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Highlights

e We examines fundamental linkages between stock markets and safe haven assets.

e We develop a two-factor, regime-based volatility spillover model

e The risk exposures of safe havens with respect to global and regional stock market
shocks display significant time variation

e <Precious metals exhibit positive risk exposures regional and global stock market
shocks during high volatility periods

Abstract

This paper examines the fundamental linkages between stock markets and safe haven assets
by developing a two-factor, regime-based volatility spillover model with global and regional
stock market shocks as risk factors. The risk exposures of safe havens with respect to global
and regional stock market shocks are found to display significant time variation and regime-
specific features, with the exception of VIX for which consistent negative risk exposures are
observed with respect to both global and regional stock market shocks. While traditional safe
havens like precious metals exhibit positive risk exposures to both regional and global stock
market shocks during high volatility periods, Swiss Franc, Japanese Yen and U.S. Treasuries
are found to display either insignificant or negative risk exposures during market stress
periods to equity market shocks, implying these assets would serve as more effective hedges
(or safe havens) for equity investors. Our findings highlight the importance of dynamic
models in assessing the linkages between safe haven assets and stock returns as static models
would introduce large biases in diversification measures and optimal hedge ratios.
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1. Introduction

The global financial crisis and the prolonged uncertainty in the Eurozone have exposed
financial markets to significant volatility on a global scale. Structural changes in global risk
appetite, largely driven by financial market uncertainty in developed nations, coupled with
increased global economic integration, dragged numerous emerging stock markets down even
though those markets had no significant exposure to the credit market issues that plagued
Western markets. For example, although the U.S. market that was the source of the credit
market crisis suffered about a 35% loss in the S&P 500 index in 2008, shifts in global risk
sentiment hit emerging markets particularly hard, wiping out almost half of total stock market
capitalizations during the same period in developing nations including S. Arabia, Kuwait,
Qatar, Turkey and Egypt in addition to other emerging markets in Latin America and Asia.

Given the significant risk exposure of emerging markets with respect to global financial
market risks (as experienced during the 2007/2008 crisis) and the lack of locally available
risk management tools to hedge financial market risks, a natural research question is the role
of global safe haven assets as a risk management tool for stock market investors, particularly
in emerging markets. Considering the increase in cross-border capital flows and greater
integration in economic activity across the developed and emerging market economies, one
can argue that any structural change in economic dynamics in one region will have spillover
effects in other parts of the world, suggesting possible synchronization in regime transitions
globally. Clearly, this is not only a matter of importance for corporations and domestic
investors in emerging markets regarding the management of currency and stock market risk
exposures locally, but also for central banks and policy makers in order to understand risk
exposures of local markets with respect to global market risks and design market mechanisms
and tools that can benefit investors and corporations.

Following the global financial crisis, the literature on safe haven assets has witnessed a surge
in the number of studies that examine the performance of various potential safe havens for
stock and bond investors. Most studies, however, have particularly focused on gold as the
traditionally accepted safe haven. A number of papers including Capie et al. (2005), Baur and
Lucey (2010), Baur and McDermott (2010), Hood and Malik (2013), Reboredo (2013),
Gurgun and Unalmis (2014) and Bredin et al. (2015) have examined whether gold can serve
as a safe haven for stock and/or bond investors in developed stock markets, while recent
studies by Ciner et al. (2013) and Agyei-Ampomabh et al. (2014) have expanded the set of
potential safe havens to other assets including oil, currencies and industrial metals. These
studies have generally produced evidence in favor of gold as a safe haven and /or hedge for
financial investors, while exceptions are documented in some cases [e.g. Hood and

Malik (2013) in favor of VIX; Agyei-Ampomah et al. (2014) in favor of industrial metals].!
Focusing on gold, recently, Boako et al. (2019) document a significant co-jump of gold and
stock market returns, rejecting the safe-haven attribute of gold. At the same time, studies
including Ranaldo and Soderling (2010) and Grisse and Nitschka (2015) have focused on the
so-called safe haven currencies that can be used to hedge portfolio values against global risks.
These studies generally document safe haven characteristics of the Swiss Franc and Japanese
Yen against other currencies, in response to increased volatility in financial markets.

Most of the studies in the safe haven literature, however, do not distinguish between financial
market shocks that can be due to developed markets (as in the case of the credit crunch of
2007/2008 or Eurozone debt crisis) or regional market dynamics. From an economic point of
view, assuming that international markets are not necessarily perfectly integrated,
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distinguishing between (partial) global and regional stock market shocks allows one to assess
the safe haven potential of these assets for investors in different domestic markets (or
regions). To that end, it can be argued that the current literature on safe havens provides an
incomplete assessment of the fundamental linkages between financial market shocks and safe
haven asset returns. Furthermore, most studies in this strand of the literature utilize static
models that ignore the time variation in risk exposures and instead, model structural breaks
using (i) dummy variables to represent extreme market conditions (e.g. Baur and

Lucey, 2010; Baur and McDermott, 2010; Hood and Malik, 2013; Gurgun and

Unalmis, 2014; and Agyei-Ampomabh et al., 2014); (ii) quantile regressions (e.g. Ciner et al.,
2013); or (iii) copulas to assess extreme market dependences (e.g. Reboredo, 2013).

This study examines the fundamental linkages between stock markets and various safe haven
assets from a novel angle by developing a two-factor volatility spillover model with
developed and regional stock market shocks as risk factors. Unlike most studies in the safe
haven literature that focus on gold as the traditionally accepted safe haven (e.g. Baur and
Lucey, 2010; Baur and McDermott, 2010; Hood and Malik, 2013; Agyei-Ampomah et al.,
2014), we examine various financial and real assets including precious metals, US Treasury
securities as well as VIX and currency futures and examine the risk exposures of these assets
with respect to developed and regional stock market shocks during normal and stressed
market periods. From an economic point of view, the two-factor model allows us to assess
the potential of these assets as hedges or safe havens with respect to local and global risks in
stock portfolios. From an econometric point of view, unlike the existing literature that has
largely utilized a static specification which uses dummy variables to represent market stress
periods, we adopt a regime-switching framework and examine the structural breaks and time-
variation in the linkages between safe havens and stock market shocks by formally
differentiating between market states that can be characterized by calm and stressed market
periods. By doing so, this study contributes to the strands of the literature on safe havens and
financial integration.

Our empirical analysis suggests that the risk exposures of safe haven assets with respect to
global and regional stock market shocks display significant time variation and regime-
specific features. All safe haven assets are generally found to carry low risk exposures, well
below unity, with respect to stock market shocks, implying the relative segmentation of these
assets from equity markets. Traditional safe havens like precious metals are found to exhibit
positive risk exposures to both regional and global stock market shocks during market stress
periods, underscoring the increased demand for these assets during crisis periods. We argue
that the positive risk exposures observed for precious metals diminish the potential benefits
of these assets as hedges or safe havens. On the other hand, we find that Swiss Francs,
Japanese Yen and U.S. Treasuries display either insignificant or negative risk exposures
during market stress periods, implying that these assets would serve as better hedges or safe
havens for equity investors. Interestingly, VIX futures are found to exhibit consistently
negative risk exposures with respect to both global and regional market shocks across both
market regimes, suggesting that these securities could serve as more effective hedges against
stock market shocks.

The analysis of variance ratios indicates that the large percentage of the conditional variance
of the excess returns on safe haven assets is due to idiosyncratic shocks, further supporting
the relative segmentation of these assets from stock markets in general. While shocks related
to emerging and Latin American markets are found to be partially significant in the
conditional volatility of precious metal returns, Euro area shocks are found to account for



about 17% of the conditional volatility of excess returns in Swiss Francs. Similarly,
developed market shocks are found to account for about 10% of the conditional volatility for
the Yen and U.S. Treasuries. Overall, our findings underscore the importance of structural
breaks and time-variation in the linkages between safe haven assets and stock returns and
imply that static models would introduce large biases in diversification measures as well as
optimal hedge ratios.

The remainder of the paper is organized as follows. Section 2 presents the methodological
details regarding the two-factor model. Section 3 reports the empirical findings on risk
exposures and the analysis of variance rations. Section 4 concludes the paper.

2. Methodology
2.1. Model specification

We develop a two-factor model to examine the fundamental linkages between safe haven
assets and stock markets. Unlike other empirical studies in the safe haven literature, the two-
factor specification allows us to distinguish between shocks due to developed markets (e.g.
the credit crunch of 2007/2008) and regional shocks that can be specific to a certain region.
From an economic point of view, distinguishing between (partial) global and regional stock
market shocks allows us to assess the safe haven potential of various assets for individual
markets (or regions). From an econometric perspective, as mentioned earlier, the two-factor
model offers a clear advantage as, unlike the existing literature that has largely utilized a
static specification which uses dummy variables to represent market stress periods, it utilizes
a regime-switching framework and examines the structural breaks and time-variation in the
linkages between safe havens and stock market shocks by formally differentiating between
market states that can be characterized by calm and stressed market periods.

We begin by describing developed market shocks as an obvious risk factor driving financial
market dynamics globally. Considering the evidence of a significant U.S. monetary policy
effect on emerging economies (e.g. Anaya et al., 2017) and the suggestion by Miranda-
Agrippino and Rey (2015) and Rey (2018) of a global financial cycle in capital flows, driven
in part by U.S. monetary policy and risk aversion in global markets, one can argue that
developed market shocks would serve as a major factor driving regional and local stock
market shocks. For this purpose, we specify developed market shocks by decomposing excess
returns for developed markets (Rq, /) into expected and unexpected components as

Ry = pags,, +¢f€ Ras 1 +eay
t ., i",.'?,._la t (1)

where Sz ¢ € {1, 2} is the latent regime variable following a two-state, first order Markov

process #454is regime dependent intercept. In this specification, developed market
(idiosyncratic) shock is represented by the term &4, «, with

Edr ~ tid (U’ Ui)

In the next step, the excess return (R, ) on a regional market m is formulated as a function of
the systematic component based on the regional market's sensitivity to developed market

gl : . o
shocks (" ™Sm¢) and the equity market shock (e ) specific to the region given by
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Ry = Hm,S,, , T f:’f.lt., Rd:t 1T 'ﬁi’::ql Rm:f 1+ Emit @)
. . . .S . . f.-'-"d g . .

In this specification, 7= is a regime dependent intercept and * "*+*= is the regime

specific return spillover from the developed market to regional market. The unexpected

P S
. . Emt = j‘d . Edt T Emyt gy . .
component is specified as 7S , where 9.t is the regime-specific

risk exposure of market m with respect to developed market shocks and &4, s the developed
market shock described in Eq. (1). Thus unexpected component of the market excess return is
partly driven by the developed market shock, €4 1, and the idiosyncratic shock, em, +. This
specification provides a flexible framework in that it allows for partial segmentation of
regional stock markets from their advanced counterparts via the idiosyncratic error term, €m, .
Again, following the regime-based specification, the latent regime variable for the regional
market takes values 1 or 2, i.e. Sm ¢ € {1, 2}.

Next, following a number of works in the safe haven literature (e.g. Baur and

McDermott, 2010; Baur and Lucey, 2010; Hood and Malik, 2013) suggesting that financial
market shocks drive the demand for safe haven assets, particularly during periods of market
stress, we next formulate a dynamic, two-factor model of excess returns for safe haven assets
(Rsn, ¢) as a function of their exposure to developed and regional market shocks as well as an
idiosyncratic component as follows

Lol : sl
Rt = Msh,Sa, T (-'t'.w'fl..‘i'ﬂ-.r Rap 1+ E,-t"'ﬁ;l__gﬂl_r Rm:t 1T {p:;:gl Rspp-1 + Esh,t 3)

b L
where is the regime dependent intercept, and Psh.Suns and PahiSns is the regime
specific return spillover from the developed market and regional market to safe heave asset,
respectively. The unexpected component of the safe heave asset is driven by the developed
market shock €4 +, , the regional market shock e, 1, and the idiosyncratic shock &, +, i.e.

am - i - ad
shit — .l'f?. - Emg T _5j1. g . Edt T Esht 87 o 8% o .
§ sh. S : sh, S 8 . Here, sh, S s and sh, S s measure the risk

exposure of safe haven asset returns with respect to regional and developed market shocks
during various market states. From an economic point of view, the two-factor model
distinguishes between (partial) global and regional market integration of safe haven assets
and allows us to assess their safe haven benefits with respect to local and global risk
exposures of equity portfolios. A similar specification has also been adopted in Baele (2005),
Baele and Inghelbrecht (2009, 2010) and Balcilar et al. (2015) to distinguish between risk
exposures due to local and global risk factors. In our application, the two-factor model allows
us to separately assess the effect of shocks emanating from advanced markets and shocks that
are driven by regional risk factors.

ru'.'ilr.'.uc;,:,__l

(TL

The two-factor model provides several significant advantages from an econometric point of
view as well. First, compared to the existing studies in the safe haven literature, the two-
factor model provides a more comprehensive framework to model the fundamental linkages
between safe haven assets and stock markets. Second, the regime-switching model allows us
to examine the dynamic interactions across these markets by formally differentiating between
market states that can be characterized by calm and stressed market periods. It must be noted
that the existing literature has largely utilized a static specification where model parameters
are assumed to be constant over time and instead, possible structural breaks are modeled
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using dummy variables representing 10, 5, and 1 percentile of stock market return
distributions. In contrast, our econometric model addresses nonlinearity in an explicit and
formal way by employing a Markov-Switching model which accounts for market regimes
where the relationship between safe haven asset returns and the stock market shocks takes
different forms.

A feature of the specification in Egs. (1)—(3) is the broad treatment of the regimes in the
global, regional, and safe haven asset markets. The latent regime variables Sq, ¢, Sw, 1, and S,
are specific to each market and not jointly estimated, so that neither the independence
restrictions are needed nor the cross-regime correlations are estimated, allowing the regimes
for developed, regional, and safe haven assets to be synchronized, partially synchronized or
completely synchronized depending on the estimated state variables. The specification is
finally completed by defining the transition probabilities of the Markov chains as

| v s . [
Pij = P (Siee1 = ilSte = 5) where Pij for market I = d,m, sh is the probability of being in

regime 7 at time 7+1 given that the market was in regime j at time 7. Finally, the transition
.y o Y2 ph =
probabilities satisfy <=1 1

2.2. Variance ratios

In order to provide further insight into the dynamic linkages between stock market shocks
and safe havens, we also examine how much of the conditional variance of the unexplained
component of safe haven returns is due to regional and developed market shocks. For this
purpose, following Egs. (1)—(3), we decompose the unexplained component of safe haven
excess returns into three components: (i) a component due to developed market shocks; (ii) a
component due to regional market shocks and (iii) the idiosyncratic component as

(fsh,t _ ':(fl-'r::l_."‘.'.\_ur Emt T -H:iih..";”'._- €dit T Eshit 4)
where ¢ denotes the unexpected component of excess returns. Similarly, unexpected
components for regional and developed market excess returns are specified as

(fi'ri-..t — 3:5 Edt T Emit (5)
Ear = Edy (6)

A novelty of the MS spillover model utilized in this study is that it allows for the computation
of the time-varying conditional moments using the predictive probabilities, i.e. the probability
of each asset being in regime i (i=1,2) at time ¢ given the data through £ — 1. In the first step,
we compute the conditional means for each asset's excess returns. The conditional means
represent the expected component of the excess returns for each market. We next compute
the time-varying conditional variances for the unexplained component of excess returns using
the predictive probabilities, the estimated risk exposure values and regime specific variance
terms. Finally, the variance ratios are calculated as the percentage of the total conditional
variance for each safe haven asset that is explained by regional, developed market
components as well as the idiosyncratic component.?

In order to calculate the conditional means and variances based on Egs. (4)—(6) we first

pﬁ.r.; L = P (S = i)

estimate predictive probabilities, , 1.€. the probability of asset /



being in regime i at time ¢ given the information set available through time £ — 1, U1, Let

1=1,2

o ol .
the vector of predictive probabilities as Pypy = WPigle-1]» , and the matrix of

. s L[] ji= .
transition probabilities of sector/market / as F [Pff » L] =123 The predictive
- _ Pl', ! -

probabilities can then be calculated ad Phjt—1 Pi1]t-1, where Pi-1jt-1 s the vector of
probabilities of asset / at time ¢~ 1 given data through ¢ - 1, that is,

i ", Ao
P »; P(S-1 = il e

et P ". These are also known as filtered probabilities
and can be calculated using

; Py iy (Raa[vy.0)
p.!.t t ot

2vict D :f:.|:.'”_'r 1.':..,{.5;

]

(7

where f(i(R; |y, 0) is the likelihood function of R; / of asset / being in regime i and 6 is the
parameter vector.

The sequential estimation approach we adopt from Bekaert and Harvey (1997),

Bekaert et al. (2005) and Balcilar et al. (2015) requires estimating Eq. (1) in the first step,
Eq. (2) in the second step and Eq. (3) in the third step, estimating the idiosyncratic shock &g, +,
€m, 1, and &, 1, respectively, in each. Thus, we need estimates of conditional means (expected
component of each market's excess return) in each step. The conditional means are computed
as the weighted average of the conditional means in each regime with weights equal to the
predictive probability of the respective regimes. The deviation of the actual return from the
conditional mean gives an estimate of the shocks. Let the expected component (conditional

mean) is given by "t L= dm, shi then defining B as the risk exposure parameters in

. . A . .
Egs. (1)—((3) of asset / in regime i and 7 as the vector of independent variables, the
conditional means are obtained as

2

e = E[|Rygle1] = >0, pi:H | ‘ﬁ“,-a"-:'._ ) [ =d,m,sh )
Then, the developed market, regional and safe asset idiosyncratic shocks are obtained as
ep = Rig — puy, Similarly, the conditional variances of ¢; ; are given by
. 0l 5 .
iy = E [Eﬁr Y 1} S b, 100 I =d,m,sh o)

Using the estimates of the conditional variances in Eq. (9) we next obtain the variances of the
unexpected component of excess returns defined in Eqs. (4)—(6). Bekaert et al. (2009) show
that a two-factor, time-varying coefficient spillover model with global and regional market
shocks is sufficiently rich to eliminate most of the idiosyncratic shock correlations even when
the equations are estimated independently. Using the predictive probabilities, we can estimate
conditional variances using the following equations:

'J i 2 i .
Ft-r;,r E [‘Er_f.f“'”"‘ 1 Z.'. 11"5{” I(Tf‘.i (13)



| 2 e 2
h”':‘ E E:rz.'h-""f -l| _‘2a 1P b l(jﬁlz) Fr +U:ru}

o] s | 2 q z v
hshe = B [£§h,f|'l-"'f -'-] = 2i=1 Py [(Jj}u) 0ds (’jnm) Tont + Oons (15)

(14)

Given the conditional variance estimates obtained from Eqs. (13)—(14), the variance ratios
can be calculated as the percentage of the conditional variances of the unexpected safe haven
asset returns explained by the conditional variances of the regional and the developed market
unexpected returns

T Pl () o
LHThr _ 1 Fy, .| I " 100
hah (16)
T i (B ohs
VR, = ; = 100
: b (17)
Iy ah _ L"' 1 ?I\Ifl -1 IT::.'I..:
VR, — . X 100 (18)
T r zh
where VR w'f VR, t, and VR, are the percentage of conditional variances explained

by the developed market, regional and asset specific idiosyncratic shocks, respectively.

3. Empirical results
3.1. Data

We use weekly data for a number of potential safe haven assets and MSCI stock market
indices for developed and regional markets obtained from Datastream. The weekly data
corresponds to the closing price on Wednesday of each week. Following the safe haven
literature, we consider eight alternative safe haven assets including Gold, Silver, Brent crude
oil, Japanese Yen, Swiss Francs, Treasury Bonds, Treasury Notes, and VIX. Developed
markets are represented by the MSCI Developed Markets Index while regional markets for
emerging stock markets, Euro area, Europe & Middle East, Latin America, and North
America are represented by the corresponding MSCI indexes, respectively. The foreign
currency rates are defined as the US dollar per unit of the currency, implying an increase
corresponds to appreciation in the currency. In addition to broad regional indexes, we also
examine a number of emerging stock markets individually including Brazil, Chile, Greece,
Hungary, India, Indonesia, Korea, Kuwait, Malaysia, Mexico, Poland, Qatar, Russia, Saudi
Arabia, South Africa, Taiwan, Thailand, Turkey and UAE (Unites Arab Emirates). Excess
returns are computed using the 3-Month Treasury bill rate (USTB3).

Table 1 presents the descriptive statistics for weekly log returns along with the sample period
and the number of observations for each return series. The end point for all return series is
Nov 12, 2014 while the starting points are governed by data availability. We observe positive
mean returns in all return series with the exception of Japanese Yen and VIX, while Swiss
Francs, among the safe haven assets, have the highest mean return. The high return for Swiss
Francs is coupled with the highest return volatility of 11.1% for this currency, while the US
Treasury securities experience the lowest volatility in returns. Unlike other safe haven assets,
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weekly returns for Swiss Francs exhibit positive skewness and significantly large kurtosis,
implying greater likelihood of experiencing positive returns as well as the presence of
extreme movements.

Table 1
Descriptive statistics.
n Mean SD.  Min Max  Skewness Kurtosis |B o) Qi4) ARCH(1)  ARCH{4) Sample period
BRENT 1353 0,13 459 -3845 2194 -070 575 1982.44%+ 461" 15.44% B5.75%* 93.36%* 12/07§1988-11/12/2014
GOLDy 1880 009 269 -1311 2021 029 5.96 2814.62% 017 G624 33694 20655 11/01j1978-11/12/2014
SILVER 2184 0,09 442 2054 2181 -030 4.41 1807 A0+ 357 14,18+ 5705+ 15666 01/10/1973-11/12/2014
SWISS FRANC 2184 0.17 1111 -229.52 230.81 4.06 414.91 15700825.25** 0.01 B6.91% 0.01 BE22% 01/10§1973-11/12/2014
TBOND 1942 002 160 -19.60 B34 -0859 13.59 15241.50%* 087 4.67 0.84 7.14 08/24§1977-11/12/2014
TNOTE 1697 003 1.02 -11.94 651 -078 1357 13224254 1.70 G.A7 0.48 399 05/05/1982-11/12/2014
VIX 554 <005 798 -2686 3419 034 1.27 48.55%* 15.73%  17.09%*  1439%  23.03**  03/31/2004-11/12/2014
JAPANESE YEN 2184 -0.01 151 -16.84 931 -0.25 8.83 T139.11% 651 1977+ 3T 11.92% 01/10§1973-11/12/2014
DEVELOPED 2184 013 212 -2168 1246 -083 7.50 5387.51% 0.28 23.23% 41.90% 94884 01/10/1973-11/12/2014
EMERGING 1401 006 298 2606 1676 -099 629 2550834 479 3493 27143+ 250574 01/06/1988-11/12/2014
EURD AREA 1401 0,10 266 -13.97 1489 -063 3.58 B46.44% 1110+ 23.29% 132.03%*  172.83** 01/06f1988-11/12/2014
EUROPE & MEAST 1401 0.08 378 -32.56 1746 -090 6.38 2575.22% 0.64 21.64% 37.49% 225.44%*  01/06/1988-11/12/2014
LAT. AMERICA 1401 024 408 -4033 1370 -135 9.03 5205754 1.00 12.70% .05+ 52084 01/05/1988-11/12/2014
NORTH AMERICA 2184 0.13 225 -1697 1493 -048 1z 5022.64% 2.49 3.52 3895 6319 01/10/1973-11/12/2014
BRAZIL 1225 1.08 580 -3250 3120 0.12 4.48 103419 6.09% 113.75%*  131.00*  168.69** 05/22/1991-11/12/2014
CHILE 1453 029 242 -1744 970 -022 373 860 24%* 22787 5268 2867 48710 01/07/1987-11/12/2014
EGYPT 1036 022 374 2450 1602 -053 an 545,030+ 344 13.63%+ BTG4 51.84%+  01/04/1995-11/12/2014
GREECE 1362 0.08 429 -16.17 1883 -0.02 1.50 128,39+ 3.94% 22.93% 30,07+ T3.85% Tj051988-11/12/2014
HUNGARY 1245 023 384 -2005 3010 -0.05 6.08 1925.48% 1.08 18.67* B5.02%+ 135.00**  01/02§1991-11/12/2014
INDIA 866 011 385 -2578 2295 -035 5.49 1114600 1.28 a7 93.88%¢  11035" 04/08/1998-11/12/2014
INDONESIA 1649 0.24 386 -3145 7428 3.91 8770 53396222 219 3076 110694 11441 04/06/1983-11/12/2014
KOREA 2080 0.16 347 -1746 1983 -0.16 3.90 132079 1.35 20,17+ 167.37** 253.52** 01/01j1975-11/12/2014
KUWAIT 1037 012 208 -17.27 757 -122 B.25 3212.51% 1617 44.23% GE.41" 176.12%*  12/28/1994-11/12/2014
MALAYSIA 1819 02 333 3263 2797 -065 1245 11909.60%* 5.06% 22360 206064 22008% 01/02/1980-11/12/2014
MEXICO 1401 0.44 376 -1944 3365 038 6,06 2506.14% 2.85* 27.39% G2.44% 13997+ 01/06/1988-11/12/2014
POLAND 1230 032 453 -3411 2553 -0.14 7.68 3044.38% 15.80%* 2679+ GE.OT™ 232.16%*  04/17/1991-11/12/2014
QATAR 848 028 341 -2773 1429 -1.16 1123 4671.400 0.02 1339 3167 58034 08/12/1998-11/12/2014
RLISSIA 1036 0,19 695 -49.00 4022 -034 6.15 1661.08¢++ 0.04 26310 4403 16576 01/04/1995-11/12/2014
SAUDI ARABLA 880 0.6 333 -27.32 1382 -160 1029  4281.76%* 648 12.88% 42,184+ 10128 12/31/1997-11/12/2014
SOUTH AFRICA 1140 022 275 -1568 1259 -047 2.86 433.03** 4237 924" 3497 39.50% 01/06§1993-11/12/2014
TAIWAN 2184 0.7 406 -2402 2405 -031 370 1285964 16.634*  43.04% 12747 36828 01/10/1973-11/12/2014
THAILAND 2063 013 350 -19.15 1782 -020 3.89 1320.34% 17,23+ 49,304+ 113.60%* 19243+  04/30/1975-11/12/2014
TURKEY 1401 067 633 -32.84 3233 0.05 2.94 508.76%+* 2.29 12.72% 35.26%* B3.93% 01/06f1988-11/12/2014
UAE 567 022 349 -2390 1395 -1.18 8.26 1757.92%+ 4197 16.94%*  1063"* 30025 12/31/2003-11/12/2014
LISTR3 2184 010 007 0.00 033 052 0.37 112854+ 2173.04%* 860076+ 211265 2110.56%* 01/101973-11/12/2014

Note: This table reports the descriptive statistics for weekly log returns in percent. Safe haven assets assets (in shaded rows) include BREMT (Erent crude oil), YEN (FINEX
Japanese Yen index), GOLD (gold), SIIVER (Silver), SWISS FRANC (CME Swiss Franc rate in US Dollars), TBOND (30 Year US Treasury Bond), TNOTE. (10 Year Treasury Note).
and VIX (CBOE Volatility Index). Regional markets include broad market indices EMERGING (MSCl Emerging Markets). EURD AREA (MSC1 Euro Area), Europe & MEAST
(MSC1 Europe and Middle East), LAT. AMERICA (MSCI Latin America). and N. AMERICA (MSCl North America), while individual market indices include BRAZIL, CHILE.
GREECE, HUNGARY, INDIA. INDONESIA, KOREA, KUWAIT, MALAYSIA, MEXICO, POLAND. QUATAR. RUSSIA. SAUSI ARABIA, SOUTH AFRICA. TAIWAN, TURKEY. UEA (Unites
Arab Emirates), and TURKEY. The DEVELOPED index is the MSCI Developed Markets Index, while [ISTBE3 is the 1S 3-Month Treasury Bill rare. In addition to the mean,
standard deviation (5.0.), minimum (min), maximum (max), skewness, and Kurtosis statistics, the table reports the Jarque-Berra normality test (JB). the Ljung-Box first
[Q(1)] and the fourth [(4] autocorrelation tests, and the first [ARCH(1)] and the fourth [ARCH(4)] order Lagrange multiplier (LM) tests for the autoregressive conditional
heteroskedasticity (ARCH). ***** and * represent significance at the 1%, 5% and 10% levels, respectively. The sample periods vary across series and are given in the last
column. n is the number of observations.

Table 2 provides the unconditional correlation estimates among the safe haven assets and
stock market indices. Although safe haven asses generally exhibit low correlations with stock
markets, we observe mostly negative correlations between stock markets and currencies, U.S.
Treasury securities and VIX futures. The preliminary analysis thus suggests that currencies
and U.S. Treasury securities generally stand out from the rest of safe haven assets both in
terms of their higher moments and their correlations with stock market returns. Next, we
briefly explain the estimation procedure and present the formal analysis of the risk exposures
of these assets with respect to stock market shocks.



Table 2
Correlations of safe haven and stock market returns.

BRENT  GOLD SILVER  SWISS FRANC  TBOND  TMOTE  VIX YEN DEVEL
BRENT 1.000
GOLD 0268 1.000
SILVER 0263 0.754 1.000
SWIS5_FRANC 0.084 0.335 0.035 1.000
TBOND -0.118  0.071 0.005 0.139 1.000
THOTE -0.094  0.069 0.001 0.135 0.954 1.000
VIX 0.154 0.094 0,180 0013 0.263 0232 1000
YEN 0.004 0.157 0.085 0.045 0.086 0101 0170 1.000
DEVELOPED 0126 0.130 0187 0.0z 0019 -0.023 -0468 0,160 1.000
EMERGING 0.125 0.174 0280 0.007 -0.132 -0.13 -0.477  -0032 0695
EURD AREA 0.085 0.008 0.138 -0.206 -0.184 -0.190 -0.5385 -0.123 0706
EUROPE & MEAST  0.154 0.171 0275 0.155 -0.120 -0.109  -D450  0.001 0.578
LAT. AMERICA 0152 0.173 0258 -0.014 -0.102 -0.084 -0486 -0052 0493
MOKTH AMERICA 0.125 0,045 0112 0.024 0,009 0.020 0.650 0064 0.570
BRAZIL 0.060 0.097 0.149 -0.026 -0.070 -0.067 -0.448  -0033 0335
CHILE 0.062 0.027 0.099 -0.083 -0.083 -0.075 -0.397  -0131 0309
EGYPT 0160 0,060 0132 0.064 -0.076 -0.080 -0.189  -0067 0309
GREECE 0.038 0,048 0116 0.026 0.135 0.134 0376 0070 0433
HUMCGARY 0.135 0.063 0174 -0.084 -0.145 -0.171 -0.375 -0029 0447
INDIA 0.146 0.126 0197 0.048 -0.085 -0077 0254 D124 0450
INDXONESIA 0.078 0.088 0.133 0.021 0.051 0.048 0314 0029 0.281
KOREA 0.009 0.028 0.083 -0.015 -0.056 -0.079 -0.386 0019 0.384
KUWAIT 0.027 -0.036  -0.002 -0.014 -0.051 -0.073 -0.117 00534 0181
MALAYSIA 0.006 0.041 0104 -0.075 -0.043 -0.063 -0.327 0019 0388
MEXICC 0.083 0.077 0.146 0.075 0.023 0.032 0476 0038 0405
POLAND 0.075 0.062 0.124 -0.045 -0.112 -0.111 -0.398 -0022 0363
QATAR 0.152 0.059 0114 0.085 -0.054 -0.053 -0.195 -0044 0339
RLISSIA 0170 0.115 0.199 0.001 -0.141 -0.146G -0.356  -0043 0426
SAUDN ARABIA 0.161 -0.007  0.044 0.004 -0.133 -0.129 -0.183 0,102 0.296
SOUTH AFRICA 0.190 0.296 0313 -0.001 -0.183 -0.194  -0406 0029 0537
TAIWAN -0.060  -0.011 0.040 -0.019 -0.0G0 -0.075 -0.353 0046 0308
THAILANLY 0002 0036 0.094 (0L066 0039 0.045 0,309 0010 0366
TURKEY 0.061 0.025 0.072 -0.028 -0.045 -0.043 -0.377  -0020 0.256
LIAE 0208 -0.001 0.077 0.034 0113 -0.108 -0137 D135 0335

Mote: The table reports the Pearson cormelation estimates across various sale haven assets and stock markets,

3.2. Estimation results

The MS models described in Egs. (1)—(3) are estimated following the three-step estimation
procedure of Bekaert and Harvey (1997) and Ng (2000).> In the first step, developed market
shocks are obtained by estimating Eq. (1). Next, developed market shocks are related to
regional market excess returns as shown in Eq. (2) and regional market shocks are obtained
accordingly.* In the third step, developed and regional market shocks are related to excess
returns on safe haven assets as shown in Eq. (3). In order to provide support for the regime-
based specification, we test the MS specification against the linear alternative using the
likelihood ratio (LR) tests with the upper bound for the p-values obtained according to
Davies (1987). We also supplement the LR tests with AIC. In order to check the robustness
of model selection, we use the bootstrap testing approach of Di Sanzo (2009) which tests for
linearity in Markov-Switching models.

Given that the number of regimes is known, we estimate the parameters of the MS models
using the maximum likelihood estimation procedure. The error terms in Eq. (3) are assumed
to follow #-distribution in order to account for fat tails. The conditional moments of the MS
models are then estimated using the predictive probabilities that are obtained from the
transition probabilities and the filtered probabilities of the Hamilton filter (see Balcilar et al.,
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2015 for details). The estimates are obtained by maximizing the log-likelihood subject to the
constraint that the probabilities lie between 0 and 1 and sum to unity. Finally, the likelihood
is evaluated using the filtering procedure of Hamilton (1990), followed by the smoothing
algorithm of Kim (1994).

Tabie 3
Risk exposures of safe haven assets o developed market shocks.
Brent Canld Silver Swiss Franc
£ Fha P .2 P P i 2
EMERCGIMNG 041504 00769 (L0300 (.26 (0508 (L5208 (RN E. 00358
EURC AREA 03424 D258G* -0,0226G 0.2750% 00758 DLGTIS 0. 1924v 002164
EUROPE E: MEAST  0.4354%+ 01505 -0L0171 01064+ 008074 0551944 020404+ -0.0652
LAT. AMERICA 04013 01643 -0,0230 D2203% 013320 D570 020354 00169
N. AMERICA 040604+ 01769° L0364 04120+ Q0328 080734+ -0.0548 0072244
RRAZIL 04906 [ 0,023 0, 1863 0 104gs [LGRORE D217 -0,09360
CHILE 03717+ 01585 -0.0233 D.0048% D 10824+ DUGE44++* -0L10G3 01342
EGYPT 0E011%8 p2gapses 0.05804 0246344 009118 G534 00608 02494
GREECE 03851** DIGI8 -0,0247 D741 00547 DLGR1TH 0.1924¥+ 012464
HLUNLARY 0454744 Q24708 (L0 020544 0042 DGR 0114544 0138644
INDHA 05567 02928 LG43 01872 0.13G2% DLGGRTH Dayares -0.0525
INDOMESLA 040964+ 01614 0L00E3 0137244 00701 [.57354+ -0.0472 015474+
KOREA 03347 02932 00325 0435000 n.ngi4 DBTRG™ -0,0414 0, 1844808
KLWAIT 0.5792%+  D2902%* -0.0283 0.2280%*  0.0908* OLG545%+ .00z 0.0034
MALAYSIA 03722 01762 00234 04022 (0.0754* D.B14744% 0.0705 0.19058
MEXICO 0374094+ D.1500 -0.0030 0.1390% 00694 OLGE52** -0L2 182+ 02308%
POLAND 051544+ Q2xFo5a (UEY 0201544 00658 [.66454- 20794 (.08684
QATAR DGTETHY  D24GTH 00565 02436 0.1224% 070154 -04G19Y Y QD548
RUS51A DEZ18%+ 02340 00453 02400+  0.1102* D675 0.0z 7o -0.0045
SALITH ARARIA N.5RGRE [ ) 00777 023104 0. 1028* DETRWE 0, 2006 -0, 10588
S0UTH AFRICA QE1T7*** D225+ -0.0148 0.1997%+ 01179 OLGTOa** 02107+ -0.077G*
TAIWAN 03g2 01935 0023 044628 NGy [.75074s 00,0694 013748
THAILAND 0.40GE** 01633 L0250 0.3083%+ 00621 07989+ -0.0595* 0. 13Gas*
TURKEY 037 onm (LGS 015855 (0909 DLGTOG 0.2 017038
LUAE 05900 05041 024964 02556 -0.a102% 073844 01924+ 00117
Japanese Yen U5 T-Bond U5 T-Note VIX
B Haa Han Paa A Pz By Bz
EMERGIMNG 0.2800k* -0 1569+ -0L1 140+ 02722+ 0.239] %+ -0.095 1+ -0LGEGOS 2 44]
ELIRCY AREA 0, 2GT5E 00762k D206 -0, 1387 00807 D176 -0, TRTO -1, 95088
EUROFPE & MEAST 03197+ 0009024+ 02876+ -0U1 5@ 013G oL1aG2+ D120+ -1.5G27
LAT. AMERICA 02975 D235 (2507 D.70g 012745 0.07E] = RN 202044
M. AMERICA -0,0099 0.AFATH D.1aGor* -0,0426* 0104714 010054 -1.14140 -1.2153%
BRAZIL -0.0885%+  p2IB]H+ 00713 -0.1758%+ 012048+ 00350 0743744 (] 085]+
CHILE 10,3607 4 004508 T B -0,1736E0 -0, 1167 LOTRGE -0, AGT4H -1, ARG
ECGYFT -0.0148 -0,0139 -0,o1e7 SUGETHE 0127 oo217 -DUBES4E 2 10400
GREECE 033354 -008 TR I r e -0, 712 -0, 10228 0476 RIRTE v B v
HUNGARY 0.0330 oo 02437+ -0L1675% 001252 00850 -0.7559% -] 9523
INLHA D26 01700 022754 LI ko 0.12524 uozs O.E22R-s 20047444
INDONESIA 034474 ~0.0800%* -0, 17330 02257 011514 DLOBGT -0,G537H -1.9119%*
KOREA -0.0555% 0374244+ -00289 01123+ -0.0746% 006324 -QLG44THE ] D
KIIWAIT 00711 D1GGEINY 047 -0.21307  -DDBR5M -0,0290 -0, GA40 -1.9753
MALAYSIA 037854+ -0.08308+ -DU05g5ss D.0256 -0.04198 0.0320%+ SDUES44E ] o740
MEXICO 0,31 500 -0, 142G 0, 2690 -0, 1633 -0, 107715 Nl -0, 8526 -2, 16534
POLAND -0.0355%+  0.3301% 020884+ -0L 1698 D211 00778 -0LG507+ -] 9742
DQATAR 0260348 (09764 0.1654448 0.01 656 0.129684 00104 0.632644 1.90058
RLIS5IA -0.0287 -000051 -0 1222 -0.0026G 017444 00263 -0,5085+ -1 87464
SALN ARABIA 0.1714%4 DM DG32e 0.0ES (10808 00044 (592844 185230
SOUTH AFRICA IR T -0.05493* 00374 0754 -00aq2n -0.0042 -0, G058 20617
TAIWAN -0.04034 D 3DGE -0.0705% 0.0480 -0.07 1584+ 013894+ -0LE242HE 2 D9E]H
THAILAND -0, 0725 [ v -0,05544 -0,0019 00875 B -0,BH53EE -2 00GE
TURKEY 0.337g%+ -0.0842%++ 0267 1+* -0L1G6E* D 1130%+ 00772+ 4§k -1.57074*
LIAE 033574 (1187300 [212g4s 000730 (. 11908 00123 (. B658- 20460044

More: The rable reports the regime-specific estimares for the risk exposures {ﬁ:u.._. } of various safe haven assets o developed market
shocks obtained from the M5 spillover model described in Eqs. (1)3-{3). Only risk exposure estimates are reported to preserve space.
In each case, we specily the conditional mean a% a lunction of the P lags of the sale haven assel refurn, regional marked returm,
and the developed market return. The lag order p is specified using the AIC. The error distribution is assumed to be the student
[ distribution, ie. £~ 00 g, ) where wg ois the degree of reedom. The parameters are estimated osing maximum likelibood
(ML) estimation. ***, * and * represent significance at the 1%, 5%, and 10% levels, respectively.
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3.2.1. Time-varying risk exposures of safe haven assets

Table 3 presents the estimates for the regime-specific risk exposures (* *"+“.) of safe haven

assets with respect to developed market shocks, obtained from the MS model described in
Egs. (1)—~(3). Due to space considerations, we only report the risk exposure estimates in the
table. We generally observe significant and non-zero risk exposure estimates during both
market regimes for most safe havens, indicating a non-linear relationship between safe haven
asset return dynamics and advanced stock market shocks, thus providing support for the
regime-based specification adopted in our empirical analysis. Comparing the risk exposure
estimates for regimes 1 and 2, we see significantly different risk exposure patterns across the
two regimes with the exception of VIX which is found to exhibit negative risk exposures with
respect to developed market shocks during both market states. Similarly, Japanese Yen and
US Treasuries are also observed to generally exhibit negative risk exposures to developed
market shocks, however, the pattern is largely regime specific and not as consistent as in the
case of VIX futures. Therefore, we argue that VIX futures could serve as a strong and
unconditional hedge against developed market shocks for investors in equity markets, while
the safe haven benefits for the Yen and US Treasuries should be assessed conditional on the
state of the market.

In the case of the other safe havens, we generally observe mixed results across the two
market states, both in terms of the statistical significance and the sign of the estimated risk
exposures. Therefore, in order to better interpret the risk exposures in regimes 1 and 2, we
present in Fig. 1 the smoothed probability plot for each market of being in Regime 2.° The
smoothed probabilities generally suggest that regime 2 corresponds to periods that are
characterized by market stress (or market crashes). We see that regime 2 probabilities
generally take values close to 1 during the 2007/2008 global financial crisis period, more so
in the case of Brent, Gold, Silver, Japanese Yen, Treasury securities and VIX, suggesting that
regime 2 is the market stress regime and regime 1 is the normal (or calm) regime.

Having characterized the market regimes, the examination of risk exposures across the two
regimes reveals several interesting results. First, we observe that risk exposures with respect
to developed market shocks across all safe haven assets are low, well below unity, suggesting
low integration of these assets with stock markets. Both precious metals, gold and silver, as
the traditionally accepted safe havens, are found to exhibit positive risk exposures with
respect to developed market shocks during the second regime, underscoring the increased
demand for these assets during periods of market stress. However, unlike silver, the
insignificant risk exposures observed for gold in regime 1 suggests the potential of this asset
as a diversifier for equity portfolios during normal times. On the other hand, Swiss francs
Japanese Yen and Treasury Bonds exhibit negative risk exposures with respect to developed
market shocks in the second regime, suggesting that these assets could serve as safe havens
for equity investors during periods of market stress.

12
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Fig. 1. smoothed Probability of being in Regime 2.
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Nme: Figure plots the smoothed probability of being in Begime 2 for various safe haven assets. Areas with probability estimates higher than 0.5 indicate that these periods
can be characrerized by Regime 2, Die fo space considerations, we only report the plats for regional marker indices: the plots for individual stock markers are available upon

request.

It must be noted that the estimates reported in Table 3 provide mean risk exposures across
market regimes and do not provide insight to the time-variation in risk exposures. For this
reason, we provide in Fig. 2 the time-varying intensities of developed market shocks to
various safe haven assets. These time-varying shock spillover intensities are computed as
probability-weighted risk exposures of each safe haven asset with respect to developed

market shocks, i.e. P lf.ijf;;._J +(1-pn) ﬁgfhz , based on the risk exposure estimates from
Eq. (3) and the filtered probability estimates (pi:). Once again, due to space considerations,
we only report the plots for regional market indices; the plots for individual stock markets are
available upon request. Fig. 2 suggests that most safe haven assets exhibit low risk exposures
with respect to developed market shocks, well below unity, although these exposures have
generally increased during the global financial crisis period, particularly in the case of Brent,
Gold, Silver and Swiss Francs. On the other hand, Japanese Yen, U.S. Treasury securities and
partially Swiss Francs exhibit mostly negative risk exposures during the financial crisis
period, suggesting that these assets could serve as safe havens during that period. Once again,
VIX futures stand out with consistently negative risk exposures to developed market shocks,
further supporting the hedge and safe haven potential of these securities for equity investors.

13



EWERGING: BRENT EURD_AREA: BRENT EUROPE_MEAST: BRENT LAT_AMERICA: BRENT MORTH_AMERICA: BRENT

TR T

WUROFE_MIAST: GOLD LAT_AMERICA: GOLD NORTH_AMERICA: GOLD

EURDPE_MEAST: SILVER LAT_AMERICA! SILVER HORTH_AMERIGA: SILVER

E VT YTV, TS 0, T

BURDFE_WEAST 5. FRANC LAT_AMERICA: . FRANC MORTH_AMERICA: 5. FRANC

EURDPE_MEAST: YEN LAT_AMEFSCA: YEN NORTH_AMERSCA: YEN

&34 [ a3
asq | aiq
833 214 0‘3 o i
413 a8 i s i

EUROFE_MEAST: TROND LAT_AMERICA: TROND HORTH_AMERICE TROND

ELIROPE_WEAST: WX LAT_AMERICA: W00 MORTH_AMERICA: VIX

104 as=
15 20
N rES 0 208 20 = 0 TES 2006 B EW AS 10 HS. 60 268 WD M 0. 188 20 DWE I6i0 208 N wn @ i

RE. 2. Developed Marketr Shock Transmission Intensities over Time.

Notez The figure plots the tme-varying intensities of developed market shocks 1o various sale haven assets, Time-varying shock spillover intensities are computed as
probability-weighted shock spillover intensities from developed market shocks to safe haven assets, ie. p.,ﬂ’:u +11— p],)ﬁ;:. based on the spillover intensity estimates
From Eq. (3) with the filtered probability estimates (Py, k. Due to space considerations, we only report the plots for regional market indices: the plots for individual stock
markets are available upon request.

Examining the risk exposures with respect to regional market shocks, the regime-specific risk

exposures (’Sfﬁ?*esxf-v) reported in Table 4 are found to be insignificant for most markets,
suggesting that developed market shocks largely control for regional market shocks in the
model. Interestingly, however, significant and negative risk exposures are observed for Swiss
Francs, Japanese Yen, Treasury Bonds and VIX, implying that these securities could be used
to partially hedge regional market risks along with risk exposures with respect to developed
markets. Gold, on the other hand, can serve as a safe haven against local market shocks in the
cash and oil rich Gulf Cooperation council nations of Kuwait, Saudi Arabia and UAE,
implied by negative and significant risk exposures with respect to regional shocks associated
with these countries. Similarly, Swiss Francs, Japanese Yen, Treasury securities and VIX
could be utilized to hedge local market risks in emerging stock markets in general, implied by
mostly negative risk exposures of these assets with respect to country-specific shocks. These
observations are further supported by the time-varying regional shock spillover intensities
reported in Fig. 3. We observe in Fig. 3 mostly negative risk exposures with respect to
regional stock market shocks, particularly for currencies, Treasury securities and VIX during
the global financial crisis period.
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Tabie 4
Risk Exposures of Safe Haven Assets to Begional Shocks.

Brent Gl Silver Swiss Franc
m ol m . m m m ﬂl
s 2 3.1 2 s, 1 b2 sh,1 shz
EMERGING Da27gs 02004 0.0265 03g7ge 0.0408 (E252%8 (13058 [LT474e
FLIRO AREA 0.1288% -0.1100 -01G04% 00403 -0 1197+ 0.1556 0, 16354 -0.3954 4
EUROPE & MEAST  DUI700%*  0.1404% -0.0096 0240905+ 0.0097 D4186%  0.10734 DOGTTH
LAT. AMERICA 0.05649 026084 00018 035004+ 0.0404 0.4540%* Q0977 -0.04314
N. AMERICA D3663%  0.0248 -00851++ 00903 0.0299 0.0149 -057324 -0.11954
BRAZIL -0 2 00117 -0.01240 009744 -0.0105 03314 .04 STE T
CHILE 00541 0.0597 0.0087 0.0090 00149 0.0232 -00BE1* -0.0G92**
EGYFT D17 012308 0023z 0.0224 0.0055 00503 0.1885% 00026
GREECE 0.0080 -0.2021% 0.0106 -0.0295 -0.0130 -0.0435 n.0189 -0.082G"
HUNGARY 03004 00662 0.056 0.0665 00312 01411+ 0171328 LG4
INDIA 1009 0.0083 0.0377 0.0484 00284 00636 -0.0374 0.0025
INDOMESIA oozoz -0.0620 L0094 00617 -0.0014 01811%  -00034 -0.0213
KOREA 0.07n -0.2612 o1 00617 -0,0084 -0.0462 -00335 -0
KUWAIT -0.0790 0.0122 -0.0053 -0.1372** 00612 -0.0215 -0.0261 0.0598
MALAYSLA 00285 ma3 oo 0.0279 00251 L0465 00185 LRI L
MEXICO 00430 0.0872 00186 0.0383 -0.0078 02932%*  -0.0955** -0.0235
POLANLD 00157 0.0400 0.0004 00215 0.0057 00175 0.0098 00497+
QATAR 0.0562 01733 0.0339 -0.0231 0.0791 -0.0384 01284 00215
RUSSIA D274 Q0563 QL0005 011075 -0L0044 0G24 -0.0014 0.0011
SALIDT ARARIA 00368 02403 0.0207 01T 00494 -0.0261 -0.0034 -0L0094
SOUTH AFRICA 01418 02370+ QLOT 7O+ 038524+ 0.0924% 0.7122% 00394 -0.0386
TANWWAN 0.0137 -0, 26524 -0.0208" -0.0581 -0, (g -0.0791 003478 00337
THAILAND -0.0063 -0.0846 00073 0.0005 0.0042 0.1280* -0.0108 -0.0743%
TURKEY 00273 002m O.000a 0.0014 0.0025 00555 001964 (L0096
UAE -0.0273 03331 -0.0086 -0.1612¢ -0.5792% 00779 0.0059 -0.01149
Japanese Yen U5 T-Bond U5 T-Note WVIX
B Baa [ Bz B Faz B (2
EMERGING -0.0433* 0.0133 -0.0944%*  0.0491% 0.0GG3* -0.0741% -1.03G6**  -0.1599
ELRO AREA -0.31 470 01,1284 011554 0224080 013714 0,061 50 -1, 2157 -1.625g0H
EURDPE & MEAST  -0.0234 -0.0006 o427+ -0.0758* 00526 00321+ 09152+ -0.4537+
LAT. AMERICA 00123 .040g4 D55 005095 D.0rz474 00064 055874 0735748
H. AMERICA -00G3I0W 02037 0. 2G24+ 01591 00304 00119 -3.2057Y  -DR3ITS™
BRAZIL -006E27: 00066 00038 -0.0594% -0.0248%+ 00025 -0.0532 -DETBO
CHILE -0.0330 -0, 1220 [0, Of iy bt 0067 0 6G0EH 00113 -0.B67 34 -0A314¢
EGYPFT -00139 -0.0451 -0.01o7 -0.0269 -0.0040 -0.0368* 00157 -00024
GREECE -0.02920 -0.0174 -0.0092% 004300 -0,0198Y -0.0268 -0,3337 -0.22679
HUNGARY -0.0402%**  0.0285 -0.0185 -0.0563**  -0.0477 -0.0120 -0.4179%*  -0.4359%
INIMA L 0.044084 0.0047 0.0028 00008 00030 01105 02194
INDOMESIA -0.0171* -0.0028 0.0009 00180 0.0023% 0.0045 01435 -0.1451
KDREA -004594% 00028 -0U0405% 00085 -0.0185% -0.0080 -0.2500 -0.1949
KUWAIT -0.0G19* -0.01m -0.0776" 00107 -0.0311+ -0.0028 00635 -0.2056
MALAYSIA -0.0259* 0,108 -0.0063 -0.0597* -0.0041 -0.0328% -0.5695 01171
MEXICO -0042G0 -0.0059 00134 0.0007 -0.0113 00180 -0, 817100 -1.058g94
POLAND -0.0300%**  0.0409* o.oo1a -0.0803**  -0.0434%  0.0040 -0.1953 -0.5657+*
QATAR DL0DGE 0002 o.ozezt 0004 .29 0.00m 00351 01878
RLISSIA -0.0203% -0.0085 -0.0244% 00458 -0.0133% -0.0150 -0.1245 -0.0983
SALIDN ARABLA 00 003404 (.57 0.0452 D.0z450 0711 00363 00076
SOUTH AFRICA -0.004G -0.0804* -0.083E™  -0D.0GE3I™ -0.0473% -00591% -0.1206 -0.7499+
TAIWAN -0.0245% -0.0183* -0LO03G8*  -0.0059 ~0.02504 -0.0142 -0.2331 00941
THAILAND -00323 -0.0130 L0002 00363 -0.0117 -0.0076 00646 -0.2480
TURKEY -0.0144% -0.0091 0.0208+ -0.0100 -0.0026 0.0022 -0.0123 -0.3 108+
UAE 0.0300 004734 (L.0)55 0.106844 0.0027 (06454 0.0100 02218

Note; The table reports the estimates for the regime-specific risk exposures [ﬁ;smj of various safe haven assets to regional shocks
obtained from the M5 spillover model described in Egs (13 Only risk caxposure estimates are reported to preserve space. Inocach
case, we specify the conditional mean as a function of the p lags of the safe haven asser return, regional marker return, and the
developed market return. The lag order p is specified using the AIC. The error distribution is assumed to be the student ¢ distribution,
i £y e g, o) where g, o is the degree of freedom, The parameters are estimared using maximum likelihood (ML) estimarion,
*+ % and * represent significance at the 1%, 5%, and 10% levels, respectively.
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Fig. 3. Regional Shock Spillover Intensities over Time.

Note: The figure plots the time-varying intensities of regional shocks to various safe haven assets. Time-varying shock spillover infensities are computed as probability-
wirighted shock spillover intensities from regional shocks o safe haven assets, e pnﬁ;J + (1 —Pin !ﬁ;‘.g . based on the spillover intensity estimates from Eq. (3) with the
filtered probability estimates (py ). Due to space considerations, we only report the plots for regional market indices; the plots for individual stock markets are available
upon request.

Overall, the dynamic analysis of the risk exposures of safe haven assets suggest mixed
findings regarding the hedge and safe haven potential of these assets against global and
regional market shocks, while VIX stands out from the rest with significantly negative risk
exposures to financial market shocks in general. This finding is also consistent with

Hood and Malik (2013) who show that VIX is a superior hedging tool and safe haven than
gold. Given the heterogeneity in the response of safe haven assets to global and regional
market shocks, policy makers should focus on the development of locally available risk
management instruments that will allow domestic investors to mitigate the effect of these
shocks depending on how each shock relates to safe haven assets for a given stock market.

3.2.2. Variance ratio analysis

In order to gain further insight into the fundamental linkages between safe havens and stock
market shocks, we report in Table 5 the means for the variance ratios computed as the
percentage of the conditional variance of the unexplained component of safe haven excess
returns explained by regional and developed market shocks as well as the idiosyncratic
component. We observe in general that the large percentage of the conditional variance of the
unexplained component of safe haven returns is due to idiosyncratic shocks, implying the
relative segmentation of these assets from stock markets in general. This is particularly more
evident for Brent, gold and silver with more than 90% of the excess return variance is
explained by idiosyncratic shocks. Interestingly, shocks related to emerging and Latin
American markets are found to be partially significant in the conditional volatility of precious
metal returns, accounting for 3 to 9 percent of conditional volatility in these assets. Similarly,
Euro area shocks are found to account for about 17% of the conditional volatility of excess
returns in Swiss Francs.
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Tanie 5
Variance ratios.

Brent Cold Sitver Swiss Franc

Developed Regional Idiosyncratic Developed Regional [diosyncratic Developed Regional Idiosyncratic Dewveloped Regional Idiosyncratic
EMERGING 247% 0.59% 06.44% 0.54% T25% 0222% 344% 4.56% 02008 241% 1.73% 095868
EURD AREA 24% 0.26% 07.33% 229% 2.18% 095.53% 5.34% 0.58% 94.0R% 161% 16.95% B1.45%
EUROPE & MEAST 3.17% 1.55% 05.28% 1.49% 5.69% 02.82% 361% 5.07% 0132% 3.85% 372% 92.43%
LAT. AMERICA 2.90% 1.27% 95.83% 1.82% 9.20% LEE: Lk 2.33% EXE 93.94% 2441 1.86% 95.70%
M. AMERICA 275% L11%E 0G.14% 227% 0.54% 07.19% 501% 0.02% 0497% 0.88% 219% 06.93%
BRAZIL 4.63% 0.01% 03.36% 1.68% 1.76% 96.56% 2.41% 4.15% H0.44% 2.04% 1.57% 93.40%
CHILE 2.56% 0.08% 97.36% 0.69% 0.01% 99,30% A88% 0,02% a5, 10% 274% 1.27% 95,.90%
ECYPT 6.00% 077E 093.23% 123% 0% D8.67E B63T% 0.08% 03568 031% 1.72% 97.97%
GREECE 268% 0.66% 06,66 1.43% 0.18% 08.30% 5.83% [IRRFS 94.06% 5.23% 1.82% 92.95%
HUNGARY 379 0.81% 95.40% 1.89% 0.57% 07.54% 521% 0.69% 04.10% 3.06% 342% 93.52%
MDA 5.59% 0.12% 04,30% 0.99% 011% 08.80% B.R6% 0.07% 93.07% 4,108 0.,12% 05.77%
INDOMESIA 205% 0.04% ar.01% 091x% 0.20% 08.90% 4.17% 0.42% 0541% 1.93% 0.03% 08.04%
KOREA 2.40% 1.02% 06.58% 229% 0.14% 9I5TE S.92% 0,043 94.04% 2.78% 0.27% 96.95%
KITWAIT 5.60% 0.06% 04.25% 2A0% 0.78% a6.42% G.06GE 011% a3 84% 0.02% 0.18% 99,30%
MALAYSIA 2.56% 0.02E a7.42% 1.99% 0.01% 08.00% B.58% 0.06% 03368 3.44% 1.41% 95.15%
MEXICOH 2ETL 0.17% O97.16% 0.78% 0.23% 08.99% 5.66% 2.27% 92.12% B.O%E 1.61% RO.40E
FOLAND 5.05% 0.09% 04.86% 207% 0.06% 97878 492% 0.02% 05.06% 430% 1.03% 467%
QATAR 646 0.52% 03.02% 1.14% 0.14% 08.72% 7.A0% 0.28% 092.32% 3.21% 0.33% 06,46%
RUSSIA G.0GE 1.26% 02.58% 1.67% 1.52% 06.81% 3.52% 1.35% 0293% 0.14% 0.00% 09,86
SAUDI ARABIA 2.96% 1.13% 92.91% 1.04% 0.74% o8.22% 6.73% AR EA 93.15% 5.01% 0.02% 94.47%
SOUTH AFRICA G.O8% 1.27% 92.64% 220 1029% 87.51% 5.01% 6.57% BRAZE A43TE 0.38% 95.25%
TAIWAN 270% 1.25% 06.05% 1.49% 024% 08278 438% 0LG6% 04 96 2.40% 0.75% 06.85%
THAILAND 287% 0.13% 97.00% 1.93% 0.01% 08,06 5AT% 0.30% 04.23% 3.04% 1.05% 95.80%
TURKEY 2.50% 0anE a97.30% 1.09% 0.00% 98.91% 474% 0.19% 95.07% 225% 039% 97.36%
UAFE B.BEL 1.63% B9.51% 3.60% 0.59% 05.81% 13.05% 1.24% BSTIX 5,358 0.03% 04.63%

Japanese Yen Us T-Bond US T-Note VIX

Developed  Regional  |diosyncratic  Developed  Regional  [diosyncratic Developed  Regional  Idiosyncratic  Developed  Regional  [diosyncratic
EMERGING 12.92% 0.30% BB, TRE 6.79% 1.77% 01.45% 11.18% 2.83% B5.OBK 17.55% 4158 TEIX
EURO AREA BT 3.74% 83.08% 715X G.A0% BG.A5E 7.07% G.26% B3.97% 18.47% 11.83% G9.65%
EUROPE & MEAST 10.56% naee BOIBY 10.84% 2758 BEATE T11.85% 3474 B4GTE 17.40% 4.71% TTBO%
LAT. AMERICA B.00% 0.77% 91.23% 10858 1.67% BTARE G.35% 0.86% 02 70% 15.81% T.24% T6,94%
N. AMERICA 14.28% 3.94% B178% 3.64% 5230 a1.04% S.82% 021% 93978 0208 22XTE 5T52E
BRAZIL 572% 2.34% 01.94% A4.10% 1.52% 04.38% 5A41% 1.01% 93 58% 19.32% 5.50% T5.18%
CHILE 9.84% 233% B7.83% 8.04% 1.04% 20.91% 591% 1.09% 92.99% 1837% 3.02% TE61%
ECYPT 0.05% 0.19% 09, 76% 303K 0.18% 06,608 5838 0.44% 93, 72% 18.20% (.00 81.70%
GREECE 11.31% 0.47% 87.72% 53.52% 1.20% 03.20% 461% L11% 0427% 15.83% 1.98% 32.10%
HUNCARY 020% 0.81% 08.99% 0.93% 1.46% BEGTE T67E 232% 001k 16625 3.92% 79.46%
INDILA G6.80% 0.30% 02.80% BEa 0.00% 01.15% Fa9% 0.00% 0231% 17.71% 0.18% 82.10%
INDONESIA 14.28% 0.04% Ba.6EE BATE 0.04% 91.00% S6TE 0o 94328 16,73 0.20% LENIEE
KOREA 14.69% 0.53% BATTE 07x 0.60% 08.60% 263% 0.30% a7.07% 16.57% 0.61% 8282%
KLWAIT 251% 0.53% 06.96% 830% 0.59% 91.11% 4.08% 0.41% a9551% 16.92% 0.14% 52.04%
MALAYSIA 16625 1.47% Bl 0.62% 0,158 09.23% 0.77% 0.28% O8.95% 1841% 0.70% 80,90%
MEXICO 13.77% 0.67% 83.50% 10.60% 0.05% B80.35% B6.533% 0.32% 03.15% 18.02% 10.03%  71.90%
FOLAND 42T 1.00% 04,725 BETL 2.90% BRAK 7.04% 2.24% o0, 72% 16,19% 2.85% B096X
QATAR 0.12% 0.01% 00.87% 577% 025% 03.98% F30% 001% 02 60% 18.78% 027% 80.95%
RUSSIA 0.16% 0.49% 99.36% ER. [ 1.20% B4.5973% 6.08% 0E1% LERDES 17.53% 037 LERRES
SALIDT ARABIA G20% 0.G8% 93.03% 5.04% 0.93% 93.13% G.12% 1.79% 02.09% 17.44% 0.02% 8254%
SOUTH AFRICA 128% 0.62% 08.10% 328% 222% D4.50% 357% 1.08% 04.45% 18.58% 2.473% T8.99%
TAIWAN 14.25% 0.46% B5.20% 0.82% 0.69% 08.48% 5.05% 0.82% 04,058 17.80% 0.49% B1.62%
THAILAND 15.52% 0.35% 84.13% 0.45% 0.12% 09.43% 4.44% 0.14% 05.42% 16.50% 0.51% 52.00%
TURKEY 10.00% 0.23% BR.TTE 10.67E 048 BRASK 5.098% 0.03% 94.00% 1R.80% 2.50% TER1X
UAE 15.26% 1.13% B361% B0 0.63% 00.67% F.00% 0.88% 02.12% 17.42% 0.41% 8217%

Mote: This table reports the mean of the variance ratios computed as the percentage of the conditional variance of the vnexplained component of excess return lor each
safe haven asset explained by regional and developed market shocks as well as the idiosyncratic component. The means for the variance ratios are computed over the full
sample period for cach market given in Table 1.

On the other hand, we observe that developed market shocks account for a relatively
significant percentage of the conditional volatility of excess returns for Japanese Yen and
Treasury securities, while shocks related to the Euro area and North America account for
11.88% and 32.27% of total volatility in VIX excess returns, respectively. Overall, the
analysis of variance ratios underscore the relative segmentation of the safe haven assets from
stock markets in general, implied by the large percentage of conditional volatility explained
by individual asset-specific shocks.

4. Conclusion

This paper extends the literature on safe haven assets by examining the fundamental linkages
between safe havens and stock market shocks from a novel perspective that distinguishes
between global and regional risk exposures and various market regimes. Utilizing a two-
factor, regime-based volatility spillover model, we examine the risk exposures of a number of
potential safe havens including precious metals, US Treasury securities, VIX and currencies
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with respect to developed and regional stock market shocks during calm and stressed market
periods. We further supplement our tests with the analysis of variance ratios and examine the
percentage of the conditional variance of the unexplained component of safe haven excess
returns explained by regional and developed market shocks as well as the idiosyncratic
component.

The risk exposures of safe haven assets with respect to global and regional stock market
shocks are found to display significant time variation and regime-specific features. Although
all safe haven assets are found to carry low risk exposures, well below unity, with respect to
stock market shocks, traditional safe havens like precious metals are found to exhibit positive
risk exposures to both regional and global stock market shocks during market stress periods,
underscoring the increased demand for these assets during crisis periods. On the other hand,
safe haven currencies including Swiss Francs, Japanese Yen and U.S. Treasuries are found to
display either insignificant or negative risk exposures during market stress periods, implying
that these assets would serve as better hedges or safe havens for equity investors.
Interestingly, VIX futures are found to exhibit consistently negative risk exposures with
respect to both risk factors, suggesting that these securities could potentially serve as strong
hedges against both global and regional market shocks.

Low risk exposures of safe haven asset returns to stock market shocks are further supported
by the finding that the large percentage of the conditional variance of the unexplained
component of safe haven excess returns is due to idiosyncratic shocks, further supporting the
relative segmentation of these assets from stock markets in general. Our findings underscore
the importance of structural breaks and time-variation in the linkages between safe haven
assets and stock returns and imply that static models would introduce large biases in
diversification measures as well as optimal hedge ratios. For future research, it would be
interesting to implement the two-factor model in a predictive setting within a portfolio
context and examine the effectiveness of the safe haven assets considered in our study against
stock market shocks across a wide range of developed and emerging stock markets. It would
also be interesting to explore the role of local and global uncertainties as a driver of global
and regional market shocks.
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