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Abstract. We present empirical evidence that the innovation in global equity correlation
is a viable pricing factor in international markets. We develop a stylized model to motivate
why this is a reasonable candidate factor and propose a simple way to measure it. We find
that our factor has a robust negative price of risk and significantly improves the joint cross-
sectional fits across various asset classes, including global equities, commodities, sovereign
bonds, foreign exchange rates, and options. In exploring the pricing ability of our factor on

the FX market, we also shed light on the link between international equity and currency
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markets through global equity correlations as an instrument for aggregate risks.
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1. Introduction

A central question in financial economics is how to
find the pricing kernel across asset classes in inter-
national markets and how that kernel could be mea-
sured empirically. This article provides empirical evi-
dence that the innovation in global equity correlation
(henceforth ACorr) is a common component of the
marginal utility of international investors. We present
empirical findings that it is a priced risk factor in
the cross section of a wide array of asset classes in-
cluding global equities, commodities, developed and
emerging markets, sovereign bonds, foreign exchange
rates, and options.

To motivate why ACorr is a valid factor in interna-
tional asset returns, we present a stylized consumption-
based international asset pricing model in which the
representative agent is endowed with a habit utility. The
model illustrates that the change in global risk aversion
(henceforth GRA) is a common driver of returns across
all assets in different countries. An increase in GRA
makes equity returns in one country more responsive
to another country’s dividend shocks even when their
dividend streams (cash flows) are independent of
each other, thus inducing higher expected comove-
ments across all international equity returns. Because
GRA is not observable and is challenging to measure,
our model illustrates that the change in the common
correlation across international equity returns is a
potential proxy and hence a viable candidate factor
for our empirical exercise.'

We measure the correlation dynamics by com-
puting bilateral intramonth correlations at the end of
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each month. Then we take the average of all the bi-
lateral correlations to arrive at a global correlation
level in a particular month.” The correlation innova-
tion factor is constructed as the first difference of the
global correlation. To confirm our theoretical moti-
vation, we examine how the level and time variations
of global equity correlation are related to known al-
ternative proxies for GRA. First, we find that the level
of global correlation is negatively associated with the
surplus consumption ratio (Campbell and Cochrane
1999), higher during National Bureau of Economic
Research (NBER) recessionary periods, positively
related to a model-implied time-varying risk aversion
of Bekaert et al. (2019) and also positively correlated
with the global and U.S. option-implied volatilities
(Rey 2013). Second, we focus on the changes in global
correlation and show that it is negatively associated with
global equity market returns, tends to increase more dra-
matically during large market declines,’ and is strongly
positively associated with changes in the global and the
U.S. option-implied volatilities and variance risk premia.*

Having established empirical support for the the-
oretical prediction that our factor is related to GRA,
we start our empirical tests by examining the two-
pass cross-sectional regression (CSR) in a wide array
of asset classes. We construct various sets of carry and
momentum portfolios in different markets: 6 port-
folios formed on equity index futures, 10 portfolios
formed on commodity futures, 10 portfolios using
10-year Treasury bond total-return series, and 10 port-
folios formed on foreign exchange rate futures. In ad-
dition to those, we construct 6 emerging market sover-
eign bond portfolios as in Borri and Verdelhan (2011),
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18 equity index option portfolios as in Constantinides
et al. (2013), and 60 global equity portfolios as in
Hou et al. (2011).

We show that differences in exposure to ACorr can
explain the systematic variation in average excess
returns across these sets of portfolios simultaneously.
When the two-pass CSR is performed on each asset
separately, we find that the power of the CSR test
originates from all types of investment strategies
yielding cross-sectional fit, ranging from 44% for the
global equity portfolios to 90% for the option port-
folios. The price of risk for our factor is economi-
cally and statistically significant under the estimation
error adjustment of Shanken (1992) and the mis-
specification error adjustment as in Kan et al. (2013).
We also use CSR-Generalized least squares (GLS),
Fama-MacBeth, and Generalized method of moments
(GMM) methods and find that one standard deviation
of cross-sectional differences in covariance to our factor
explains about 2.5%-5.7% per annum in the cross-
sectional differences in average return of 120 all-
inclusive portfolios. A negative price of risk suggests that
investors demand low risk premium for portfolios whose
returns comove with global equity correlation because
they provide a hedging opportunity againsta sudden
positive shock on the level of global risk aversion.

Regarding the concern related to a useless factor
bias as in Kan and Zhang (1999), we follow several
suggestions from their paper. We first check that R? is
statistically different from zero and confirm that our
model is able to reject the null hypothesis of the
misspecified model (HO : R? = 0).° Second, we com-
pare the single factor Capital asset pricing model
(CAPM) model with the extended two factor model
augmented with ACorr. By doing so, we show that the
explanatory powers of two nested models are sta-
tistically different from each other and highlight the
relative importance of the correlation factor. More
specifically, we find that differences in R? range from
22% (emerging market sovereign bonds) to 80%
(global equity index futures) and those are statisti-
cally different from zero at a 5% rejection level in all
asset classes except sovereign bonds. Third, the
p values from the F test, a generalized version of
Shanken’s cross-sectional regression test (CSRT)
statistic that takes conditional heteroskedasticity and
autocorrelated errors into account, suggest that the
null hypothesis that all pricing errors are zero (Hy-
pothesis 0: all pricing error = 0) cannot be rejected in
all asset classes. These results suggest that the sig-
nificance of our factor risk premium is not likely
because of the useless factor bias.

The recent literature suggests that there are other
risk factors that have some success in pricing the cross
section of returns in different asset classes (Lettau
et al. 2014, He et al. 2017, Yara et al. 2021). It is then

natural to explore how the pricing ability of ACorr
fares against these alternative models in explaining
portfolios in multiple asset classes.® We do so not only
with our benchmark 120 all-inclusive multiasset port-
folios as test assets but also with completely indepen-
dent sets of test assets provided by He et al. (2017) (104
portfolios) and Asness et al. (2013) (48 portfolios).

We first confirm their empirical results in our
sample and find that both the downside risk factor of
Lettau et al. (2014) and the intermediary capital ratio
factor of He et al. (2017) can explain the spreads
in mean returns of multiasset portfolios with R?
ranging from 27% to 42%. Second, we include ACorr
along with these factors and find that the price of the
covariance risk for ACorr is statistically different from
zero in most cases. Using our benchmark all-inclusive
multiasset portfolios as test assets, the normalized
price of covariance risk ranges from —2.81 to —3.43 per
annum after controlling for the intermediary capital
ratio factor and the downside risk factor, respectively.
These estimates are similar to those of our main re-
gression, and hence we conclude that the pricing
power of our factor is not significantly affected by the
inclusion of these factors. Furthermore, given the
tight relationship between ACorrand these alternative
factors, we note that the relative economic magnitude
of ACorr is reduced when explaining the portfolios
in He et al. (2017) and Asness et al. (2013) compared
with our benchmark case.

To assess further the empirical relevance of our
factor, we explore in detail the pricing ability in the
foreign exchange (FX) markets as a special case. We
choose the FX markets mainly because of the notorious
difficulty in explaining both FX carry and momentum
strategies simultaneously (Burnside et al. 2011b,
Menkhoff et al. 2012b). Our aim is twofold. First, we
provide ample evidence that the cross-sectional
variations in the average excess returns across FX
carry and momentum portfolios can be explained by
different sensitivities to our correlation factor. Sec-
ond, we contrast the pricing ability of our factor with
respect to other factors proposed in the FX literature
particularly for carry strategies.

More specifically, we construct various control risk
factors discussed frequently in the currency litera-
ture. The listincludes (i) a set of traded and nontraded
factors constructed from FX data, (ii) a set of liquid-
ity factors, and (iii) a set of global equity market risk
factors. Consistent with the forward puzzle literature,
we find that those factors have explanatory power
over the cross section of carry portfolios with R?
ranging from 58% for TED spread innovation to 92%
for FX volatility factor. The same set of factors,
however, fails to explain the cross section of mo-
mentum portfolios. We demonstrate that our factor
not only improves the explanatory power across



Downloaded from informs.org by [142.150.222.141] on 16 December 2022, at 04:21 . For personal use only, all rights reserved.

7264

Bae and Elkamhi: Global Equity Correlation in International Markets
Management Science, 2021, vol. 67, no. 11, pp. 7262-7289, © 2021 INFORMS

carry portfolios but can also explain the cross section
of momentum portfolios. Relying on the asymptotic
distribution of the sample R%in the second-pass CSR,
we show that the explanatory power can be statisti-
cally and economically improved when our correla-
tion factor is added to the models. Using FX carry and
momentum portfolios jointly as a test asset, differ-
ences in R? with and without our factor range from
21% for the high-minus-low FX carry factor (Lustig
etal. 2011) to 58% for the FXilliquidity factor (Mancini
et al. 2013).

Overall, using a factor constructed from the equity
market to explain abnormal return in the FX and
international equity markets, we also shed light on
the discussion of the linkage between international
equity and FX markets through equity correlations as
an instrument of the aggregate risk. This extant lit-
erature focuses mainly on international capital flows
(Hau and Rey 2006, Cenedese et al. 2016). We show
that global equity correlation is subsumed neither
by global capital flows nor underlying commonalities
in those trading activities but rather is closely asso-
ciated with time-varying global risk aversion.

This paper is also related to the recent literature on
correlation risk (Driessen et al. 2009, Mueller et al.
2017). For example, Driessen et al. (2009) show that
the differential pricing of S&P 100 index option and
the component individual stock options reveals im-
portant information on the price of correlation risk.
We expand their arguments beyond the U.S. equity
and options markets and show that the global equity
correlation risk is priced across many international
asset classes. In addition, by presenting empirical
evidence that the correlation factor is strongly neg-
atively correlated with both the global and the U.S.
variance risk premium, this paper also contributes to
the literature that highlights the role of variance risk
premium in asset returns (Bekaert and Hoerova 2016,
Della-Corte et al. 2016, Londono and Zhou 2017).

The rest of the paper is organized as follows:
Section 2 illustrates the theoretical motivation for the
global correlation innovation factor. Section 3 pres-
ents data and Section 4 describes our factor con-
struction methodology and presents time-series anal-
ysis of the factor. Section 5 provides the main empirical
cross-sectional testing results. A number of alterna-
tive tests and robustness checks are also performed in
Section 5, and we conclude in Section 6.

2. Theoretical Motivation

In this section, we develop a stylized international
asset pricing model. Our aim is to explain why inno-
vations in the global equity correlation can be consid-
ered as a factor for international asset returns. Our

theoretical motivation is closely related to Verdelhan
(2010), who proposes a habit-based explanation for
the forward premium puzzle. Although our model is
similar in that we leverage the external habit level to
endogenously generate time-varying correlation of
stock returns, our setup allows us to study one pricing
kernel in which the risk aversion of a global repre-
sentative agent plays a central role in pricing all as-
sets. Our model also builds on Hassan (2013) and
Martin (2013), as both papers highlight the role of
country size in explaining heterogeneity of the sto-
chastic properties of countries” exchange rates. An
important distinction between this model and theirs
is that we use N-country specification with greater
focus given to the role of time-varying GRA. In our
specification, the change in GRA is a common driver
of returns across all assets in different countries.
Because GRA is not observable and hence challenging
to measure empirically, we illustrate in our model
that the changes in comovement across international
equities can be a good proxy for the changes in GRA.

2.1. Global Risk Aversion

There are N countries with independent output
streams (D;;) for each country i.” The growthrate and
volatility of the output streams are the same across all
countries: dD;; = D;;(udt + 0dB;;)Vi. There are two
classes of agents in this economy. The first class is
Locals who consume a fraction of 1 — ¢ of their own
country’s output and do not consume foreign coun-
try’s output. The second class is Internationals who
consume the remaining fraction ¢ of each country’s
output. Locals do not participate in financial mar-
kets; therefore, assets are priced by Internationals.
Internationals maximize expected utility of the form:
E[ /5, e In(C; = X)dt], where C; denotes the aggre-
gate consumption level of Internationals and X; de-
notes the habit level at time t. The goods in different
countries are viewed as imperfect substitutes by In-
ternationals and 1 € [1,00) captures the elasticity of
intratemporal substitution between goods.

N 1 -1 71%1
C = Z 0;D;} (1)
i=1

The constant 0; controls the relative importance of
good i for Internationals and the sum of 0; equals to
one (XN, 6; = 1).

The effect of habit persistence on the agent’s atti-
tudes toward risk can be summarized by the inverse
of the surplus/consumption ratio, which we denote
vt = C/(Cy = X;). Analogously to Menzly et al. (2004),
we assume that the dynamic of risk aversion coeffi-
cient for Internationals (global risk aversion or GRA)
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follows a mean-reverting process and depends en-
tirely on innovations in global consumption growth:

dyr = x(y = yi)dt — a(y: — AJo(dc; = Eider]),  (2)

where ¢; is log C;, x denotes the speed of mean re-
version, ¥ and A are the long-run mean and the lower
bound for y;, respectively, and a > 0 is the sensitivity of
'+ to the aggregate consumption shock to Internationals.

The real exchange rate e;; is the intratemporal price
of a unit of good i in units of good 1 (base country),
and an increase in ¢;; means an appreciation of the
currency i. Because the relative price of good i with
respect to good 1 is the ratio of the marginal utility of
the consumption of good i and 1, we can denote the
real exchange rate ¢;; as follows:

. 9In(C = X,)/0Dy; _ (Q)(&) )
"7 9In(C, - Xy)/dD1,  \01) \Di) -
With 71 < oo, the good in country 7 is an imperfect
substitute for the goods in any other countries. Therefore,
a negative supply shock to D;; makes the good i more
scarce to Internationals, and this scarcity of the good
drives up the relative price of the good i. This relation
suggests that the exchange rate ¢;; appreciates when
the relative supply of country #’s good declines.
Thelevel of the real exchange rate i is closely related
to the size of country i. Defining the relative size of
country i (denoted by S;;) as the dividend share of
world output denominated in the base currency 1, the
exchange rate i in Equation (3) can be rewritten
as follows®:

1

1
5., = €D _ 0D )
Lr — 1 7
ei,tDi,t + ZL\I# en,tDn,t ZI,Y ) 9111 771
Sit\ (Die) "
o= |2 , . 5
it (Sl,t) (D],t ©

Defining the size-weighted average of consumption shock
as the global consumption shock (dB, ; = ZnNzl SntdBuy),
the stochastic structure on GRA can be rewritten
as follows:

1ot

N ﬁD_l
dyr = k(y = yo)dt = a(ys = Ao 2 ——*=dB,,
n:lzi\flevz
(6)
=x(y =yt —a(yr = Ao antdBnt )

Not every country’s dividend shock has the same
influence on the dynamics of GRA. Because large

countries account for a larger share of the global
consumption, shocks from those countries have a
significant influence on the degree of GRA and the
marginal utility of consumption. The marginal utility
for each of the good (country) i is given by

Ai,t = 67&8 ln(C, - Xt)/aDt = Eiéf'}/tsi,tD;tl

dAit [dAit d)/t [d]/t] n- 1 .
~=E : —*de ——|--—0dB
Aii TA] 1 o ye n ¢

(8)

The marginal utility has a common exposure to two
factors: the unexpected changes in GRA (d”’ Et[dy’])

and the global consumption shock (ng,t) Thus, a
discount factor that is a linear function of the two
factors suggests an expected return beta relationship
of the form

E(R)) = v+ AnyBiny + AgBig,

where f; 1, is the exposure of asset i’s return to the
unexpected changes in GRA and ;4 is the exposure to
the global consumption shock.

2.2. Global Equity Correlations

Equation (8) shows that the dynamic of GRA is a
common component of the marginal utility of assets
and as such it affects the pricing of any assets across
all countries. However, GRA is not observable and is
hard to measure in empirical settings. In this section,
we consider the following two cases and show that
the changes in GRA reveal themselves through changes
in the common correlation between observable inter-
national equity returns.

2.2.1. Case 1: Nonsubstitutable Goods. In our econ-
omy, the price of any international equity indices is
given by

Py = Et[ /
t

In a special case in which goods are not substitutable
(n =1), the size of the economy from Equation (4)
becomes constant and equal to the relative impor-
tance of goods in country i for Internationals (S;; = 0;).
Moreover, a closed-form solution for the price-
dividend ratio (V;;) of the equity index of country
i can also be obtained as follows:

6_6(_[ t) 3U/8D, T

UjaD;, Dt

P,'t 1 K)_/
Vii=——= . 9
WDy otk 0+ K0y, ©)

In this special case, the price-dividend ratio is the
same across all countries, and the time-variation of
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the ratio is solely driven by the dynamics of GRA. The
higher GRA, the lower the price-dividend ratio as
prices are depressed relative to dividends because of
higher discount rates.
The instantaneous equity return R;; expressed in
terms of the price-dividend ratio is
dt dViyy dD;y dD;jdViy

Rij==+——+—+———. 10
TV Vy Dy DyVy (19

The return is composed of the dividend yield, the rel-
ative change in valuation, the dividend growth, and
the cross-product of valuation and dividend growths.
Substituting Equation (9) into Equation (10), the eq-
uity returns can be denoted as follows:

N
Rit — Ei[Ris] = $10 >, 04dBy,; + 0dB;y, (11)
n=1
where 9, = (5;/[:71;7);/,“(% —A), which is an increasing

function of y;. Equation (11) illustrates that equity
returns of country i are positively associated not only
with the consumption shock of it itself, country i, but
also with the consumption shocks from all the other
countries. In other words, returns of any two inter-
national equity indices are correlated even though
their dividend streams are independent. The sensi-
tivity of asset return 7 to the dividend shock from
country j depends on two terms: y; and 6;. The larger
the relative size of country j, the more influential its
consumption shock is to the asset returns of country i.
This cross-country effect is magnified if Internationals
have high risk aversion at time ¢.

We decompose the covariance between two re-
turns of international equity indices as follows
(Covijr = Covi(Ry, Rjr)):

dD;; dD; dD;; dV;
Covi,j,t=Covt( Az ]'t)-‘rCOVt( 1 ]'t)

Dit ! D]'t Di,t ’ Vj,t
dvi, dD]t) (dvth dvjt)
+ Cov + Cov|——,—=
t( Vie " Djy v vy

Returns of any two international equity indices can
be positively correlated through the cross-valuation ef-
fect, defined as Covt(dDi’t 4v, ) + Cov (dyf,dg ), even
though the underlying Eash flows are not correlated.
More specifically, if one country i has a negative
dividend shock (AD;; < 0), this shock induces Inter-
nationals to have higher risk aversion (Ay; > 0). The
higher risk aversion has negative impact not only on
the valuation level of equity index i (AV;; < 0) butalso
on the valuation of equity index j (AVj; <0). Both
valuations are affected at the same time by a dividend
shock in a single country because Internationals are the
ones who price equities altogether.

Closed-form solutions for the covariance between
any two international equity index returns (Covi,j,t)
and the cross-sectional average of those covariances
at each time t (Cov;) can be obtained as follows:

N

Covyje = PP0* >, 02 + 10%(0; + 0)), (12)
n=1

Cov; = (NGZ)% + 26)0 , (13)

where 6 = L3N, 0, and 0?2 = & 2N 02. Equation (13)
suggests that the common components in the com-
ovement of international equity indices are positively
associated with the level of GRA.

When a country experiences low (or negative)
dividend shock, this shock increases GRA. Increased
GRA induces equity index returns in one country to be
more responsive to another country’s dividend shocks.
This leads to increased cross-valuation effect, hence
higher expected comovement across all international
equity index returns. Therefore, the changes in the
unobservable GRA reveal themselves through changes
in the comovement between observable returns of the
international equity market indices.

2.2.2. Case 2: Substitutable Goods. When goods in
one country are (partially) substitutable for goods in
another country (1 > 1), the size of the country is no
longer constant (S;¢ # 0;).

/ e—(’“—f)%s,-ﬂdt]. (14)
t

The price-dividend ratio is an inverse function of the
risk aversion as in Campbell and Cochrane (1999) and
the size of the economy as in Cochrane et al. (2008)."°
To see what drives the covariance between two equity
returns in this general case, we first derive the unex-
pected component of equity returns. In this substitutable-
goods case, it is given by

Pit 1
Vig=s == E
" th Sieyt !

AVit/ Yy

Ri - Et[Ri,t] = (— V CY(Vt - /\)
it
AVii/dSiy n—1 ) N
- = S:lo >,S,dB,
Vit n t HZ:; P t
(‘Wl‘f//as”” L+ 1)adB,, (15)
it
where av,t/a,t <0 and &V“/&S” < 0. As in the case of

nonsubstltutable goods in the previous section, Equa-
tion (15) illustrates that the asset return of country i
reacts to the dividend shock of country j especially
when the relative size of country jis large and the level
of GRA is high. Given the term j; in Equation (15), this
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cross-country effect is magnified if Internationals have
high risk aversion at time ¢.

In this substitutable-goods case, there is an addi-
tional channel of the cross-valuation effect through the

changes in size (M

the changes in GRA (‘W"/ N in Equation (15)) as in
Section 2.2.1. This additional channel of the cross-
valuation effect shares the same intuition as in the
two-trees model of Cochrane et al. (2008). To un-
derstand the mechanism behind this additional chan-
nel, let us assume that there exist only two countries
(i and j) and no time-variation in GRA (a = 0). In this
case, if one country i has a negative dividend shock
(AD;; < 0), the relative size of country i would be
decreased (AS;; < 0). With only two countries in the
world, the decrease in the relative size of country i
automatically implies an increase in the relative size
of country j (AS;; > 0); hence, there is negative inno-
vation in the valuation (AV;; < 0). This creates positive
contemporaneous correlations among two equity indi-

ces through the cross-valuation effect: Covt(dgi u ,d‘xft'*) +

v, dDj: 11
Covt(—vu Dy ) >0.

Extending to N countries with N corresponding
international equity indices shows that the cross-valuation
channel cannot be a major determinant of the time-
series variation in the common correlation among the
N indices’ returns. First of all, contrary to the two-tree
case, the decrease in the relative size of country i
cannot automatically imply an increase in the relative
size of country j, because the initial effect on country i
will be diluted to N — 1 countries. Second, there will
be no time-series variations in the average correlation
unless there are dramatic changes in the entire dis-
tribution of the size from one period to another.

While the effect on the common correlation from the
changes in size is severely diluted, the effect from
the changesin GRA isnot marginalized even when the
model is extended to N-trees. Increased GRA induces
equity index returns in one country to be more re-
sponsive to other countries’ dividend shocks, and
hence higher comovements across international eq-
uity returns. The key mechanism behind the cross-
valuation effect, therefore, is still through the changes
in GRA, and not through the changes in size, whether
goods are substitutable or not.

in Equation (15)) besides

3. Data

3.1. Global Equities

Our international equity data consist of returns on
equity indices, index futures, and individual stocks.
We collect daily closing Morgan Stanley Capital In-
ternational (MSCI) equity indices for 39 countries both
in U.S. dollars and in local currencies from Datastream.
We use total returns in U.S. dollars as our base case.'”

The sample covers the period from January 1973 to
December 2014. For index futures, we focus on equity
index futures contracts with one-month maturity and
we interpolate between the two nearest-to-maturity
futures prices to compute synthetic one-month equity
futures prices if an exact one-month contract is not
available, following Koijen et al. (2018). The sample is
from Commodity Research Bureau (CRB) and covers
the period from December 1990 to December 2014.

For individual stock returns and other financial
variables, we follow Hou et al. (2011) to obtain prices
and total returns series, book-to-market (B/M), cash
flow-to-price (C/P), dividend-to-price (D/P), earnings-
to-price (E/P), market value of equity (Size), and daily
trading volumes (VO) from Datastream. After applying
several screening procedures as suggested by Ince and
Porter (2006),"? our final sample encompasses 64,655
stocks from 33 countries from July 1981 to December
2014. The country lists are reported in Table A1l in the
online appendix.

3.2. Bonds, Commodities, and Options

For sovereign bonds, 10-year treasury bond total
return indices from 45 countries are obtained from
Global Financial Data (GFD),'* and they are denomi-
nated inlocal currencies. The sample periods run from
December 1973 to December 2014. We also have a data
set for sovereign bonds using the JP Morgan EMBI
Global total return indices. The EMBI Global is a
market capitalization-weighted aggregate of Brady
Bonds, Eurobonds, traded loans, and local market
debt instruments issued by (quasi-) sovereign enti-
ties. We select the same 41 countries as in Borri and
Verdelhan (2011) for the period from December 1993
to December 2014. The commodity futures price data
are from CRB, and the sample spans from January
1973 to December 2014. Last, the equity index option
return series are obtained from Constantinides et al.
(2013) for the period from April 1986 to January 2012.1°

3.3. Spot and Forward Foreign Exchange Rates

Following Burnside et al. (2011a), we blend two data
sets of spot and forward exchange rates to span a
longer time period. Both data sets are obtained from
Datastream. The data sets consist of daily observa-
tions for bid/ask/mid spot and one-month forward
exchange rates for 44 currencies. Those bid /ask/mid
exchange rates are quoted against the British pound
(GBP) and U.S. dollar (USD) for the first and second
data set, respectively. The first data set spans the
period between January 1976 and December 2014
and the second data set spans the period between
December 1996 and December 2014. The sample pe-
riod varies by currency. To blend the two data sets, we
convert pound quotes in the first data set to dollar
quotes by multiplying the GBP/Foreign currency
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units by the USD/GBP quotes for each of bid/ask/  using daily return series. Then, we take an average
mid data. We sample the data on the last weekday of =~ of all the bilateral correlations to arrive at a global
each month. In the empirical section, we carry outour  correlation level of a particular month.'® The corre-
analysis for the 44 countries as well as for a restricted ~ lation levels are plotted in the upper panel of Figure 1.
database of only the 17 developed countries for which ~ The lower panel of the figure shows a time-series plot
we have longer time series. The list of currencies is  of ACorr. We simply take the first difference in the
reported in Table Al in the online appendix. time series of correlation to quantify the evolution of
the comovements.'”

4. The Global Equity Correlation Factor

In our theoretical motivation, we show that the changes
in risk aversion reveal themselves through changes in
the correlation between observable returns of interna-
tional equity indices. Moreover, the endogenous cor-
relation through the valuation effect is asymmetric,
meaning that equity returns are much more correlated
internationally subsequent to negative global funda-
mental shocks because of the higher risk aversion level.
In this section, we construct a measure of international
equity correlation innovation and examine its deter- L w30 i ‘
minants. We empirically test whether ACorr is indeed ~ S#rplis: = 1=g5 2= W/Ac(t~ ), where the decay factor
closely related to (i) the level of GRA and (ii) the W =0.96. Monthly aggregate consumption is the sea-

4.2. Time-Series Analysis on Global
Equity Correlation

Table 1 reports results from time-series regressions in
which the level of the global equity correlation is
regressed on various proxies of the GRA. First, in
model 1, we find that the global equity correlation is
negatively associated with a surplus consumption
ratio. We follow Watcher (2006) to construct a proxy
for the surplus consumption at the monthly frequency:

negative realization of global fundamental shocks. sonally adjusted per capital expenditures on non-
durables and services from National Income and
4.1. Factor Construction Product Accounts (NIPA). Second, because of the

We measure the correlation dynamics by computing  counter-cyclical nature of the willingness to take a risk,
bilateral intramonth correlations in each month’send ~ weinvestigate the relation with a recession and find that

Figure 1. Correlation Innovation Factors

Correlation Levels

1 \ \
0.8 [~ i
0.6 [~ _
0.4 [~ d
0.2 - i
0 \ \ \ \ \ \ \ \ \
1978 1982 1986 1990 1994 1998 2002 2006 2010 2014
05 Correlation Innovations
: : \ \ \

Ui

- --rrrr.-‘f‘e‘f‘.-‘.:‘es‘a

| | |
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05 \ \ \ \ \

Notes. The upper panel of the figure shows a time-series plot of the global equity correlation levels. The correlation level is measured by
computing bilateral intramonth correlations at each month’s end using daily return series. Then, we take an average of all the bilateral
correlations to arrive at a global correlation level of a particular month. The lower panel shows a time-series plot of the global equity correlation
innovations (ACorr). The correlation innovations are measured by taking first difference of each of the correlation levels. The sample covers the
period March 1976 to December 2014.
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the level of global correlation is higher during the NBER
recession periods (model 2). Third, Bekaert et al. (2019)
propose a measure of time-varying risk aversion that
is calculated from financial variables at monthly fre-
quency. Model 3 shows that the correlation level is
also positively correlated with their model-implied risk
aversion.'® Fourth, we use the global and the U.S.
option-implied volatilities as alternative proxies of
global risk aversion (Rey 2013). For the global option-
implied volatility, we apply the methodology of Mark
and Neuberger (2000) and Jiang and Tian (2005) to
option prices written on 16 developed stock market
indices and extract the risk-neutral expectation of the
return variation.'” Our two proxies for the global
implied volatility are the value-weighted and equal-
weighted average of those countries” option implied
volatility measures. We simply use the level of VIX
index for the equivalent measure in the United States.
Models 4-6 in Table 1 present evidence that the global
correlation loads strongly on all three measures of the
global implied volatility. In summary, these pieces of
evidence consistently point to a strong link between

Table 1. Time-Series Regression with the Level of
Correlation

Model ¢)) 2 (©) 4) ®) (6)
Surplus —0.620
(-3.29)
Recession 0.071
(2.78)
RABEX 0.074
(3.37)
wvoL"w 0.519
(3.42)
IVOLEW 0.487
(3.01)
IVOLYS 0.654
(3.87)
R? 0.106 0.063 0.016 0.089 0.082 0.096

Notes. The table reports results from time-series regressions in which
the level of global equity correlation is regressed on various proxies of
GRA. We follow Watcher (2006) to construct a proxy for the surplus

consumption at monthly frequency: Surplus; = 1ty 52 W AC(t - j)
where the decay factor W = 0.96. Recession is the NBER's recession
indicators. RAPEX is the Bekaert et al. (2019) model-implied measure
of time-varying risk aversion, which is calculated from financial
variables at monthly frequency. IVOLY"W (IVOLEW) is the global
option-implied volatility measure, defined as the value-weighted
(equal-weighted) average of 16 developed market countries” option
implied volatilities. We apply the methodology of Mark and Neuberger
(2000) and Jiang and Tian (2005) to extract the risk-neutral expecta-
tion of the return variation from option prices written on stock market
indices. IVOLY is the level of VIX index for the equivalent measure of
the risk-neutral expectation of the return variation in the United States.
The heteroskedasticity and autocorrelation adjusted t ratio with
automatic lag selection from Newey-West (1994) are reported in
parentheses.

the level of correlation across international equity
markets and global risk aversion.

4.3. Time-Series Analysis of Global Equity
Correlation Innovation

Having established the existence of a connection be-
tween the level of correlation and global risk aversion,
we next turn our attention to the innovation in the
global equity correlation. We investigate its relation
with the realization of global fundamental shocks and
economic conditions. We use global equity market
returns as a proxy for global fundamental shocks.
To show the asymmetric reaction of the correlation
through the valuation effect, we define large negative
(positive) market returns as returns that are more than
one standard deviation below (above) the mean of the
global market returns. Our time-series regressions
also include various proxies for global macroeconomic
conditions. Those are global market-capitalization
weighted average of term spreads (10-year minus
3-month yield), 3-month T-bill rates, and dividend
yields. To examine if there are other important pre-
determinants of ACorr, we not only include contem-
poraneous changes in those variables but also control
for the level of macroeconomic conditions in the
previous month ¢ — 1.

The dynamics of the average correlation can po-
tentially be driven by correlated trading activities in
the global equity market because of significant prev-
alence of global institutional investors. The correla-
tion risk may also reflect the global liquidity risk if
the correlation only increases during pervasive li-
quidity dry-ups. Therefore, our tests include global
turnover and liquidity innovations and changes in
the commonality in turnover and liquidity. We rely
on the Amihud liquidity measure to capture liquidity
risk, and we follow Karolyi et al. (2012) for the com-
monality in turnover and liquidity.

Models 1 and 2 in Table 2 show that our correlation
factor is negatively associated with global equity
market returns, and it tends to increase more dra-
matically during large market declines. These find-
ings are consistent with our theoretical motivation in
Section 2 that there is an asymmetric response of the
correlation to global fundamental shocks induced by
higher risk aversion rates. This asymmetric response
also hints that our factor is closely related to the
downside CAPM of Lettau et al. (2014). Moreover, we
expect our factor is negatively associated with inter-
mediary capital ratio because of a positive feedback
loop between risk aversion and financial intermedi-
aries” assets. For example, an increase in global risk
aversion coincides with reductions in speculators” asset
positions and unwinding of those assets in turn results in
further speculators’ capital losses and higher risk aver-
sion. We confirm this negative relation in model 3.
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Throughout models 1-3, we also examine whether
global macroeconomic states are predeterminants of
the correlation innovations. The regression results
indicate that the effect of global macroeconomic con-
ditions on the correlation innovation is weak. The
term ACorr is not significantly related to global term
spreads, risk-free yields, or dividend yields. Therefore,
it is hard to conclude that the dynamic of the global
equity correlation is mainly driven by the changes in
global macroeconomic fundamentals.

Similar to macroeconomic conditions, model 4 shows
that the correlation innovation is weakly related to in-
novations in other financial market conditions. A sta-
tistically insignificant relation between ACorr and the
global liquidity innovation in model 4 suggests that
the correlation risk cannot be subsumed by the glo-
bal liquidity risk. A positive relation with the global
turnover innovation highlights that ACorr increases
when there are excessive trading activities around the
world. At the same time, a weak relation between
ACorrand correlated trading activities in model 4 also
implies that it is not mainly determined by common
capital flows that originate from greater use of basket
trading or prevalence of institutional investors. Overall,
the evidence on the effect of global liquidity and global
trading activity is mixed and their marginal contribu-
tion to the explanatory power of our factor is not eco-
nomically significant.

We then examine the relation between the time
variation of the global equity correlation and GRA in
models 5-8 of Table 2. In line with the empirical
evidence from Table 1, we find that ACorris positively
correlated with innovations in GRA. Rey (2013) shows
that the global financial cycle has tight connections
with fluctuations in the risk-neutral volatility and
proposes that it is closely related to risk aversion. We
thus use changes in the global and the U.S. option-
implied volatilities as proxies for GRA in models 5
and 6, respectively.

The extant literature also highlights the role of the
variance risk premium. For example, Bekaert and
Hoerova (2016) suggest that the variance risk pre-
mium (VRP) houses a substantial amount of infor-
mation about risk aversion in financial markets. There-
fore, we construct two equivalent measures of VRP, the
global and the United States, defined as VRP/ W) -
RVtV s _ g VOLY WU where RVtV WUS) s the value-
weighted average of realized return variances of 16
developed market indices (S&P 500 index) from
month t—-1 to t. We find evidence that ACorr is
strongly negatively associated with both the global
and the U.S. conditional VRP. This evidence is also
closely related to the recent literature in the foreign
exchange market in which researchers reveal the
important role of VRP for currency returns (Della-
Corte et al. 2016, Londono and Zhou 2017).

Models 9-13 compare ACorr with the changes in cor-
relations among many other asset classes. We compare
the average of intracountry (internal) correlations with
our factor, which is based on intercountry (external)
correlations. To measure global intracountry equity

. Equity, Internal 2
correlations (ACorr; ), we rely on the R
based measure to be consistent with the other com-

monality measures: liquidity and turnover common-

crs 2 . Treasury Bond FX USD
alities.? The variables ACorr, 4 , ACorr; ,

and ACorrfommodity are the changes in the correlation
among 10-year treasury total returns, FX returns
against USD, and returns on commodity futures,
respectively. The statistically significant beta coeffi-
cient of 0.91 in model 9 presents evidence that the
average intracountry and intercountry equity corre-
lations are closely related, which can be interpreted as
evidence of a common driver of global equity cor-
relations.”' Models 10-12 show that the factor is also
positively, albeit rather weakly, related to correla-
tions of FX returns against USD, 10-year treasury total
returns, and commodity returns. Model 13 illustrates
that the global equity correlation is associated with
correlation of FX returns against USD but not related
to correlation of FX returns against other base cur-
rencies (average of all the remaining 43 currencies in
our data set). This finding indicates that the USD
plays a special role in the international market as a
barometer of international investors’ risk appetite.”>

5. Asset Pricing Model and

Empirical Testing
In this section, we present empirical evidence that
ACorr is a priced risk factor in the cross section of
portfolios in multiple asset classes and that it si-
multaneously explains the systematic variation in
average excess returns across those sets of portfolios.

5.1. Methods: Two-Pass CSR

To test whether our factor is a priced risk factor in the
cross section of currency portfolios, we use the two-
pass cross-sectional regression (CSR-OLS) method.
For statistical significance of the price of beta or co-
variance, we report the statistical measures of Kan
etal. (2013) throughout the main analysis of this paper.
Although we investigate both the price of covariance
risk and the price of beta risk in our empirical tests, we
only report the price of covariance risk.”> We report the
details of the estimation methodology of these statistics
in Section B of the online appendix.

5.2. Test Assets: All-Inclusive Asset Classes

Our theoretical motivation suggests that the change
in GRA is a common component of the marginal
utility for all countries, and hence it affects the pric-
ing of any assets across all countries. In Section 4,
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we empirically show that ACorr can be a good proxy
for the change in GRA. In this section, we explore
whether the global equity correlation innovation factor
is a priced risk factor in the cross section of global eq-
uities, commodities, sovereign bonds, foreign exchanges,
and options markets, and we examine the economic
relevance of our factor in explaining expected returns
in those wider array of asset classes.

More specifically, we first construct various sets of
carry and momentum portfolios in the following
markets: 6 portfolios formed on equity index futures,
10 portfolios formed on commodity futures, 10 port-
folios formed on foreign exchange rate futures, and
10 portfolios using 10-year treasury bond total-return
series.”* We follow Koijen et al. (2018) to implement
the global equity index carry strategy via index futures,
sorted on the slope between spot and one-month futures
price. Similarly, we implement the global bond carry
strategy via 10-year treasury bonds, sorted on the yield
spread between 10-year and 3-month bond yields. For
the commodity carry portfolios, we follow Yang (2013)
and sort 30 commodities based on the basis spread,
which is the log difference between 1-month and the
12-month futures prices divided by the difference in
maturity. We define momentum as the cumulative
return from month t—-12 to t—2 while skipping
month ¢ — 1 return for all three asset classes.

In addition to those carry and momentum portfo-
lios, we construct 6 emerging market sovereign bond
portfolios, 18 equity index option portfolios, and
60 global equity portfolios. To construct the emerging
market sovereign bond portfolios, JP Morgan EMBI
Global total return indices are sorted first by the credit
rating of country and then by bond beta as in Borri
and Verdelhan (2011). For option portfolios, a panel
of leverage-adjusted monthly returns of 18 option
portfolios split across type (9 call and 9 put portfo-
lios), each with targeted time to maturity (30, 60, or
90 days), and moneyness (90, 100, or 110) as in
Constantinides et al. (2013). The global equity port-
folios by Hou et al. (2011) are formed on 64,655 stocks
from 33 countries, sorted on the basis of B/M, C/P,
D/P, E/P, Size, and MoM. We generate 10 portfolios
for each type of sorting variable. The summary sta-
tistics of those 120 portfolios are presented in Table 3.

5.3. CSR Results: All-Inclusive Asset Classes

Table 4 reports cross-sectional asset pricing test re-
sults for the two-factor model based on the global
equity risk premium (Retgp,) and the global equity
correlation innovation (ACorr). From panel A to
panel G, we run CSR-OLS on each of the asset classes
separately, whereas we use an all-inclusive approach to
test various asset classes in a joint cross section from
panels H to I. Given the dominant number of portfo-
lios for global equities compared with the other asset

classes, we first run CSR on the all-inclusive portfolios
(60 in total) without global equities in panel H, then we
augment those all-inclusive portfolios with global eq-
uities and test on the aggregate portfolios (120 in total)
in panel I. In each panel, the market price of covariance
risk (1) is presented first, followed by the price of
covariance risk normalized by standard deviation of
the cross-sectional covariances (A;o;) and the cor-
responding f-statistics (t-ratioy,s) under the estimation
error adjustment of Shanken (1992) and the mis-
specification error adjustment of Kan et al. (2013).*

We expect our correlation innovation factor to be
negatively priced because it is positively associated with
marginal utility of consumption for Internationals. In
Table 4, we find that the price of covariance risk is
negative in all cases, and Ay, varies from —2.42% (for
the foreign exchange rates) to —7.31% (for the options)
per annum. The negative price of covariance risk
confirms our hypothesis that investors demand a low-
risk premium for portfolios whose returns comove
with ACorr, as they provide hedging opportunity
against a sudden positive shock on the level of risk
aversion of global investors.

To further analyze the fit of our model, we present
pricing errors of the asset pricing model with our global
equity correlation as a risk factor in Figure 2. The re-
alized actual excess returns are on the horizontal axis
and the model predicted average excess returns are on
the vertical axis. The figure shows that the asset pricing
model produces R? ranging from 44% to 90%, and our
correlation factor contributes to the benchmark global
CAPM model with a minimum increment of 20% in
R?. Overall, Figure 2 illustrates that the cross-sectional
dispersion across mean returns generated by our model
fits the actual realization of mean excess returns well
across portfolios constructed from various asset classes.

Panels H and I in Table 4 and Figure 2, in which we
useall 60 and 120 all-inclusive portfolios, respectively,
also confirm the ability of ACorr to price multiple asset
classes; 61% and 30% increases in R? are both statis-
tically significant with p < 0.01. The generalized x? test
shows that the model with our correlation factor
cannot be rejected, whereas the benchmark global
CAPM model is rejected for both test assets at a 5%
rejection level. We conclude that ACorr can jointly
rationalize a number of cross-sectional asset returns.

Regarding the concern related to a useless factor
bias as in Kan and Zhang (1999), we follow several
suggestions from their paper. We first check that R? is
statistically different from zero. The p values of the
test (pvalg—y in Table 4) suggest that the model has
statistically significant explanatory power for the
cross section of expected returns in all asset classes
under the null hypothesis of the misspecified model
(HO : R*> = 0). Second, we compare the single factor
CAPM model (model 1) and the extended two-factor
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Table 3. Summary Statistics of Test Assets Table 3. (Continued)
Standard Standard
Mean  deviation Skew  Sharpe Mean  deviation Skew  Sharpe
Panel A: Equity index futures Panel E: Options (Constantinides et al. 2013)

Carry portfolios (Koijen et al. 2018) Put: M = 60 and K = 90 14.42 20.37 -1.39 0.71
Low carry -0.73 19.19 -0.54 -0.04 Put: M = 60 and K = 100 7.46 17.19 -0.98 043
Medium 5.81 16.20 -0.83 0.36 Put: M = 60 and K = 110 4.34 15.86 —-0.65 0.27
High carry 8.88 19.91 —-0.39 0.45 Put: M =90 and K =90 9.33 19.78 -1.25 0.47

Momentum portfolios Put: M = 90 and K = 100 6.56 17.18 —0.96 0.38
Low momentum 1.79 25.65 -0.73 0.07 Put: M =90 and K = 110 4.60 15.96 -0.71 0.29
Medium 3.03 20.61 -1.27 0.15
High momentum 8.55 21.47 ~1.19 0.40 Panel F.1: Global equities, size (Hou et al. 2011)

Panel B: Commodity futures Small 18.23 20.23 —0.63 0.90
2 14.37 19.17 —-0.85 0.75

Carry portfolios (Yang 2013) 3 11.08 18.50 -0.91 0.60
Low carry —4.54 18.11 0.57 -0.25 4 8.85 18.09 -0.99 0.49
2 -0.49 16.17 0.21 —-0.03 5 7.88 18.05 -1.04 0.44
3 -2.26 17.15 -0.44 -0.13 6 7.49 18.39 -1.01 0.41
4 6.79 18.51 -0.25 0.37 7 7.31 18.17 -1.08 0.40
High carry 4.96 16.98 —-0.70 0.29 8 5.18 17.94 -1.04 0.29

Momentum portfolios 9 5.63 17.83 -1.00 0.32
Low momentum -5.22 17.61 0.29 -0.30 Big 4.83 16.23 -0.87 0.30
2 -2.83 16.81 033  -0.17
3 205 15.09 ~0.10 _0.14 Panel F.2: Global equities, B/M (Hou et al. 2011)

4 4. 17.64 32 2
High momentum 83; 22.?1 —822 83? Low B/M 3.39 17.55 -L19 0.19
2 5.16 15.62 -0.91 0.33
Panel C: 10-year treasury bond 3 5.07 15.77 -0.83 0.32
4 6.30 15.79 -0.74 0.40

Carry portfolios 5 5.84 17.10 —-0.95 0.34
Low Carry 2.18 11.72 -2.80 0.19 6 5.60 17.41 —-0.83 0.32
2 2.90 10.60 0.07 0.27 7 8.16 16.99 -0.43 0.48
3 3.35 11.56 0.04 0.29 8 9.52 19.33 0.05 0.49
4 4.03 11.00 -0.19 0.37 9 9.35 21.16 -0.45 0.44
High Carry 6.08 10.81 -0.31 0.56 High B/M 1541 24.70 0.20 0.62

Momentum portfolios
Low momentum 041 12.21 153 0.03 Panel F.3: Global equities, C/P (Hou et al. 2011)

2 203 10.72 —0.12 0.19 Low C/P 5.44 17.55 -0.69 0.31
3 3.71 10.75 —-0.04 0.35
2 0.42 21.56 -0.92 0.02
4 5.39 11.20 -0.23 0.48
High momentum 7.29 10.29 -0.43 0.71 3 218 18.08 —089 0.12
4 3.23 15.07 -0.76 0.21
Panel D: EMBI global indices (Borri and Verdelhan 2011) 5 5.52 15.25 —0.76 0.36
6 7.09 15.30 -1.11 0.46

Low beta: High rating -1.12 9.53 -2.34 -0.12 7 7.36 15.71 -0.93 0.47

Low beta: Medium rating 1.03 10.97 -3.26 0.09 8 8.34 15.19 -1.11 0.55

Low beta: Low rating 3.40 16.37 -3.95 0.21 9 11.22 16.77 -0.87 0.67

High beta: High rating 4.05 9.35 -0.96 0.43 High C/P 13.30 19.64 -1.21 0.68

High beta: Medium rating 7.92 11.77 -1.61 0.67

High beta: Low rating 1137 1960  -200 058 Panel F.4: Global equities, D/P (Hou et al. 2011)

Panel E: Options (Constantinides et al. 2013) Low D/P -3.72 21.89 -1.05 -0.17
2 0.98 18.75 —-0.99 0.05

Call: M = 30 and K =90 1.70 14.68 -0.31 0.12 3 2.80 16.69 -0.81 0.17

Call: M = 30 and K = 100 -1.31 14.36 0.00 —-0.09 4 5.10 15.29 —-0.81 0.33

Call: M =30 and K = 110 -4.15 13.93 1.40 —-0.30 5 5.70 14.46 -1.02 0.39

Call: M = 60 and K =90 1.82 14.55 -0.28 0.12 6 7.53 14.94 —-0.95 0.50

Call: M = 60 and K = 100 -0.76 1441 -0.01 —-0.05 7 7.79 14.39 -0.89 0.54

Call: M = 60 and K = 110 -3.47 14.21 0.87 -0.24 8 9.08 15.01 —-0.49 0.60

Call: M =90 and K =90 2.10 14.40 -0.25 0.15 9 10.40 15.77 -0.77 0.66

Call: M = 90 and K = 100 0.46 14.36 0.01 0.03 High D/P 12.79 19.23 -0.94 0.67

Call: M =90 and K = 110 -1.24 14.55 047 -0.09

Put: M = 30 and K = 90 2255 21.36 ~1.65 1.06 Panel F.5: Global equities, E/P (Hou et al. 2011)

Put: M = 30 and K = 100 8.50 17.35 -1.01 0.49

Put M=30and K=110 478 1564 -059 o031  OWE/P >46 1750 069 031
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Table 3. (Continued)

Standard
Mean deviation Skew Sharpe

Panel F.5: Global equities, E/P (Hou et al 2011)

2 —-0.03 21.66 -0.92 0.00
3 2.39 18.20 —-0.88 0.13
4 3.27 15.07 -0.69 0.22
5 521 15.14 -0.79 0.34
6 7.15 15.31 -1.03 0.47
7 7.56 15.64 -0.84 0.48
8 8.45 15.24 -1.25 0.55
9 10.71 16.68 -0.89 0.64
High E/P 13.04 19.54 -1.23 0.67
Panel F.6: Global equities, momentum (Hou et al. 2011)
Low momentum -1.31 33.25 -0.29 —-0.04
2 0.38 23.83 -0.57 0.02
3 2.57 20.34 —-0.84 0.13
4 2.09 18.35 -1.48 0.11
5 477 15.30 —-0.80 0.31
6 495 14.32 -1.01 0.35
7 5.82 13.78 —-0.98 0.42
8 6.72 14.46 -0.79 0.47
9 7.25 16.35 -0.79 0.44
High momentum 10.74 21.43 -0.42 0.50

model augmented with ACorr (model 2) in Table 4. By
doing so, we explore that the explanatory power of
twonested models are statistically different from each
other and ask what the relative importance of ACorr
factor is. Table 4 shows that augmenting the corre-
lation innovation factor significantly improves the
joint cross-sectional fits across various asset classes.
Differences in R? are 80%, 72%, 71%, 22%, 70%, 77%,
and 30% from panels A to G, respectively, and R?s are
also statistically different from each other at a 5%
rejection level except emerging market sovereign
bonds in panel D (pwal = 13%).?° Third, the p values
from the F test, a generalized version of Shanken’s
CSRT statistic (x? in Table 4) that allows for conditional
heteroskedasticity and autocorrelated errors, show
that the null hypothesis that all pricing errors are zero
(Hypothesis 0: all pricing error = 0) cannot be rejected,
except the case of option portfolios. These results
suggest that the significance of our factor risk pre-
mium is unlikely because of the useless factor bias.
Last, another test is to use independent test assets to
examine the robust significance of the risk premium
associated with our correlation factor.”” We explore
this idea in depth in the next section.

5.4. Alternative Test Assets and Factor Models

The recent literature suggests that there are other risk
factors that price the cross section of returns in dif-
ferent asset classes. For example, Lettau et al. (2014)
show that exposure to downside risk can jointly

reconcile the cross section of multiple asset classes
including equity, equity index options, commodity,
sovereign bond, and currency returns. Similarly, He
et al. (2017) suggest that financial intermediaries’ net
worth is a key determinant of its marginal value of
wealth and present evidence that shocks to the equity
capital ratio of financial intermediaries possess sig-
nificant explanatory power for the cross-sectional vari-
ation in expected returns in many asset markets. In
this section, we explore how well ACorr fares against
the pricing ability of these alternative models in
explaining multiasset class portfolios. Moreover, we
examine whether the factor can improve the pricing
ability using not only our benchmark 120 all-inclusive
portfolios but also independent sets of test assets.

The economic intuition behind the pricing model
using our global equity correlation factor is closely
associated with that of Lettau et al. (2014) and He
et al. (2017). First, equity returns become more inter-
nationally correlated after bad global fundamental
shocks because of the asymmetric valuation effect
that originates from a higher level of risk aversion.
Therefore, as we pointed out in our empirical time-
series analysis in Section 4.2, the global equity cor-
relation is positively associated with the downside
return of global equity market portfolios. Second,
Brunnermeier et al. (2009) show that there is a feed-
back loop between risk aversion rates of the marginal
investor and asset prices. For example, an increase in
global risk aversion coincides with reductions in
speculators” asset positions. Unwinding of those as-
sets further depresses asset prices, exacerbating spec-
ulators’ capital losses, and inducing greater risk aver-
sion. Rey (2013) also notes that the effective risk
appetite of the market is related to the leverage of fi-
nancial market intermediaries. This mechanism is an
important positive feedback loop between greater
credit supply, asset price inflation, and risk aversion.
To the extent that there exists a positive feedback loop
for financial intermediaries, we expect negative cor-
relation between the intermediary capital ratio of He
et al. (2017) and our factor, which is consistent with
our empirical finding in Section 4.2.

We test the marginal contribution of ACorr in
explaining the cross-sectional variation of returns of
multiple asset classes. We do so not only with our
benchmark all-inclusive multiasset portfolios (120 port-
folios) as test assets but also with completely inde-
pendent sets of test assets provided by He et al. (2017)
(104 portfolios)*® and Asness et al. (2013) (48 port-
folios)*” in panels A-C of Table 5, respectively. In each
panel of Table 5, we first run CSR separately based on
each of two alternative factor models of Lettau et al.
(2014) and He et al. (2017) (model 1). We then in-
clude Value-everywhere and Momentum-everywhere
factors as a control in examining the portfolios of
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Figure 2. (Color online) Pricing Errors Plot by Asset Classes
(@)
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Asnessetal. (2013), because value and momentum are
the sole criteria considered in constructing their test
assets. The specification for the CSR test is the same as
in Table 4.

The first column of Table 5 reports the name of var-
iables to be controlled in each regression. We present
misspecification robust t-ratios for the price of covari-
ance risk (t — ratioy,s) and p values for the R? (pvalg._g)
for each of the control factors. Consistent with the
empirical results in the literature, we confirm in our
sample that both the downside risk factor (DR-CAPM)
and the intermediary capital ratio factor (IC"*M) can
explain the spreads in mean returns of multiasset
portfolios with R? ranging from 27% to 42% depending
on the model specifications. The factor price is sta-
tistically significant under the misspecification robust
CSR, and has the expected sign, that is, positive for all
four alternative factors.

We then include our correlation factor along with
the factors described above to evaluate the relative
importance of our factor (model 2 of Table 4). We find
that the price of the covariance risk for ACorr is sta-
tistically significantly different from zero in all cases

(d)
EMBI indices: Bond Beta and Credit Rating
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except the Asness et al. (2013) portfolios with the
downside risk or Momentum-everywhere as a con-
trolling factor. For the economic magnitude of the
pricing power, we have mixed results in terms of
dominance of explanatory power for ACorr with re-
spect to each of the other control variables. Using our
benchmark all-inclusive multiasset portfolios as test
assets in panel A, the normalized price of covariance
risk (Anorm) ranges from —2.81 to —3.43 after control-
ling for IC"®M and DR-CAPM, respectively. These
estimates are similar to those of our main regression
in Table 4, and thus the pricing power of our factor is
not affected by the inclusion of other factors. How-
ever, we also note that the economic magnitude of the
pricing ability of ACorris weaker than our benchmark
case in explaining the portfolios of He et al. (2017) and
Asness et al. (2013) after controlling for those alter-
native factors.”

Model 2 nests model 1 in each panel of the table;
hence, the R?s of the larger model should exceed those
of the smaller model. We formally test whether R%s
of these two nested models are statistically different
from each other under the assumption that the models
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Figure 2. (Continued)
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Notes. The figure presents the pricing errors of the asset pricing model with the global equity risk premium (Refgp) and the global equity
correlation innovation (ACorr) factor. The realized actual excess returns are on the horizontal axis and the model predicted average excess returns
are on the vertical axis. The test assets are 6 carry and momentum portfolios formed on equity index futures in (a) (Koijen et al. 2018), 10 portfolios
using commodity futures in (b) (Yang 2013), 10 portfolios using 10-year treasury bond total-return series in (c), 6 emerging market sovereign
bond portfolios sorted on bond beta and credit rating in (d) (Borri and Verdelhan 2011), 18 index option portfolios sorted on maturity and
moneyness in (e) (Constantinides et al. 2013), 10 carry and momentum portfolios formed on foreign exchange rate futures in (f) (Menkhoff et al.
2012b), and 60 global equity portfolios sorted on size, B/M, C/P, D/P, E/P, and momentum using international stocks in (g) (Hou et al. 2011).
For (h) ((i)), the test assets are 60 (120) all-inclusive portfolios without (with) global equity portfolios. The estimation results are based on the two-

pass OLS-CSR test.

are potentially misspecified.”’ The last column of
Table 5 shows that differences in R? of the cross-
sectional regression are about 4% to 9%, and those
are statistically different from the nested models
without ACorr. These incremental contributions in
explanatory power are relatively small compared
with those in our benchmark case in Table 4 in which

we only control for the global equity risk factor
(Retgiopar)- This empirical result can be reconciled with
the tight empirical and theoretical relationship be-
tween ACorr and the other factors.

Last, we perform CSR tests jointly with the global
version of the three factors of Fama and French (1998)
(FF three-factors model) and the three factors of Hou
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et al. (2011), which include the global market, the
global C/P, and the global momentum factors (HKK
three-factors model). This setup allows us to find the
incremental contribution of our factor in explaining
the joint cross-section of 120 all-inclusive portfolios in
addition to those two sets of three-factors models.
Panel (b) (panel (d)) of Figure 3 shows that the FF
(HKK) three-factors model contributes to the bench-
mark global CAPM model with an increment of 30%
(29%) in R?. After adding ACorr factor to those al-
ternative pricing models, panels (c) and (e) of Figure 3
show that the extended four-factor models now ex-
plain 43% and 50% of the joint variation in returns of
120 all-inclusive portfolios, respectively. This evi-
dence further confirms that ACorr improves the cross-
sectional fit in economically and statistically signifi-
cant ways even after controlling for FF’'s or HKK’s
three factors.

5.5. Robustness

In this section, we explore various empirical measures
of our correlation factor. Given that the United States
plays a dominant role in financial markets, it is
prudent to emphasize the marginal effect of different
weighting on our correlation measure. To illustrate
this, we construct four other measures of the aggregate
intramonth correlation level: Corrgpp, Corryxr, Corrroc,
and Corrpos. The correlation level for Corrgpp (Corryxr)
is estimated by computing the GDP-weighted
(market capitalization-weighted) average over all
bilateral correlations at the end of each month using
the previous quarter’s dollar values of GDP (market
capitalization). The level for Corrioc is the equally
weighted average of bilateral correlation using index
returns in local currency units. Lastly, we consider a
model-based correlation measure (Corrpos), which
relies on the Dynamic Equicorrelation (DECO) model
of Engle and Kelly (2012).%* In Table 6, we verify that
the averages of correlation innovation factors are all
close to zero and highly correlated to each other. These
results suggest that different weighting schemes across
countries do not have a significant effect on the con-
struction of our factor.

Second, we explore different asset pricing test meth-
odologies and present the asset pricing test results
in Table 7. Regarding asset pricing methodologies,
we first use CSR-OLS in panel A. Given that our factor
is a nontraded factor, we use CSR-OLS as our main
methodology because it has a direct interpretation of
the cross-sectional R?, and it allows us to make proper
adjustments for beta estimation errors and misspecifi-
cation errors. In this section, we also run two-pass CSR-
GLS in panel B,*® the Fama-MacBeth regression under
both constant beta and time-varying beta assumption
in panels C and D respectively,®* and use GMMs

methods of Hansen (1982) and Dumas and
Solnik (1995) in panel E.*

In each panel of Table 7, we perform one of the tests
illustrated previously and present the price of co-
variance risk (A1), the price of beta risk normalized by
standard deviation of the cross-sectional covariances
(Aworm), and corresponding t ratios in parentheses. In
each column, we use one of the five different measures
of our correlation innovation factor. Overall, our re-
sults show that we have robust estimates of the price
of risk across different factor construction and asset
pricing methodologies. The economic significance
of the price of risk is stronger under the equally-
weighted correlation measures. This evidence sug-
gests that the cross-country correlations taken from
smaller countries may be a better proxy for correla-
tions coming from the discount rate channel, as im-
plied by the Lucas orchard model of Martin (2013). On
average, one standard deviation of cross-sectional
differences in covariance exposure to our factor can
explain about 3.5% per annum in the cross-sectional
differences in mean return of 120 multiasset portfolios.

Last, as increases in global equity correlation im-
plies greater perception of risk of a global represen-
tative agent, it should forecast future stock market
excess returns. Table A4 in the online appendix re-
ports nonoverlapping time-series regression results
with k-month forecasting horizon in which the de-
pendent (independent) variable is the excess return of
global stock market (detrended level of the global
equity correlation).’® We find that the global equity
correlation positively predicts future excess global
stock market returns up to six-month horizons. The
predictability is also economically significant. Using
three-month forecast horizon as an example, a one
standard deviation increase in the global equity cor-
relation predicts 1.23% additional global stock market
excess return over the following quarter.

5.6. A Special Case: Carry and Momentum
Strategies in the FX Market

Carry and momentum trades are widely known strat-
egies in the FX market. As the strategies draw more
attention from global investors, there have been recent
developments to create benchmark indices and ETFs
reflecting their popularity. Despite the popularity, it
has proven rather challenging to explain those excess
returns through traditional equity-based risk factor
exposures. Moreover, carry and momentum strategies
seemingly have differential risk exposures, and thus it
is difficult to provide risk-based explanations si-
multaneously (Burnside et al. 2011b, Menkhoff et al.
2012b). For this reason, we examine FX carry and
momentum portfolios as a separate piece of testing
ground and aim to show that the cross-sectional
variations in their average excess returns can be
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Figure 3. (Color online) Pricing Errors Plot with FF and HKK Factors
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Notes. The figure presents the pricing errors of the asset pricing model with the global FF three-factors (HKK three-factors) augmented with the
global equity correlation innovation (ACorr) factor. The realized actual excess returns are on the horizontal axis and the model predicted average
excess returns are on the vertical axis. The test assets are 120 all-inclusive portfolios, which consist of 6 carry and momentum portfolios formed on
equity index futures (Koijen et al. 2018), 10 portfolios using commodity futures (Yang 2013), 10 portfolios using 10-year treasury bond total-
return series, 6 emerging market sovereign bond portfolios sorted on bond beta and credit rating (Borri and Verdelhan 2011), 18 index option
portfolios sorted on maturity and moneyness (Constantinides et al. 2013), 10 carry and momentum portfolios formed on foreign exchange rate
futures (Menkhoff et al. 2012b), and 60 global equity portfolios sorted on size, B/M, C/P, D/P, E/P, and momentum using international stocks
(Hou et al. 2011). The estimation results are based on the CSR-OLS test.

explained by different sensitivities to our correlation
factor. We also test whether our factor explains sig-
nificant excess returns of carry and momentum strat-
egies not only jointly but also separately.

Carry and momentum portfolios are the portfolios
where currencies are sorted based on their interest
rate differentials and past returns, respectively. We
refer to all the resulting portfolios as FX 10 portfolios.
The summary statistics of FX 10 portfolios are pre-
sented in Table 8, and the details of portfolio con-
struction methodologies for both carry and momentum
are described in Section A of the online appendix.

We follow the convention in the foreign exchange
literature (Lustig et al. 2011) to include the dollar risk
factor (DOL) in all the main empirical asset pricing tests.
DOL is the aggregate FX market return available to a
U.S. investor and it is measured simply by averaging
all excess returns available in the FX data at each point
in time. Although DOL does not explain any of the
cross-sectional variations in expected returns, it plays

animportant role for FX portfolios because it captures
the common fluctuations of the USD against a broad
basket of currencies. Therefore, we use DOL as a
control variable instead of the global CAPM (Retgiopar)
in this section.

Table 9 presents the results of the second pass CSR
using two factors: DOL and ACorr. We first examine
carry and momentum portfolios separately to un-
derstand whether the explanatory power of the cross-
sectional differences in mean return is mainly driven
by one particular type of strategy. Then, we jointly
estimate the price of covariance risk using the com-
bined assets: FX 10 portfolios.

In Section 5.3, we show that ACorr factor is nega-
tively priced across many asset classes including the
foreign exchange market. We confirm the empirical
result in panel A of Table 9 that ACorr is negatively
priced after controlling for the dollar risk factor in-
stead of the global equity risk premium. Moreover,
the price of covariance risk is statistically significant
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Table 6. Moments of Correlation Innovation Factors

Panel A: Correlation level

Corr Corrcpp Corrypxr Corrroc Corroos
Mean 0.39 0.27 0.27 0.33 0.39
Volatility 0.19 0.17 0.17 0.21 0.17
Correlation
Corrgpp 0.84
COT}’MKT 0.79 0.97
Corrroc 0.81 0.71 0.67
Corroos 0.94 0.79 0.75 0.83

Panel B: Correlation innovation

ACorr ACOTVGDP ACOI’I’MKT ACOTVLOC ACOT’TOOS
Mean 0.00 0.00 0.00 0.00 0.00
Volatility 0.12 0.16 0.17 0.13 0.05
Correlation

ACorrgpp 0.61

ACOT}’MKT 0.55 0.96

ACorrroc 0.63 0.48 0.45

ACorroos 0.77 0.50 0.45 0.51

Notes. This table reports sample statistics of global equity correlation
innovation factors. From the first to the third columns, the correlation
levels are measured by computing bilateral intramonth correlations
using daily return series of international MSCI equity indices (in
USD). For Corr, we use the equally weighted average of all bilateral
correlations. For Corrgpp (Corrykr), the aggregate correlation level is
estimated by computing GDP-weighted (market capitalization—weighted)
average over all bilateral correlations. For Corr;oc, daily return series of
international MSCI equity indices in local currency units are used to
compute bilateral intramonth correlations. We take the equally
weighted average of all bilateral correlations. Corrpps is measured by
DECO model (Engle and Kelly 2012) where parameters are estimated
on the data available at the point in time and updated with expanding
window as we collect more data. The correlation innovations are
measured by taking first difference of each of the correlation level
series. The sample covers the period March 1976 to December 2014.

with a high level of R? regardless of whether the cross-
sectional regression is performed on carry and mo-
mentum portfolios separately or jointly. With respect
to FX 10 portfolios in the table, the price of covariance
risk is statistically significant under the estimation
error adjustment of Shanken (1992) and the mis-
specification error adjustment, with a t ratio of —3.48
(t-ratios) and —3.20 (t-ratioy,s), respectively.37 As in
Section 5.3, we also take an additional step to tackle
the issue of useless factor bias in Kan and Zhang
(1999). We do this by checking that the betas to the
correlation factor between high and low portfolios
are significantly different from each other (Beta Spread
in Table 9). The p values of the test of Patton and
Timmermann (2010) under the null hypothesis of zero
beta spread (HO: |85 — 1| =0) show that the beta
spreads are statistically different from zero at a 5%
rejection level for both carry and momentum port-
folios. Overall, we have high explanatory power over
the cross section of average returns across carry and
momentum portfolios. We find that ACorr could yield
statistically and economically significant cross-sectional

fit with OLS R? of 96%, 86%, and 82% for carry only,
momentum only, and FX 10 portfolios, respectively.

We next ask whether our asset pricing results are
driven by our choice of the portfolio construction
strategy. To address this issue, we construct alter-
native sets of carry and momentum portfolios, and
panel B of Table 9 reports the asset pricing results
using those test assets. To construct the alternative FX
portfolios, we sort currencies based on their 10-year
interest rate differentials instead of 1-month forward
discount for carry and sort on their excess returns
over the last 1 month instead of 3 months for mo-
mentum. To show the validity of the alternative
portfolios as test assets, we report thee average an-
nualized average returns for High Minus Low port-
folios (HML Spread in Table 9), and associated p values
under the null hypothesis that HML Spread are not
statistically different from zero. Last, we perform the
monotonicity test of Patton and Timmermann (2010)
and find that average portfolio returns are mono-
tonically increasing with underlying characteristics
(pvalyonotonicity)- Using these alternative sets of FX
portfolios, ACorr can still yield a similar level of cross-
sectional fit with OLS R? of 91%, 78%, and 79% for
Carry only, Momentum only, and FX 10 portfolios,
respectively.

In Table 10, we test whether the inclusion of our
correlation factor improves the explanation of carry
and momentum portfolios after controlling for factors
discussed in the FX literature. Those factors include
(i) FX volatility innovations from Menkhoff et al.
(2012a), (ii) FX correlation innovation from Mueller
et al. (2017), (iii) the TED spread, (iv) the global av-
erage bid-ask spread from Mancinietal. (2013), (v) the
global liquidity measure from Karolyi et al. (2012),
(vi) the global Fama-French three factors, (vii) the
global momentum factor and high-minus-low risk
factors from excess returns of portfolios sorted on
interest differentials, (viii) the FX carry factor from
Lustig et al. (2011) and sorted on past returns, and
(ix) the FX momentum factor of Menkhoff et al. (2012b).

Consistent with the empirical results from the FX
literature, we find in Table 10 that the FX volatility,
the FX illiquidity, and the FX carry factors can ex-
plain the spreads in mean returns of carry portfolios
with R? ranging from 35% for the TED spread factor
to 72% for the FX carry factor. The factor price is sta-
tistically significant under a misspecification robust
cross-sectional regression, and has the expected signs,
that is, negative for the FX illiquidity and the FX vol-
atility factors and positive for the FX carry factor.

We then include our correlation factor along with
other factors described above to evaluate the relative
importance across those factors (Table 10, model 2).
We find that the prices of the covariance risk for
our correlation factor are statistically significantly



Global Equity Correlation in International Markets

Management Science, 2021, vol. 67, no. 11, pp. 7262-7289, © 2021 INFORMS

Bae and Elkamh

7282

F10T 12queaQ

0} 9761 Yorey porrad oy s10A00 apdwres sy ‘WIND pue 1yjagovN-vuv] 10§ sasaypuared ur payrodear a1e (F661) 1S9M-A9MaN WOIJ UONIS[ES Sef dnewoine yIrm oner j pajsnipe uone[riodomne
pue Aj1sepaysoIa1dy YL 'STO-YSD Pue §TO-YSD 107 sasayjuared ur payrodar are (¢107) Te 3@ uey woaj sorel 7 3snqox uoneoywadsstur ay, “(xrpuadde auruo a3 Jo (q Uonoag 33s) s1030Ly
[SLI 3} JO UORdUNJ Ieaul] e aq 03 [purey Surdrid auy Surjoads Aq six jo ao1xd ayy amseauwr am ‘N 10,1 "dun} SSOIde SSII Jo 90Ld a8eIaAe 9y} 9q 0} PAUTULIDRP SI 10J0e oea Jo wmrwaid YSLI oy}
pue ‘sysD uniam ‘ssed puodas ay} ur ‘porrad suwm Yoea 1 'S1030] NSII A} 0 19 SUTATLA-IWT) §,19SSE DL 9)eUIT}SS 0] SMOPUIM JJUOW-()9 SUTTOI }TM SUOTSSII3T SATISS-IWIT} UNI M ‘INT09 S11]10Y]
13agovIN-UIUD ] J0,] "W} SSOIdE SLI Jo 9o11d a8eIaAe o) ¢ 0) PaUTWLISIAP ST 1030k Ydea Jo wnnuaid st ay ], “porrad awm yoes Je sygD) uniam ‘ssed puodss sy Uy *'§70-3 S S dWes d) ST UOISSaI3ax
ssed 1s11J AUy “0jduIvS-ur yjagoviN-vir 10, "1030€] oed Jo wnruaid YSII a1} SUTULIDIdP 0 Se}aq PajewT)sd U} jsurede PassaIdar are sumjar a3eIoAe ,S1asse 159) dIM SYYSD) uni am ‘ssed puodas
A} U] "SI030kJ SLI 9} 0 B} S,19SSE [DLa 9)LWI)Sd 0} SUOISSII3DT SILISS-IWT) UNLI 9M ‘ssed JSI1y 9 U] "U0ISsaIda1 (§79) §TO [eU01das-sso1d ssed-omy au s (STH-YSD) STO-YSD “soroaod sorjoprod
QAISNOUI-[[e ()] 91 S)asse 389} A [, "S[Ppour Sumiid 1asse Jo SWIOf SNOLIRA S} WOIJ SI0}OR] UOTAOUUT UOTje[aL10d Aymba [eqor8 ay 105 3six aouerreaod jo aorid oy syrodar a[qe) Syl ‘SaHoN

(egT) (ze'1-) (Tre) Fri-) (16'1-) (¥5°0) (€6'1-) (zs0) (Sr'e-) #9°0-) o1~}
669~ ¥L¢— 899~ 9T ¢~ 90°C- 09'T 16T~ €51 786 oA ity
691~ Gee— 96'G— €67~ 8¢~ [l GLE- 8¢l 95'6~ 60— %
INIAD H TPued
(Fee-) (6170 (0T (8%2) (1¥'1-) (6270 (£6°1-) (990) (1€%-) (1772 oI~
8T~ 69°¢ 65T~ 0¥ GTT- 9¢¥ 61T~ 9T¥ €5 76°¢ oty
€6'9— 8T¥ 90C— 89'F W g0's G- €6 9G'¢— Y v
IN0O9 Sur[o1 yegoeN-ewe]  [Pued
(1T9-) (160 (0e%-) (882 (crer) (Tre) (cLe-) (119 (80°6-) (290 01}
887~ 68'¢ [Xowa /8¢ 8T 60F W Ty 5¢- 9°¢ oty
CCFI— ¥LY ¥0' L~ 8L¥ 05— 96'F 99F— 00'S 66'CI— 1574 %
ordures-ur yjagoe-ewe] 1D [PuRJ
(29%-) (96'1-) (¥02-) (z00) (10°0) (69°¢-) (9:0-) Hogv.-1
79— 8cc— 89F— €00 100~ $6'C— 6T~ oty
601~ F0¢— 16— Th— 0S¢ €00 09'C- 100~ 1T~ 9T’ T~ %
STO-¥SD g [Pued
(10°¢-) (Sr'1-) #9-) (z6'0-) (L1T) (220 Fre) (S2°0) (er°e-) (TL00) Ho3v.-1
049~ Gerg— GG'9— 10°¢— 66'C— GLT 6T 041 04— 20T oty
€€91— 0°¢— 186 | VAra 197~ 8c'T 69'F— ST SP6- 98T~ 14
ST10-¥SD -V Pued
mOO\EOUQ NSNEUEM UOH&QUQ E&EUMNNN .HMSC\SUQ EQSU“NM QDU\:QUQ EQSQNNM 110DV EQEQNNM
500410 °g 2011400 § DIN10) ¢ das1i00) g 440D °T

§3S9], SUIdII] }9SSY PUE SI0JOL] SATRUIAY /L d|qel

‘pansesal sIyBU e ‘Ajuo asn feuosied 104 " TZ:H0 ® ‘2202 Jequean 9T Uo [T¥T122Z 05T ¢iT] Aq Bio'swiiojul wolj papeojumod



Downloaded from informs.org by [142.150.222.141] on 16 December 2022, at 04:21 . For personal use only, all rights reserved.

Bae and Elkamhi: Global Equity Correlation in International Markets

Management Science, 2021, vol. 67, no. 11, pp. 72627289, © 2021 INFORMS 7283
Table 8. Summary Statistics of Test Assets in the FX Market
All countries (44) Developed countries (17)
Low 2 3 4 High HML Low 2 3 4 High HML

Panel A: Carry: Portfolios sorted on forward discounts

Mean -1.67 0.10 1.91 3.39 5.10
Median -1.49 1.40 2.35 4.75 9.21
Standard deviation 9.14 9.13 8.45 8.92 10.07
Skewness -0.10 -0.43 0.00 -0.44 -1.05
Kurtosis 441 4.66 4.12 4.65 6.99
Sharpe Ratio -0.18 0.01 0.23 0.38 0.51
AR(1) 0.03 0.01 0.04 0.07 0.13
Thill Yield 2.56 4.11 5.49 7.27 10.15
Size 4.46 3.57 2.01 1.80 1.48

6.77 —-0.88 -0.77 1.25 2.58 4.48 5.37
9.90 -0.52 1.54 241 3.92 524 9.39
7.95 10.02 9.79 9.08 9.56 10.73 9.33
-1.84 0.05 -0.16 -0.16 -0.42 —-0.40 —-0.58
6.25 3.77 3.90 4.08 5.05 5.00 491
0.85 -0.09 —-0.08 0.14 0.27 0.42 0.58
0.14 0.00 0.06 0.05 0.06 0.08 0.08
7.59 217 3.71 4.85 5.93 7.96 5.80
-2.98 10.02 9.06 5.09 5.64 2.88 -7.14

Panel B: Momentum: Portfolios sorted on past excess returns

Mean -1.29 -0.18 1.50 2.79 6.29
Median -0.27 1.27 221 3.19 6.46
Standard deviation 9.63 9.29 9.21 9.00 9.01
Skewness -0.20 —-0.40 -0.20 -0.27 -0.26
Kurtosis 4.67 4.63 4.50 4.16 4.55
Sharpe Ratio -0.13 -0.02 0.16 0.31 0.70
AR(1) 0.04 0.06 0.01 0.05 0.06
Thill Yield 5.57 5.50 5.80 6.25 7.67
Size 3.38 2.98 2.90 2.57 2.39

7.58 -1.32 1.58 1.24 1.84 3.69 5.01
7.34 -0.49 2.45 2.55 321 4.96 6.38
8.23 9.90 10.04 10.32 9.85 9.47 9.37
-0.14 -0.12 -0.18 -0.34 -0.13 -0.14 -0.03
3.84 5.18 427 4.02 3.90 411 4.03
0.92 -0.13 0.16 0.12 0.19 0.39 0.53
-0.08 0.04 0.04 0.06 0.00 0.02 —-0.06
2.10 4.11 4.60 5.01 5.22 5.41 1.30
-0.99 9.84 6.41 5.39 5.35 5.94 -3.90

Notes. The table reports statistics for the annualized excess currency returns of currency portfolios sorted as follows. Carry is currency portfolios
sorted on last month’s forward discounts with one-month maturity (panel A), and momentum is currency portfolios sorted on their excess return
over the last three months (panel B). All portfolios are rebalanced at the end of each month, and the excess returns are adjusted for transaction
costs (bid-ask spread). Portfolio 1 contains the 20% of currencies with the lowest interest differentials (or past returns), whereas portfolio 5
contains currencies with the highest interest differentials (or past returns). HML denotes differences in returns between portfolio 5 and 1. We use
three-month treasury-bill yield for Tbill Yield, and the percentage of GDP relative to the total sum of GDP for the size. The excess returns cover

the period March 1976 to December 2014.

different from zero in all cases. For the economic
magnitude of the pricing power, ACorr factor domi-
nates each of the control variables. The normalized
price of covariance risk (A,omm) ranges from —1.83
to —2.90 after controlling for SMBgjpps and AFXy,,
respectively. These estimates are similar to the esti-
mates from Table 9, and hence the pricing power of
our factor is not affected by the inclusion of other
factors in the previous literature.’® Contrary to that,
we find that none of the control variables has statis-
tically significant price of risk, with the highest level
of the t ratio of 1.26 for SMBgjepa factor. The signifi-
cance of our factor after controlling for AFXc,,, also
suggests that the pricing power of ACorr is mainly
driven by comovements in international equity
returns and not by the correlation dynamics in the
FX market.

5.7. Correlation Innovation and Volatility Innovation
An increase in the perception of aggregate risk is as-
sociated with the common component in the comove-
ment of international equity market portfolio returns,
and it is unobservable in practice. The changes in the
common variation can be sourced from two parts:
innovations in average volatility and innovations in

average correlation. The two components tend to be
correlated;® hence, we analyze the source of pricing
power in the cross section of returns.

To investigate this, we construct the global equity
volatility innovation factor using the first difference
in aggregate volatility. The aggregate volatility is
measured by averaging intramonth realized volatil-
ities for all MSCI equity market indices to be con-
sistent with our correlation factor. We design two
empirical tests to identify the source of explanatory
power. In the first test, we orthogonalize our correlation
innovation factor (ACorr) against the global equity
volatility innovation factor (AVol). We then perform
CSR-OLS on 120 all-inclusive multiasset portfolios
and FX10 portfolios using the correlation residual
factor (ACort,.4) after controlling for the effect of
AVol. In the second test, AVolis orthogonalized against
ACorr and the volatility residual factor (AVola) is
used jointly with ACorr. The results from the formal
testare shown in panel A and those from the latter test
are shown in panel B of Table 11.

Panel A shows that the price of risk to our corre-
lation factor ACorr,. is economically and statisti-
cally significant after orthogonalizing the volatility
components. Although AVol still remains significant,
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Table 9. CSR Tests in the FX Market

Carry only Momentum only Both

Factor DOL ACorr DOL ACorr DOL ACorr

Panel A: Benchmark portfolios

A 3.39 -26.33 0.93 -16.08 1.50 -18.70
Anorm 0.06 -2.60 0.04 -2.67 0.05 -2.39
t-ratiog, (1.53) (=5.52) (0.46) (~6.29) (0.74) (~7.89)
t-ratio (0.47) (-1.78) 0.21) (-3.32) (0.30) (=3.48)
t-ratiogs (0.40) (~1.68) (0.19) (~2.89) 0.27) (~3.20)
R? 0.96 0.86 0.82

poalg: g [0.00] [0.00] [0.00]

X 0.001 0.006 0.011

pvﬂlPricing error=0 [0.81] [0.28] [0.65]

Beta Spread 0.015 0.019

PWlBem spread =0 [004] [003]

HML Spread 6.77 7.58

pvalHML spread =0 [000] [000]

pvalMonotunicity [OOO] [OOO]

Panel B: Alternative portfolios

A 1.06 -15.69 3.35 -21.05 2.18 -18.96

Anorm 0.04 -1.41 0.15 -2.38 0.12 -1.81

t-ratiop, (0.50) (-3.96) (1.50) (-5.03) (1.05) (=6.21)
t-ratio, (0.23) (-1.87) (0.56) (-1.92) (0.43) (-2.51)
t-ratiog, (0.20) (~1.85) 0.51) (~1.86) (0.37) (~2.49)
R? 091 0.78 0.79

poalge _g [0.00] [0.04] [0.00]

X2 0.001 0.002 0.004

pvall’ricing error=0 [0.83] [0.60] [0.96]

Beta Spread 0.008 0.015

PWIBem spread =0 [013] [006]

HML Spread 4.45 7.28

pvalHML spread =0 [000] [000]

pvulMonotunicity [OOO] [000]

Notes. The table reports cross-sectional pricing results for the factor model based on the dollar risk factor
(DOL) and the global equity correlation innovation (ACorr) measured by taking the first difference on the
average intramonth bilateral correlations. The test assets are a set of carry portfolios (1-5), and a set of
momentum portfolios (1-5). For the carry portfolios, currencies are sorted into portfolios on the basis of
1-month (10-year) maturity interest rate differentials embedded in the forward contract in panel A (panel
B). For the momentum portfolios, currencies are sorted into portfolios on the basis of their past 3-month
(1-month) excess returns (panel B). The market price of covariance risk A and the price of covariance risk
it normalized by standard deviation of the cross-sectional covariances A, are reported. The f ratios of
Shanken (1992) under correctly specified models accounting for the errors-in-variables problem (f-ratios)
and the misspecification-robust f ratios of Kan et al. (2013) (t-ratioy,s) are reported in parentheses. The p
value for the test of HO : R? = 0, the p value for approximate finite sample p value of Shanken’s CSRT
statistic (a generalized x? test), and the p value for the test of Hypothesis 0: |85 — 1| = 0 (Patton and
Timmermann 2010) are reported in square brackets. We also report the average annualized returns for
HML portfolios (HML Spread), the p value for the test of Hypothesis 0: HML Spread = 0, and the p value for
the monotonic relationship test from Patton and Timmermann (2010).

the cross-sectional fit on 120 all-inclusive (FX10)
portfolios can be improved by 19% (28%) by adding
ACor7,.5;4, and this difference in R? is also statistically
significant. However, the opposite is not true. In
panel B, the global equity volatility innovation (AVol)
does not have pricing power after removing the
correlation component. The t ratios drop to —1.10
(=0.45) from —2.80 (—2.24) and the difference in R?

becomes marginal 8% (1%) when the test is performed
in 120 all-inclusive (FX10) portfolios. Therefore, we
conclude that innovations in the average correlation
rather than volatility reveal changes in the true per-
ception of aggregate risk more clearly. This finding is also
consistent with Driessen et al. (2009) that the corre-
lation risk is priced but not the average of all individual
variance risk in the cross-section of option returns.
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6. Conclusion

Although the asset pricing literature echoes the im-
portance of understanding the main drivers of the
pricing kernel across markets and asset classes, the
list of robust candidates is still short. In this paper, we
build a simple model to motivate that the innovation
in correlation across equity markets is a good proxy
for the global risk aversion and a viable pricing factor
across markets and asset classes. We present a series
of empirical results supporting that our factor ex-
plains the cross-sectional differences in excess returns
of awide array of asset classes including global equities,
commodities, developed and emerging market sov-
ereign bonds, foreign exchange rates, and options. By
showing that a factor constructed from the interna-
tional equity market can explain abnormal returns in
various markets, we shed some light on the discussion
of the linkage between markets and their risk premia.
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Endnotes

! The correlation-based factor as a measure of the aggregate risk can
also be motivated by the analysis in Pollet and Wilson (2010). They
document that because the aggregate wealth portfolio is a common
component of all assets, the changes in the true aggregate risk reveal
themselves through changes in the correlation between observable
stock returns. Therefore, an increase in the aggregate risk must be
associated with increased tendency of comovements across inter-
national equity indices.

2Given that the United States plays a dominant role in financial
markets, we construct two alternative measures of the aggregate
intramonth correlation levels: GDP and market capitalization weighted
average of all bilateral correlations. We show that different weight-
ings do not have a large effect on the pricing power of our factor.

®Equity returns become more internationally correlated after bad
global fundamental shocks because of the asymmetric valuation effect
that originates from higher level of risk aversion. This asymmetric
response because of time variability in GRA is consistent with our
model. It also relates our factor to the downside CAPM of Lettau
et al. (2014) and intermediary capital shocks of He et al. (2017).

“See Rey (2013) and Bekaert and Hoerova (2016) for evidence on VIX
and variance risk premia.

*We rely on the asymptotic distribution of the sample R? in the
second-pass CSR as the basis for this specification test.

®We thank an anonymous referee for this suggestion.

7 Although the independence is not necessary in our setting, we use it
for two reasons. First, it simplifies the notations. Second, it reveals
that we can endogenously generate correlation dynamics even in the
absence of correlated dividend.

8 When goods in one country is not substitutable from goods in other
countries (1 =1), S;; becomes constant (S;; = 6;). In this case, the
relative price of good 7 increase just enough to compensate a negative
supply shock to D;;. Therefore, the relative size of economy in a
common base currency always remains constant as in Hassan (2013).
In the other extreme case, when goods are perfectly substitutable
(n = ), the prices are the same across all countries, and the exchange
rate is constant (e;; = 1). With n = oo the relative size of country i is
snnply the dividend share S;; = ﬁ, as in Cochrane et al. (2008).

% In the empirical sections of our paper, we use the global stock market
return as a control variable because the marginal utility can also be
rewritten as a function of two factors: unexpected changes in GRA
and the global stock market return (Ry — E:[Rq +]), which is the size-
weighted average of stock market returns (ZWN:] Sut(Riut — E[Rut])).
In the online appendix, we show that Equation (8) can be noted

dAu dAis a VS ])Z,, 1snﬂ<nvﬂd3nz dy: _ d}’ _
= E (%] 2B, + DR St i p pin)

mmst EilRy .

0 Cochrane et al. (2008) is a special case of this model. If the risk
aversion is constant (y; =y and a = 0), goods are perfectly substi-
tutable (17 = c0) and only two countries exist in the world, the price-
dividend ratio converges to the one in Cochrane et al. (2008).

Vie =gt [1+ (552) In(1 - $10)
(s

In this case, there is no common driver that governs the time variation
of the valuation ratios across all countries. Instead, there exists the
cross-sectional variation in Vj; through the relative size of country
(Sit), and the valuation ratio is marginally time-varying through the
time variation in the distribution of relative sizes. In other words, a
positive correlation can be endogenously generated in the model, but
the model cannot generate the dynamics of the average comovement
among international equity returns.

as follows:

" The level of bilateral correlation between two equities i and j de-
pends on the size of two countries (S;; and S;;) and GRA (yy). If
country i is large, changes in the relative size of country i have a
greater implication for the relative size of country j. Moreover, the
larger country i is, the greater the influence on GRA from the
country’s dividend shock. Therefore, the level of bilateral correlation
between two equities i and j is higher if the size of both countries
is larger.

2The choice of countries is dictated by data availability for the
portfolio construction and our empirical results are not sensi-
tive to our selection of countries. We also construct ACorr using
MSCI equity indices in local currencies in Section 5. We show
that the equity correlation innovation is not largely affected by
currency correlation.

B First, for a stock to be included in our data set, at least one of the six
financial variables must be available for a minimum of one year. Second,
we only select common stocks that are traded on the country’s major
exchange(s), excluding preferred stocks, Real Estate Investment Trust
(REIT), depositary receipts, warrants, and closed-end funds. Third, we
set both R; and Ry to missing if Ry or R is greater than 300% and
(1+R)(1 + Ris1) — 1 < 50%. Fourth, we drop observations with pre-
vious month price less than $1.00 to reduce errors in Datastream.
Fifth, firms are required to have at least 12 monthly returns. To
limit the survivorship bias, we include dead stocks in the sample.
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' See www.globalfinancialdata.com.
5See http: //pages.stern.nyu.edu/~asavov /alexisavov.

" For robustness, we consider other model-free measures of our
correlation factor weighted by GDP and market capitalization of
countries. We also consider a model-based correlation measure that
relies on the DECO model of Engle and Kelly (2012). We report the
details of alternative models for measuring the correlation factor in
Section 5.5.

7 Based on an augmented Dicky-Fuller stationary test and Breusch-
Godfrey serial dependence tests (untabulated), ACorr is stationary.
Therefore, it is a statistically valid factor under an unconditional CSR
framework. Furthermore, given that we rely on the unconditional
cross-sectional regression as our main test, the existence of auto-
correlation should not affect the validity of our test.

BGee https: //www.nancyxu.net/risk-aversion-index.

¥ Those include S&P/ASX 200 for Australia, EURONEXT BEL-20 for
Belgium, S&P/TSX60 for Canada, SMI for Switzerland, HS CHINA
ENT for China, IBEX-35 for Spain, OMXH 25 for Finland, CAC 40 for
France, FTSE 100 for the U.K., DAX for Germany, HANG SENG for
Hong Kong, FTSE MIB for Italy, NIKKEI 225 for Japan, KOSPI 200
for Korea, AEX for Netherlands, TAIEX for Taiwan, and S&P 500 for
the U.S. Index option data are from Option Metrics.

- Equity, Internal .
® The global commonality in returns (Corr; """ ™™ for each stock is

the R?s from the following within-month regression: Ret;;q = ;4 +
2}?1 bisjRety,avj + €ira, Where Rety,; denotes the global equity
return. ACorri ™™™ is the change (the first differences) in the
value-weighted average of the commonality in returns across all
countries. Market microstructure issues such as different time zones
and stale prices of smaller countries can be mitigated for the internal
correlation measure.

# Consistent with this time-series regression result, our cross-sectional
asset pricing test results also hold for the intracountry correlation.
However, we find that the price of covariance risk is lower than that
estimated from our benchmark (intercountry) global equity correlation
factor, which highlights the importance of the international dimension
in the factor construction.

ZPanel A of Figure A1 in the online appendix compares ACorr with
the correlation of FX returns against USD and the average correlation
of FX returns against all other base currencies. Panel B of Figure Al in
the online appendix plots the correlation of 10-year treasury bond
total returns with the FX correlation. Panel B illustrates that the
correlation of treasury bond returns is almost entirely driven by the
correlation of FX returns.

B Kan et al. (2013) emphasize that statistical significance of the price
of covariance risk is an important consideration if we want to answer
the question of whether an extra factor improves the cross-sectional
RZ. They also show how to use the asymptotic distribution of the
sample R? in the second-pass CSR as the basis for a specification test.

#We describe the details of portfolio construction methodologies for
the FX carry and momentum in Section 5.6 as a special case.

BKan et al. (2013) show empirically that misspecification-robust
standard errors are substantially higher when a factor is a non-
traded factor. That is because the effect of misspecification adjustment
on the asymptotic variance of beta risk is potentially large because of
the variance of residuals generated from projecting the nontraded
factor on the returns. It is thus important to note that our correlation
factor, although not being traded, has a highly significant ¢ ratio.

% None of the intercepts of the extended two-factor models (model 2)
are statistically significant. We present intercepts of those regression
models in Table A2 of the online appendix.

We thank an anonymous referee for this suggestion.

#The 104 portfolios include Fama-French 25 size-value sorted
portfolios, 10 maturity sorted U.S. government bonds, 10 yield spread
sorted U.S. corporate bonds, 6 sovereign bonds, 18 moneyness and
maturity sorted S&P 500 index options, 23 commodities, and 12 carry
and momentum sorted foreign exchange rates. We exclude Credit
Default Swap (CDS) portfolios because of short sample periods.

®The 48 portfolios include 6 value and momentum portfolios con-
structed from the U.S. stock market, the U.K. stock market, European
stock market, Japanese stock market, international equity indices,
foreign exchange rates, fixed income securities, and commodities.

%®'We find that the portfolios of He et al. (2017) and Asness et al. (2013)
are U.S.- and equity-centric, respectively. Our factor generally has
higher estimated prices of risk using global-centric multiasset portfolios.

¥ The R?s of two nested models are statistically different from each
other if and only if the covariance risk (1) of the additional factor is
statistically different from zero with misspecification robust errors.
Therefore, we perform a statistical test on the price of covariance risk
of our correlation factor under the null hypothesis of zero price
(Hypothesis 0: Apcorr = 0). Although we only show the case for the
price of covariance risk, similar results can be obtained from the tests
of the price of beta risk.

% An implicit assumption behind our realized correlation measures is
that all parts of returns are perceived as shocks by investors. To
mitigate this issue, we implement the DECO model and describe the
details of the model in the online appendix (Section C). Although the
model is implemented in an out-of-sample manner, it is still not a
fully conditional model because the standardization process involves
estimating an unconditional mean at each time t. We perform an
additional robustness check with a conditional mean assumption and
confirm that the pricing results are similar to empirical results re-
ported in this section.

¥ CSR-GLS s a different way of measuring and aggregating sampling
deviations. Although GLS may be of greater interest from an in-
vestment perspective, we use OLS in our main analysis and GLS as
robustness check because our focus is on the expected returns for a
particular set of test portfolios.

¥ Following the tradition in the literature, we use a rolling 60-month
window for the estimation of time-varying portfolio beta. We correct
for heteroskedasticity and autocorrelation in errors by using the
standard errors of Newey and West (1987) computed with optimal
number of lags according to Newey and West (1994).

% We report the details of the GMM methodology and underlying
assumptions in the online appendix (Section D). The basic assump-
tion is that stochastic discount factor (SDF) is linear in our fac-
tors (my41 =1~ AporL(DOLys1 — pipor) = Acorr(AC0rT141 — liacorr)). Stan-
dard errors are also corrected for heteroskedasticity and autocorrelation
with optimal number of lags using Newey and West (1994).

% To detrend the level of correlation, in panel A, we run the following
time-series regression, Corr; = a +f-t+¢€;, and we define the re-
sidual of the regression (¢;) as a detrended level of the global equity
correlation (Cortgetrended,t)- In panel B, we subtract 12-month expo-
nential moving average (EMA) from the level of correlation.

3 The price of the covariance risk, Ay, in Table 9, is also econom-
ically significant, because one standard deviation of cross-sectional
differences in covariance exposure can explain about 2.39% per
annum in the cross-sectional differences in mean returns across FX
10 portfolios.

% Regarding alternative downside market risk explanations, Jurek
(2014) demonstrates that crash risk premia account for around 10% of
the excess returns of the carry trade. We also control for downside
beta with respect to the world equity market risk factor as in Lettau
et al. (2014) and find our results are robust.


http://www.globalfinancialdata.com
http://pages.stern.nyu.edu/~asavov/alexisavov
http://pages.stern.nyu.edu/~asavov/alexisavov
http://pages.stern.nyu.edu/~asavov/alexisavov
http://pages.stern.nyu.edu/~asavov/alexisavov
https://www.nancyxu.net/risk-aversion-index
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¥ The estimated correlation coefficient between the aggregate vola-
tility innovation and correlation innovation is 0.49 from March 1976 to
December 2014.
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