectation that a positive jump
will occur driving the mean higher than in the low volatility regime where there is
a chance of a jump to a high volatility regime. This intuition was first explored and
analyzed in Mayfield (2004).

The structure so far describes a fairly standard regime switching model for bond
and stock returns, but would not allow us to identify flights to safety. Our identifi-

cation for the flight to safety regime uses information on the means of bonds versus

4By making the bond return shock variance a function of the (lagged) interest rate level, we
avoid that the high volatility regime is only observed in the first years of sample, as the early 1980s
is a period of high interest rates.

10



equities, on equity return volatility and on the correlation between bond and stock
returns. Let S/79 be a latent regime variable that equals 1 on FTS days and zero
otherwise. We impose a3 < 0 (stock markets drop during FTS episodes), 53 > 0
(bond prices increase during FTS), and 55 < 0 (the covariance between stocks and
bonds decreases during FTS episodes). It is conceivable that a flight to safety lasts
a while, but it is unlikely that the returns will continue to be as extreme as on the
first day. Therefore we introduce the JI7® variable, which is 1 on the first day of
a FTS-regime and zero otherwise, and the v—parameter. The azand 3 effects are
only experienced “in full” on the first day but with v restricted to be in (0, 1) ,the
negative (positive) flight-to-safety effect on equity (bond) returns is allowed to de-
cline after the first day. We assume S? and SI7® to be independent Markov chain
processes. For S7, we assume that the equity volatility regime is always in the high

volatility state, given that we experience a FTS episode:
Pr(S;=1/8;,,5"=1)=1 (2.8)

Panel B of Table 4 summarizes the estimation results. The jump terms have
the expected signs for the equity market (and are mostly significant) but for bond
returns, the results are more mixed. We clearly identify a high and low volatility
regime for both the bond and the stock market, with volatilities typically about
twice as high in the high volatility regime. In terms of the parameters governing
the F'TS regime, we find that as is -7.863% in the US, and -5.03% on average, with
a substantial interquartile range (|-7.42%, -1.29%]). Not surprisingly, the v-scaling
parameter is mostly rather small (interquartile range of [0.015,0.062]), indicating

®. For bond returns, 33 is

that a F'TS mostly only induces one day of heavy losses
0.72% on average, but it is also often drawn to the lower boundary of zero. Finally,
we do find that (35 is statistically significantly negative, indicating that a FTS induces
a negative covariance between bond and stock returns (or at least one lower than
the covariance in non-FTS regimes). As reflected by the average and interquantile
values for (3, the average stock-bond correlation in 'normal’ times is relatively close
to zero in our sample.

We do find that the bivariate model predicts FTS spells to last substantially
longer than in the univariate model, namely an average of 89.9 days in the US and
86.6 days on average in all countries (but with a substantial interquartile range
of [58-101]). The number of FTS spells is on average even smaller than for the

univariate model, but there are more spells in the US (24) relative to the univariate

>The average value for v (0.156) is higher than the value for the top quartile because a small
number of countries have a value of v close to one (but also a low absolute value for as).
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model (18).

2.3 Aggregate FTS Incidence

At this point, we have transformed data on bond and stock returns and simple
information about the “symptoms” of a F'T'S into 4 noisy indicators on the presence
of a FTS regime. All 4 indicators are between 0 and 1 and can be interpreted
as a measure of the probability of being in a FTS regime. For the FTS dummy
approach, we select kK = 1.5 as the preferred method, because it gives an incidence
of F'TS regimes somewhat similar to the Ordinal FTS index, and to make FTS
episodes suitably rare relative to what we expect from a normal distribution (see
Section 2.2.1). In general, these two methods yield a relatively low incidence of FTS
regimes, whereas the regime-switching approach delivers relatively persistent F'T'S
regimes and classify more periods into the FTS regime. Table 5 (right hand side
columns) reports the average number of days classified as FTS regimes for the 4
approaches. For most countries, the proportion of time spent in an FTS-episode
increases monotonically moving from the threshold index (0.96% on average) to
the ordinal index (4%), then to the univariate regime switching model (9.76%) and
finally the bivariate model (14.83%). Within each method, the interquartile ranges
are quite tight, ranging from 0.74%-1.16% for the threshold index to 2.6%-5.3% for
the ordinal index to 8%-11.9% and 13%-17.7% for the univariate and bivariate RS
models, respectively.

To infer whether a particular day suffered a flight to safety episode, we must
use the imperfect information given in the indicators to come up with a binary
classification. There is of course a large literature on classification that suggests
that the optimal rule (in the sense that it minimizes misclassification) is to classify
the population based on the relative probability. Given that there are two regimes,
a probability of a flight to safety higher than 0.5 would lead to the conclusion that
there is a flight to safety. Unfortunately, this literature assumes that we do observe
the true regime for at least a sub-set of the population which we do not (see e.g.
Gilbert (1968)).

To aggregate the information in the 4 indicators, we use two methods. A first
naive aggregator is simply to average the probabilities at each point of time and
then to use that average to infer whether there is a flight to safety or not. A second
method, which leans more on the extant literature on regime classification based on
qualitative variables, recognizes that if three of the 4 variables indicate a flight to
safety, we should be rather confident a flight to safety indeed occurred. Using the
probabilities of the 4 indicators, we therefore classify a day as a F'TS, if the joint
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probability that at least 3 out of 4 FTS indicators are 1 is higher than 0.55. We also
record that joint probability as a measure of the strength of our confidence.

Given these two aggregation methods, we record the proportion of time spent in a
FTS episode in Table 5 (left columns). The average proportion is 4.7% (interquartile
range of 3.2%-6.4%) using the average measure and 2.36% (interquartile range of
1.8%-3.0%) using the joint probability measure. In Table 6, we report the “return
impact” (bond return minus equity return) both on FTS and non-FTS days. The
rarer nature of F'TS episodes under the joint probability measure translates into a
higher return impact of 2.91% on FTS days versus 1.76% for the average measure.
The interquartile range for the return impact measure is relatively tight for both
measures. As expected, on non-FTS days, the return impact measure is slightly
negative (-0.08%), reflecting the on average higher return on stocks than on bonds
in tranquil times.

Figure 2 plots the aggegrate F'TS indicators for the US. The top panel plots the
average FTS indicator together with the corresponding FTS dummy (one when the
average indicator > 0.5, and zero otherwise). The middle and bottom panel plot the
joint measure and the corresponding joint F'TS probability. Both measures largely
select the same periods as FTS episodes, and are highly correlated at 84.8%. The
main difference between both measures is that F'TS episodes are slightly longer last-
ing for the average measure than for the more demanding joint measure. Generally,
the joint probability measures on FTS dates are rather close to one. Table 7 shows
that this correlation is near the top of the range among our different countries. On
average, the correlation is 67.8% with an interquartile range of 60.5%-75.3%. On
average, the “average” measure is most highly correlated with the F'TS indicator de-
rived from the univariate RS model, whereas the joint probability measure is most
highly correlated with the ordinal measure. In Panel B, we report correlations using
weekly data. The weekly FTS indicators are dummies with a value equal to one if at
least one day within that week is a F'T'S day according to that specific indicator, and
zero otherwise. Weekly correlations are quite a bit higher than daily correlations,
suggesting that the different indicators do tend to select similar F'TS spells, with

small timing and persistence differences. We further characterize F'T'S in Section 3.

6We assume that the FTS indicators are independent for this computation.
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3 Characterizing F'TS Episodes

To characterize the nature of FTS episodes, we investigate returns before, on and
after F'T'S episodes; examine their comovement across countries and how they cor-
relate with alternative indicators of market stress, uncertainty and risk aversion.
Figure 3 plots returns in the equity and bond market as well as the difference be-
tween the bond and equity return, averaged over the 23 countries, ranging from 30
days before to 30 days after a F'T'S event. In the graphs on the left, F'T'S is identi-
fied using the average measure, in the graphs on the right the joint probability FTS
measure is used. The solid lines take all F'TS days into account, even if the previous
day was also a FTS day. The dotted lines show returns and return impact around
the first day of a FTS spell only. The solid lines indicate that the FTS events are
characterized by very sudden simultaneous drops in the equity market and increases
in the bond market, as expected. For the average (joint probability) measure, the
average equity return is -1.49% (-2.44%) and the average bond return is +0.28%
(0.47%). These FTS-events do seem to occur in periods when equity returns are
already slightly negative and bond returns slightly positive. Somewhat oddly, just
before the start of an F'TS episode, we see somewhat substantial positive equity
returns and negative bond returns (see the dotted line).

Figure 4 plots the percentage of countries experiencing a FTS at each point in
time. The FTS indicators clearly select well known global crises as global FTS
events, including the October 1987 crash, the 1997 Asian crisis, the Russian crisis
and LTCM debacle in 1998, the Lehman Brothers collapse and several spells during
the European sovereign debt crisis. Defining a global FTS as one where at least two
third of our countries experience a F'TS, there are a total of 109 days of global FTS
according to the average measure, but only 39 days according to the joint probability
measure. In Table 8, we report the proportion of F'T'S spells that are global in nature.
The cross-country average of local F'T'S spells that are global in nature amounts to
32.5% for the average indicator and 23.7% for the joint measure. The interquartile
ranges are 21%-30.8% and 13.3%-22.2%, respectively. Large developed countries
such as the US, the UK and Germany (reported separately) feature a relatively
low proportion of global spells, suggesting they are more subject to idiosyncratic
flights to safety. While the interquartile ranges are relatively tight, a number of
small countries, such as Norway, the Czech Republic and Poland have unduly high
proportions of global FTS episodes (more than 70% under the average measure).

Our FTS indicators require minimal data inputs and provide a high frequency
reading of flight to safety episodes. Of course, there are other financial indicators

that may allow identification of a flight to safety episode. In Table 9, we investigate
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the comovement between our FTS indicators and three types of alternative stress
indicators. First, we investigate the well-known US VIX index, the option - implied
volatility on the S&P500 which is generally considered to be a fear index. We use
daily changes in the index as the dependent variable in a regression on our FTS
indicators. Second, we investigate a series of sentiment/confidence indicators. The
sentiment variables include the Baker-Wurgler sentiment indicator (purged of busi-
ness cycle fluctuations) and the Michigan consumer sentiment index which measure
sentiment in the US; the Ifo Business Climate indicator (which measures sentiment
in Germany) and the OECD consumer confidence indicator (seasonally-adjusted).
We use changes in these indices as the dependent variable. Because these sentiment
variables are only available on a monthly basis, we regress them on the fraction of
days of FTS instances within the month (expressed in %). Finally, we regress the
percentage change in value of two safe haven currency values (i.e. the Swiss Franc,
the Japanese Yen and an equally-weighted portfolio of the two) on the FTS indicator
using daily data. Note that the currencies are expressed in domestic currency units
per unit of the safe currency and positive values indicate an appreciation of the safe
currency.

Panel A of Table 9 shows the results for average FTS measure, Panel B for the
joint probability FTS measure. We show slope parameter estimates for the US,
Germany and the UK, as well as the average, standard deviation and top/bottom
quartile parameter estimates across all 23 countries. The last column shows the
number of countries for which the parameter estimates are significant. We focus
the discussion on Panel A. The VIX, despite being a risk-based measure, increases
significantly during FTS episodes for all countries (in the Netherlands the coefficient
is only significant at the 10% level). There is clear evidence of a significant decline
in consumer and business sentiment during F'T'S episodes. The Baker-Wurgler sen-
timent indicator and the Michigan consumer sentiment decrease significantly when
there is FTS in the US. The Michigan index also reacts significantly to flight to
safety instances in Germany and the UK, despite these countries witnessing only a
limited number of global flights to safety (see Table 8). There are another 6 coun-
tries, whose F'T'S episodes have a significant effect on the Michigan index, but only
4 significant coefficients for the regression involving the Baker-Wurgler index. The
Ifo business climate indicator declines significantly in times of FTS for all but one
country. This is somewhat surprising as this indicator measures the German busi-
ness climate. A FTS negatively affects OECD consumer confidence in 19 countries,
as measured by the country-specific OECD indicator of consumer sentiment. The

OECD consumer confidence indicator also reacts negatively to F'TS events in 19 out
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of 23 countries. The 4 countries for which the FTS coefficient is not significant are
Australia, New Zealand, Ireland and Spain. Thus, the latter two measures seem to
somehow be linked to F'TS events across the globe.

There is also strong evidence of a flight to safe haven currencies in times of a F'TS.
On average, during a FTS day, the Swiss Franc and the Japanese Yen appreciate
respectively by 0.22% and 0.43%. The effect is statistically significant for most
countries, but for the US, we only find the appreciation of the Japanese Yen to be
statistically significant on FTS days. The results in Panel B for the joint probability
measure are largely consistent with the results in Panel A, both qualitatively and

even quantitatively.

4 FTS and the Economic and Financial Environ-

ment

In this section, we examine the comovement of FTS spells and financial returns on
the one hand and indicators of the real economy on the other hand. Our goal is again
to document comovements rather than to explain or look for causality. Before we
begin, we provide one other indicator of the importance of FTS. Tt is to be expected
that bond and stock returns, the two major asset classes, are positively correlated
as they both represent long duration assets. Over our sample period, which starts
fairly late in 1980, this correlation is nonetheless negative for 19 out of 23 countries.
It is conceivable that this negative correlation is mainly caused by the relatively
high incidence of F'T'S in the last 30 years. If such a “F'T'S-heavy” era is not likely to
occur again in the near future, investors may want to re-assess the computation of
the bond-stock return correlation. To assess the importance of FTS events for this
important statistic, we eliminated F'T'S events in each country from the sample and
recomputed the stock-bond return correlation. The stock-bond return correlation
is 4.25% on average in “normal” periods (interquartile range of [-0.6%,5.2%]) and
-9.12% overall (interquartile range of [-13.1%,-5.3%]).

4.1 FTS and Stock Portfolios

To assess the FTS “beta” of different stock portfolios, we regress the daily returns
on various stock portfolios onto the FTS indicator, but also on two controls for
“standard” systematic risk, the world market return and the local stock market
return, both measured in local currency units. As a consequence, the FTS beta

must be interpreted as the abnormal return earned during F'TS episodes, controlling

16



for normal beta risk. Importantly, it does not indicate which portfolios perform
best or worst during FTS spells, as portfolios with positive (negative) FTS betas
may have also high (low) market betas, making them perform overall relatively well
(poorly) during an F'TS spell. We also tried a specification with interactions between
the FTS indicator and the benchmark returns, but this specification often runs into
multi-collinearity problems and the results are therefore omitted.

Table 10 reports the FTS betas for 10 industry portfolios (using the Datastream
industry classification) and the MSCI style portfolios (large caps, mid caps, small
caps, value and growth). The style portfolios also include a SMB portfolio (i.e. the
return of the small cap portfolio minus the return on the large cap portfolio) and
a HML portfolio (i.e. the return of the value portfolio minus return on the growth
portfolio). All regressions use daily returns. Panel A shows the results for average
FTS measure, Panel B for the joint probability FTS measure, both described in
Section 2.3. We show the estimates for the US, Germany and UK, as well as the
average, standard deviation and top/bottom quartile parameter estimates across all
23 countries. We focus the discussion on Panel A but the results in Panel B are very
similar.

For the industry portfolios, there are industries which show globally significant
out- or underperformance during a FTS, even controlling for their “normal” betas.
The three under-performing industries are financials, basic materials and industrials.
The inter-quartile range is negative for these industries and the F'TS beta statisti-
cally significant in more than half the countries. The only “defensive” industry is
telecom, which increases by 22 bps on a FTS-day, controlling for its normal beta.
Other industries show strong but country-specific results. For instance, the tech-
nology sector significantly outperforms in the US, but underperforms in Germany
and the UK. In terms of style portfolios, large cap portfolios have positive FTS
betas, whereas small cap portfolios have negative F'TS betas. Value portfolios tend
to have negative FTS betas and growth portfolios positive ones, but the betas are
small and the results are statistically weaker than for the size portfolios. This is
naturally confirmed when we look at spread portfolios, where the SMB portfolio
is significantly negative in 20 out of 23 countries, but the HML portfolio is only

significantly negative in 6 countries.

4.2 FTS and Bond Portfolios

For bond returns, we follow a similar procedure as for equity returns, controlling for
the normal exposure to the long-term benchmark bond in each regression. When

we investigate corporate bond returns we also control for the local stock market
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return. Table 11 reports the F'TS betas for the bond portfolios. The bond portfolios
include JP Morgan cash indices (1, 2, 3, 6 and 12 months), benchmark Datastream
government bond indices (2, 5, 7, 10, 20 and 30 year) and BOFA ML coporate bond
indices (with respectively AAA, AA, A and BBB ratings). The corporate bond
indices are only available for the US, Japan, Canada, Australia and the Eurozone
as a whole. We use the Eurozone corporate bond index for regressions with F'T'S
indicators of FKuropean countries and the corporate bond index of Australia for the
regression with the F'TS indicator of New Zealand. Further, we consider two spread
portfolios, the 10 year bond return minus the 2 year bond return and the return on
the BBB portfolio minus the return on the AAA portfolio. Thus, the first portfolio
primarily reacts to changes in the term spread, and the second to changes in default
risk. All returns are daily and denominated in local currency.

Panel A shows the results for average F'TS measure, Panel B for the joint prob-
ability FTS measure. We show slope parameter estimates for the US, Germany and
UK, as well as the average, standard deviation and top/bottom quartile parame-
ter estimates across all 23 countries. For the US, there is a very pronounced term
structure shift in F'TS episodes, with short term bonds underperforming and long
term bonds (the 20-30 year bonds) outperforming. When looking across all coun-
tries, the result that remains pervasive is the under-performance of money market
instruments relative to the benchmark bond by an average of 5 to 6 basis points.
However, the very long term bonds do not necessarily outperform relative to the
benchmark bond, probably reflecting the liquidity advantages of the benchmark
bond. The spread’s portfolio outperformance in the US and UK does not generally
extend to other countries. Corporate bonds underperform controlling for their usual
exposures to the stock market and the bond market, with the underperformance be-
coming larger and more significant for lower rated bonds, although the F'T'S betas of
A and BBB-rated bonds are quite similar. Note that the betas of corporate bonds to
the long-term bonds are around 0.4 and slightly decreasing for lower ratings whereas
the equity betas are minuscule. Hence, corporate bonds almost surely outperform
equities during F'TS-episodes. The “default spread” portfolio has a significantly neg-

ative F'TS beta in all 23 countries.

4.3 FTS and Commodities

In Table 12, we report regression coefficients from a regression of the S&P GSCI
benchmark commodity index returns on the F'TS indicator. These returns reflect
the returns on commodity futures contracts worldwide. We consider broad indices

(Commodity Total, Energy, Industrial Metals, Precious Metals, Agriculture, Live-
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stock) and subindices (Crude Oil, Brent Crude Oil and Gold). As before, we inves-
tigate daily returns, but there is no natural risk correction for normal times, so the
slope coefficient now simply measures the differential return on FTS days relative
to normal days. The table has the exact same structure as the previous tables for
bonds and equities. We note that commodity prices generally decline on FTS days
and using the average measure the returns are significantly negative with averages
ranging from an average across countries of minus 20 basis points for Livestock to
minus 97 basis points for Brent Crude Oil. Using the joint probability measure, the
returns are larger in absolute magnitude. They are mostly statistically significant
for all countries. There is one, not entirely surprising, exception: precious metals
and its main component gold. There are significantly positive gold futures returns
measured in dollars, but this significance extends only to 4 countries (or 11 using the
joint probability measure). Of course, the dollar measurement is the most relevant
as for other countries the gold futures return reflects both changes in the gold price

and changes in the dollar’s value relative to the local currency.

4.4 FTS Episodes and the Real Economy

In Table 13, we investigate the comtemporenous comovement between F'TS episodes
and the real economy. We regress a number of real economy variables on the fraction
of days of F'TS instances within the month (expressed in decimals). We investigate
the following variables: inflation, industrial production growth (IP), the unemploy-
ment rate and the OECD leading indicator (available monthly); GDP growth and
investment/GDP (available quarterly). For inflation, IP growth, GDP growth, the
unemployment rate and investment growth, we also have survey forecasts and we use
both the mean and the standard deviation of individual forecasts (available monthly,
in %). The growth variables are computed as the next quarter value relative to the
current value (in %). The unemployment rate (in %), the OECD leading indicator,
investment/GDP (in %) and the survey forecast variables are computed as absolute
differences between the next quarter value and the current value. Panel A shows
the results for the average F'T'S measure, Panel B for the joint probability FTS
measure. We focus the discussion on Panel A but the results in Panel B are analo-
gous. GDP growth and IP growth decrease significantly immediately following F'T'S
episodes for respectively 20 and 8 countries. The average growth and the interquar-
tile range across countries are strictly negative. Inflation is significantly lower right
after F'T'S episodes for most countries. Unemployment increases significantly for 16
out of 23 countries. The mean survey forecasts reveal a significant and negative

effect for the real growth variables and inflation and a significant and positive effect
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for unemployment and this is true for most countries (although forecasts data is
not available for all countries/variables). Forecast uncertainly (as measured by the
standard deviation of individual forecasts) does not change significantly during F'TS
episodes.

In Table 14, we investigate whether FTS predicts future economic performance.
We regress the cumulative one year growth or increase in the economic variables
on the fraction of days of FTS instances within the month (expressed in decimals).
The cumulative one year growth in GDP, industrial production and CPI (inflation)
is computed as the next year value relative to the current value (in %). The increase
in the unemployment rate (in %), the OECD leading indicator, investment /GDP (in
%) and private credit to business/GDP (in %) is computed as the absolute difference
between the next year value and the current value. F'TS predicts negative one-year
growth in industrial production and GDP for all countries. The effect is significant
for most countries. Unemployment is expected to increase substantially after the
year following a FTS spell. Inflation also declines significantly for most countries.
Note that the economic magnitudes are very large. For example, GDP growth would
be predicted to be 4.2% lower if all days within a month were categorized as a FTS
(FTS incidence = 100%). Of course, such a month is never observed as the maximum
FTS incidence is 67.2%. The two last results are perhaps initially counterintuitive.
High FTS incidence predicts an increase in the OECD leading indicator one year
from now. Of course, recall that the contemporaneous (one quarter ahead) response
of the OECD indicator to a FTS spell was negative. As the OECD aims to predict
the business cycle with a 6 to 9 months lead, this suggests that the economy is
expected to rebound within two years. However, while significant in the US, UK
and Germany, we do not observe it for all countries. The private credit to GDP
variable also yields mixed results, but on average private credit to GDP increases
after a F'TS spell. This may simply mean that GDP falls faster than the extension

of credit.

5 Conclusions

We define a flight to safety event as a day where bond returns are positive, equity
returns are negative, the stock bond return correlation is negative and there is market
stress as reflected in a relatively large equity return volatility. Using only data on
equity and bond returns, we identify FTs episodes in 23 countries. On average,
FTS episodes comprise less than 5% of the sample, and bond returns exceed equity

returns 2 to 3%. FTS events are mostly country-specific and less than 30% can
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be characterized as global. Nevertheless, our methodology easily identifies major
market crashes, such as October 1987, the Russia crisis in 1998 and the Lehman
bankruptcy as FTs episodes. FTS episodes coincide with increases in the VIX,
decreases in consumer sentiment indicators in the US, Germany and the OECD
and appreciations of the yen and the Swiss franc. The financial, basic materials
and industrial industries under-perform in F'T'S episodes, but the telecom industry
outperforms. Money market securities and corporate bonds have negative “FTS-
beta”. Most commodity prices decrease sharply during FTS episodes, whereas the
gold price measured in dollars increases slightly. Both economic growth and inflation
decrease immediately following a FTS spell, and this decrease extends to at least
one year after the spell.

We hope that our results will provide useful input to theorists positing theories
regarding the origin and dynamics of flights to safety, or to asset pricers attempting
to uncover major tail events that may drive differences in expected returns across
different stocks and/or asset classes. They could also inspire portfolio and risk

managers to look for portfolio strategies that may help insure against F'T'S-events.
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Table 2: Return Impact on FTS Days

This table reports the average impact, measured as the difference between the daily bond
and stock return, on FTS days, for different threshold levels &.

Return Impact on FTS days, in %
0 0.5 1 1.5 2 2.5 3 3.5 4

US 1.25 235 3.50 4.63 6.11 6.73 792 794 8.89
Germany 1.14 224 3.00 395 4.7 543 6.18 6.69 6.77
UK 1.10 2.06 3.18 441 5.75 7.08 881 9.99 12.09
Switzerland 0.87 192 290 380 499 546 597 5.65 594
Japan 1.12 2.01 3.02 3.83 4.79 5.64 5.86 - -
Canada 1.06 2.02 3.00 430 582 6.26 7.28 889 8.89
Sweden 1.44 244 3.55 4.7 647 733 7.16 - -

Australia 1.13 2.01 3.01 4.08 500 546 6.13 6.59 6.59
Denmark 1.08 1.90 282 3.69 415 499 5.23 5.23 -
France 1.18 214 3.12 3.84 483 5.74 7.01 6.83 9.48

Belgium 098 1.96 2.77 3.63 4.67 547 6.49 737 7.35
Italy 1.29 228 348 4.32 5.27 5.87 6.64 887 8.87

New Zealand | 0.90 152 2.24 3.17 4.80 5.53 691 13.97 1397
Netherlands 1.13 215 311 399 512 6.15 7.25 874 9.72

Ireland 1.13 221 328 433 563 7.31 947 1232 13.96
Spain 1.26 223 3.21 4.11 5.29 6.23 7.03 846 8.62
Austria 0.98 2.06 297 3.77 445 544 6.32 7.89 844
Czech Republic | 1.31 2.34 3.48 4.60 554 6.46 9.11 12.02 12.02
Finland 1.65 281 388 493 6.11 6.73 746 9.14 9.14
Greece 1.48 256 3.72 492 6.04 6.82 7.35 8098 -
Norway 1.38 237 3.54 489 584 6.72 814 9.04 7.86
Poland 1.64 275 3.86 5.02 6.00 6.76 7.28 7.74 -
Portugal 1.03 195 275 3.70 461 5.71 599 7.00 851
Average 1.20 219 3.19 4.20 5.31 6.15 7.09 854 9.28
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Table 3: The Ordinal F'TS Indicator

This table reports summary statistics for the Ordinal F'TS Indicator discussed in Section
2.2.2. The first column reports summary statistics for the threshold level, calculated as
the minimum of the ordinal numbers on days that satisfy a set of “mild” F'TS conditions.
Column 2 reports the percentage of observations that have an ordinal number above this
threshold. Column 3 reports how much of those observations have an ordinal indicator
larger than 50 percent (calculated as 1 minus the percentage of false positives, i.e. the
percentage of observations with an ordinal number above the threshold that are not meeting
our FTS criteria). Column 4 shows the percentage of observations in the full sample that
have an ordinal FTS indicator larger than 50%.

Threshold % observation % (obs > threshold) % obs with

Level > Threshold with indicator > 0.5 indicator > 0.5
US 0.772 6.9% 75.4% 5.2%
Germany 0.781 6.5% 98.7% 6.4%
UK 0.728 9.0% 65.3% 5.9%
Mean 0.723 10.5% 52.9% 5.2%
Median 0.723 10.3% 57.0% 5.1%
Min 0.650 4.8% 18.6% 2.7%
Max 0.804 19.3% 98.7% 7.9%
Interquartile 0.710 9.3% 39.1% 4.6%
Range 0.728 11.4% 64.9% 6.3%
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Table 4: Estimation Results Regime-Switching FTS models

Panel A presents the estimation results for the Univariate 3-state Regime-Switching model
described in Section 2.2.3. Panel B reports estimation results for the Bivariate Regime-
Switching FTS model with jump terms as described in Section 2.2.4. We show detailed
estimation results for the US, as well as the average and top/bottom quartile parameter
estimates across all 23 countries. *** ** and * represent statistical significance at the 1
and 5 percent level, respectively. FTS duration is expressed in days.

Panel A: Univariate 3-state RS FTs Model
us Average 6th 17th
Regime-dependent Intercepts (expressed in daily %)

1 -0.046***  -0.057 -0.079  -0.039

142 -0.014 -0.020 -0.050  -0.007

143 0.218%* 0.249 0.198 0.271
Annualized Volatility Estimates

o1 0.097*** 0.105 0.087 0.122

09 0.195%** 0.201 0.166 0.217

o3 0.465%** 0.473 0.408 0.498
FTS duration 36.3 26.7 17.2 35.3

# spells 18 26.4 17 31

Panel B: Bivariate RS FTs Model
us Average 6th 17th
Equity: Intercept + Jump Terms (expressed in daily %)

Qg 0,076%** 0.069 0.050 0.085
aq -1.275%* -2.359 -2.0563  -0.246
o) 1,732%%%* 3.020 1.257 1.989
Bond: Intercept + Jump Terms (expressed in daily %)
Bo 0,02%** 0.030 0.029 0.033
51 -0.360 -0.775 -0.923  -0.327
B -0.691*** -0.242 -0.578 0.068
FTS Estimates (expressed in daily %)
Qas -7,863**F* 50286  -7.4159 -1.2872
53 0.0001 0.7237 0.0179  0.6736
v 0,012%** 0.1561 0.0146  0.0615
Beta Estimates
B4 0,178%** 0.0307 -0.0055 0.0382
55 -0,344***  .0.1667 -0.1974 -0.1114

Annualized Volatility Estimates
he (S§=1)  0,104*** 01100  0.0930 0.1316
he (S§=2)  0,255%*F 02860  0.2464 0.3245
he (S?=1)  0,021%%  0.0157  0.0132  0.0180
he (S?=2)  0,048%%*  0.0357  0.0314 0.0382
FTS duration ~ 89.9 86.6 58.0 1013
# spells 24 16.0 10.0 18.5
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Table 5: Percentage Number of FTS Instances

This table reports the percentage number of days that a F'T'S is observed according to our
two aggregate measures (columns 1 and 2) and four individual measures (columns 3 to 6).

Aggregate Measures Individual Measures

Country Average Joint Prob. | Threshold Ordinal Univ RS Bivar RS
US 3.91 2.84 0.90 5.17 7.98 21.74
Germany 4.95 3.92 1.19 6.37 11.31 26.77
UK 5.22 3.51 0.63 5.86 9.40 23.17
Switzerland 3.02 2.17 0.74 5.68 7.05 6.95
Japan 1.34 0.50 0.61 3.07 5.49 12.96
Canada 4.36 2.52 0.69 4.74 8.56 19.26
Sweden 6.41 4.03 0.58 6.66 14.59 28.24
Australia 3.21 1.03 0.88 1.80 3.72 17.71
Denmark 6.55 2.30 0.67 2.42 12.00 17.74
France 4.59 3.02 1.31 6.34 7.85 17.32
Belgium 7.11 3.51 1.06 4.34 8.83 16.66
Italy 4.42 2.34 1.28 3.28 8.17 10.16
New Zealand 0.81 0.33 0.72 1.82 1.99 1.78
Netherlands 9.60 4.40 1.23 5.29 12.18 17.26
Ireland 6.38 2.53 1.08 3.69 8.89 14.29
Spain 7.87 4.23 1.46 5.67 12.09 23.73
Austria 6.15 2.56 1.16 3.08 11.91 14.50
Czech Republic 1.53 0.57 0.84 2.59 2.96 5.55
Finland 7.73 2.75 1.12 4.76 19.20 14.80
Greece 5.33 1.80 0.87 2.52 19.75 13.08
Norway 0.58 0.08 0.74 0.16 10.83 0.12
Poland 1.45 0.53 0.94 2.07 10.88 3.46
Portugal 5.52 2.79 1.27 4.65 8.85 13.75
Average 4.70 2.36 0.96 4.00 9.76 14.83
Median 4.82 2.53 0.92 4.17 9.14 14.81
Min 0.58 0.08 0.58 0.16 1.99 0.12
Max 9.60 4.40 1.46 6.66 19.75 28.24
Interquartile 3.21 1.80 0.74 2.59 7.98 12.96
Range 6.38 3.02 1.16 5.29 11.91 17.74
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Table 6: Return Impact on FTS Days

This table reports the return impact - the difference between the bond and stock return
- on FTS days as identified by the two aggregate (columns 1 and 2) where we also record
the return impact on non-FT'S days, and four individual measures (columns 3 to 6).

Average measure

Joint Prob. Measure

Individual Measures

FTS non-FTS

FTS non-FTS

Threshold Ordinal Univ RS Bivar RS

Us 253% -0.12% | 2.86% -0.10% 4.63% 2.33% 0.18% 0.14%
Germany 2.46%  -0.14% | 2.63% -0.12% 3.95% 2.24% 0.30% 0.12%
UK 1.99%  -0.12% | 2.43% -0.10% 4.41% 2.04% 0.17% 0.08%
Switzerland 2.34%  -0.09% | 2.53% -0.08% 3.80% 1.98% 0.33% 0.33%
Japan 3.20% -0.04% | 3.81% -0.01% 3.83% 2.52% 0.22% 0.17%
Canada 2.13%  -0.10% | 2.86% -0.08% 4.30% 2.16% 0.20% 0.15%
Sweden 237%  -0.18% | 2.80% -0.13% 4.77% 2.53% 0.11% 0.15%
Australia 1.13%  -0.04% | 3.58% -0.04% 4.08% 2.35% 0.54% 0.11%
Denmark 0.65%  -0.06% | 1.68% -0.05% 3.69% 1.52% 0.23% 0.16%
France 2.25%  -0.13% | 2.67% -0.11% 3.84% 2.27% 0.36% 0.16%
Belgium 0.51%  -0.06% | 1.37% -0.07% 3.63% 1.17% 0.23% 0.16%
Italy 0.89% -0.07% | 2.24% -0.08% 4.32% 2.02% 0.30% 0.23%
New Zealand | 2.07%  -0.02% | 4.03% -0.01% 3.17% 1.51% 0.47% 0.75%
Netherlands 0.42%  -0.07% | 1.57% -0.09% 3.99% 1.42% 0.28% 0.18%
Ireland 0.78%  -0.08% | 2.58% -0.09% 4.33% 1.73% 0.36% 0.24%
Spain 0.64% -0.07% | 1L.71% -0.09% 4.11% 1.50% 0.26% 0.13%
Austria 0.80% -0.07% | 2.30% -0.07% 3.77% 1.90% 0.20% 0.13%
Czech Republic | 2.73%  -0.07% | 4.55% -0.05% 4.60% 2.34% 0.18% 0.29%
Finland 0.55%  -0.07% | 2.39% -0.09% 4.93% 1.99% 0.08% 0.16%
Greece 0.86% -0.06% | 3.09% -0.07% 4.92% 2.52% -0.04% 0.16%
Norway 527%  -0.06% | 6.19% -0.03% 4.89% 4.37% 0.33% 0.83%
Poland 3.09% -0.05% | 5.05% -0.03% 5.02% 3.76% 0.29% 0.30%
Portugal 0.93%  -0.05% | 1.94% -0.05% 3.70% 1.52% 0.38% 0.32%
Average 1.76%  -0.08% | 2.91% -0.07% 4.20% 2.16% 0.26% 0.24%
Min 0.42%  -0.18% | 1.37™% -0.13% 3.17% 1.17% -0.04% 0.08%
Max 527%  -0.02% | 6.19% -0.01% 5.02% 4.37% 0.54% 0.83%
Interquartile | 0.80%  -0.09% | 2.30% -0.09% 3.83% 1.73% 0.20% 0.15%
Range 23™%  -0.06% | 3.09% -0.05% 4.60% 2.34% 0.33% 0.24%
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Table 8: The Incidence of Global FTS

This table reports how many of the local F'TS days are global in nature. At the left, FTS
instances are identified using the average measure, at the right using the joint measure.
We define a FTS event global when at least 2/3rds of all countries experience FTS on
that same day. We report country-specific statistics for the US, Germany, and the UK,
and summary statistics (average, min, max, interquartile range) for our full sample of 23

countries.
Average Measure Joint Prob. Measure
# FTS +# global % global | # FTS # global % global
us 327 84 25.7% 238 31 13.0%
Germany 414 99 23.9% 328 39 11.9%
UK 437 103 23.6% 294 39 13.3%
Average 341.3 82.7 32.5% 174.8 28.9 23.7%
Min 29 22 13.4% 4 2 5.4%
Max 804 108 75.9% 368 39 75.0%
Interquartile 209 66 21.0% 67 19 13.3%
Range 437 101 30.8% 243 39 22.2%
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Table 9: FTS Indicators and Alternative Stress Indicators

‘This table reports regression coefficients from a regression of changes in the VIX, sentiment
variables and safe have currency values on the FTS indicator (instances). The VIX and
safe haven currency values (i.e. the Swiss Franc, the Japanese Yen and an equally-weigthed
portfolio of the two) are available on a daily basis and are regressed on the FTS dummy.
The sentiment variables are available on a monthly basis and are regressed on the fraction of
days of F'T'S instances within the month (expressed in %). The VIX and sentiment variables
are expressed in absolute changes. The currency values are expressed in percentage changes
in value (country currency per unit of safe currency). The sentiment variables include
the Baker-Wurgler sentiment indicator (purged of business cycle fluctuations) and the
Michigan consumer sentiment index which measure sentiment in the US, the Ifo Business
Climate indicator (sentiment in Germany) and the OECD consumer confidence indicator
(seasonally-adjusted). Panel A shows the results for the average F'T'S measure, Panel B for
the joint probability FTS measure, both described in Section 2.3. We show slope parameter
estimates for the US, Germany and UK, as well as the average, standard deviation and
top/bottom quartile parameter estimates across all 23 countries. The last column shows
the number of countries for which the parameters estimates are significant at the 5% level.
foack Ak and * represent statistical significance at the 1, 5 and 10 percent level, respectively.

Panel A: Average Measure

US Germany UK Mean Std 6th 17th | Sign.
Volatility
VIX 2.881*FF  1.704*%+*  1.482*** | 1.261 0.964 0.387 1.975 22
Sentiment
Baker-Wurgler | -0.011** -0.004 -0.005 -0.007 0.010 -0.011 -0.001 4
Michigan -0.038*%%  -0.045%**  -0.037*** | -0.032 0.029 -0.038 -0.017 8
Ifo Business -0.026%**  -0.028*** -0.022*** | -0.030 0.031 -0.028 -0.016 22
OECD -0.004***  -0.003***  -0.002*** | -0.003 0.002 -0.003 -0.002 19
Currencies
Swiss Franc 0.044 0.167***  0.213*** | 0.219 0.299 0.042 0.290 19
Japanese Yen | 0.169***  0.298***  (0.386*** | 0.430 0.485 0.158 0.443 21
EW 0.107***  (0.233***  0.299*** | 0.325 0.388 0.102 0.366 22
Panel B: Joint Probability Measure

US Germany UK Mean Std 6th 17th | Sign.
Volatility
VIX 3.283%%x  1.832%**  1.524**F | 1.900 1.146 1.240 1.832 23
Sentiment
Baker-Wurgler | -0.011** -0.002 -0.006 -0.017 0.034 -0.011 0.000 )
Michigan -0.032 -0.044%*  -0.049*** | -0.069 0.129 -0.044 -0.021 5)
Ifo Business -0.030*%**  -0.029***  -0.032*** | -0.049 0.044 -0.043 -0.028 20
OECD -0.004***  -0.004***  -0.003*** | -0.004 0.004 -0.006 -0.002 18
Currencies
Swiss Franc 0.060 0.162%*  0.259*** | 0.452 0.613 0.119 0.333 21
Japanese Yen | 0.200***  0.306***  0.495%** | 0.895 1.034 0.330 0.715 22
EW 0.130%**  0.234***  0.377** | 0.673 0.800 0.234 0.522 23
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