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Abstract

This dissertation consists of two essays in empirical international asset pricing. In the first
essay, I document carry trade returns based on the moments extracted from options on the
underlying currencies.! I establish three important results. First, a currency pair is predicted to
have greater excess returns if option-implied returns are more volatile, are more left-skewed,
and have fatter tails than the returns of other currency pairs. Second, strategies based on
option-implied information improve on benchmark strategies based on realized market returns
and macroeconomic data. Third, if the option-implied returns of a currency pair are more left-
skewed than in the past, anti-carry trades rather than carry trades perform better.

In the second essay, I examine the relation between ex ante skewness and the cross-section
of country-specific index returns. I show that the ex ante skewness measured using country-
specific index options is negatively related to country-specific returns in the cross-section. The
results are robust to controlling for volatility risk, macroeconomic variables, sensitivities to the
international factor risks, and realized return moments. Trading strategies based on ex ante
skewness which outperform benchmark strategies based on the aforementioned control vari-
ables. I also provide evidence of time-series return predictability using ex ante skewness for
Asian and non-euro area European countries. These results suggest that investors in interna-

tional indices are compensated for the exposure to skewness risk.

I This essay is published in the Journal of International Money and Finance 78, November 2017, Pages 1-20.
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Chapter 1

Introduction

An extensive literature discusses the advantages of international investments. Errunza,
Hogan, and Hung (1999) and Eiteman, Stonehill, and Moffett (2012) document that such
investments benefit the investors from participating in the growth of foreign countries, di-
versifying their portfolios, and reducing the volatility at the same return. An internationally
diversified portfolio enlarges the opportunity set and extends the efficient frontier by the intro-
duction of foreign assets which are of less than perfect correlation with the portfolios within
the domestic opportunity set.’

Institutional investors allocate their assets under management globally to seek these ad-
vantages. For example, PricewaterhouseCoopers (2015) reports that in 2014 domestic eq-
uity funds accounted for 45% while world equity funds accounted for 13%, or $1.04 trillion,
within investment funds.? PricewaterhouseCoopers (2016) discloses that the largest three pen-

sion funds in the U.S. allocate 19.1% of their total assets in the foreign investments in 2015.

1See Solnik (1995), DeSantis and Gerard (1997), Coeurdacier and Guibaud (2011), and Bergin and Pyun
(2016) for a detailed discussion of advantages of the international diversification. Recent papers, such as Longin
and Solnik (2001), Christoffersen, Errunza, Jacobs, and Langlois (2012), Hodrick and Zhang (2014), document
that the correlations have increased obviously within developed countries and Ghysels, Plazzi, and Valkanov
(2016) show that realized return asymmetry in the emerging markets leads to gain in the international portfolio.
However, the literature agrees that the benefits from international diversification still significantly exist in general.

2Itis also worthwhile to note that U.S. pension funds outsource 33% of their total assets to the external portfolio
management through investment funds, based on the reports in PricewaterhouseCoopers (2015).

3The largest three pension plans in the U.S. based on the assets under management are Federal Retirement
Thrift, California Public Employees, and California State Teachers. See PricewaterhouseCoopers (2015).



Moreover, Investment Company Institute (2017) reports that 14% of total U.S. mutual fund
and Exchange-Traded Fund (ETF) assets, or $2.65 trillion, invest in the world equity as of year-
end 2016.* Other institutional investors, such as hedge funds, private equities, and insurance
companies, also allocate and invest their assets globally.”

In our empirical analysis, we find ex ante international characteristics and provide profitable
trading strategies for such institutional investors who allocate their assets in the international
markets.® Most of the empirical literature examines the relation between returns and option-
implied information in an extensive financial assets and instruments. For example, Chang,
Christoffersen, and Jacobs (2013), Conrad, Dittmar, and Ghysels (2013), DeMiguel, Plyakha,
Uppal, and Vilkov (2013), Kozhan, Neuberger, and Schneider (2013), and Bali, Hu, and Murray
(2017) document this relation in the U.S. stock markets, while Navatte and Villa (2000) and
Muzzioli (2013) document that in the French and Italian stock index markets, respectively. All
of the above researches involve the stock index in only one country.”

Option-implied information is “ex ante,” or forward-looking, and thus insightful for in-
vestors to forecast future returns of the underlying assets. Hence, in our research we investigate
the relation between international asset returns and the model-free option-implied informa-
tion and find whether option-implied moments are able to predict future international returns.
We investigate the predictability of option-implied higher moments on the international asset

returns both from carry trades in the currency markets and from international stock indices.

“A large literature on international investments discusses “home bias” or “international diversification puzzle,”
which means investors prefer investing in the domestic securities or those close to home. The literature includes
Cooper and Kaplanis (1994), Brennan and Cao (1997), Kang and Stulz (1997), Coval and Moskowitz (1999), and
Heathcote and Perri (2013). We do not emphasize this puzzle in the essays and focus solely on the profitability
of the international investments.

5>See Stowell (2017).

®For a detailed discussion for constructing trading strategies based on a characteristic, see Fama and French
(1993), Carhart (1997), and Fung and Hsieh (1997).

"There is also a large literature that documents this relation in the commodity and fixed income markets, such
as Askari and Krichene (2008), Trolle and Schwartz (2009), and Datta, Londono, and Ross (2017).
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In the first essay documented in Chapter 2, we use the option-implied information from
not only USD-based but also Japanese yen (JPY)-based and Swiss franc (CHF)-based currency
options to investigate their respective excess returns on carry trades funded by a cross-section
of low-yield currencies.

In the cross-section, we find that the carry trade excess returns are related to market down-
side risk. We discover that the model-free option-implied moments can significantly predict
excess returns, irrespective of the funding currency. If the option-implied returns of a cur-
rency pair are more volatile, are more left-skewed, and have fatter tails than those of other
currency pairs in the same period, the pair is predicted to have greater excess returns. Namely,
a carry trader who is exposed to greater volatility, crash, and disaster risks generally acquires
more compensation from future excess returns. Each option-implied moment contains specific
information about the future excess returns, and this information is not explained by other
option-implied moments. The return predictability of the option-implied moments is distinct
and not explained by the risk factors in the foreign exchange market or the equity market.
Furthermore, this return predictability exists even after we control for the sensitivity to the
time-series variations of each currency pair.

We propose strategies using the option-implied moments as characteristics: implied skew-
ness, implied kurtosis, and implied volatility. Compared to the benchmark strategies, which are
the interest rate differential strategy, momentum of spot exchange rate movements strategy,
current account-to-GDP strategy, and purchasing power strategy, the option-implied informa-
tion strategies perform better. The main reason is that the option-implied moments contain a
forward-looking feature.

In the time series, if the option-implied return skewness reaches a historically low threshold,
implying a relatively higher crash risk than was previously the case, the carry trade excess

returns are forecasted to be smaller, particularly trades funded by the Japanese yen. Therefore,
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a trader may unwind his or her carry trade position or, more aggressively, execute an “anti-
carry trade” when the option-implied skewness approaches a very negative level relative to its
historical values. The portfolios that allow for anti-carry trades usually outperform those that
execute only carry trades.

In the second essay documented in Chapter 3, we investigate the relation between ex ante
option-implied moments and index returns from an international perspective. We examine the
relation between ex ante higher moments with a focus on skewness and the cross-section of
country-specific index returns. Our cross-sectional findings reveal a strong negative relation
between ex ante skewness and the cross-section of subsequent index returns. The significant
negative relation is robust to controlling for ex ante volatility, loadings of risk factors, realized
return moments, and macroeconomic variables.

We form portfolios based on ex ante skewness. Specifically, we sort countries into quar-
tile portfolios based on skewness and compute the subsequent returns. A long-short strategy
which buys the low (more negative) skewness portfolio and sells the high skewness portfolio
generates a significant annualized return of 4.9%. This strategy performs substantially better
than other strategies based on inflation, GDP growth, the change in real effective exchange
rates (REER), moments of the realized return distribution, and the sensitivity of the country
returns to international risk factors.

Besides skewness, we also examine the role of volatility in explaining the cross-section
of country-specific returns. Our finding with regards to international index markets reveals
that there is no significant cross-sectional relationship between ex ante volatilities and future
international returns. This result is different from the findings in the literature discussing
domestic U.S. markets, including Ang, Hodrick, Xing, and Zhang (2006) and Conrad, Dittmar,
and Ghysels (2013). Our results also indicate that neither market demands for hedging nor

volatility feedback effect is able to explain the activities in international index markets.
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Finally, we examine whether there is a skewness and volatility premium in the time series of
the international stock index returns. The presence of a skewness premium indicates that if an
individual country’s index options imply a greater negative skewness risk than was previously
the case, the index returns tend to be higher than the historical returns. We find that the
skewness premium exists in the time series for Asian and non-euro area European stock indices.
Our time-series results are explained by the fact that option-implied skewness is associated
with the forward-looking one-sided skewness risk but volatility relates to a two-sided risk. A
skewness decrease in the time series clearly infers a high probability to crash in return but an
increase in volatility represents an ambiguous signal because the investors do not understand
whether their position implies a potential upside or downside movement. Thus, option-implied
skewness provides a more desirable risk-bearing signal for investors than volatility in the time
series.

This dissertation proceeds as follows. Chapter 2 discusses that the performance of various
carry trade strategies in the currency markets. We show and compare the profitability of strate-
gies based on option-implied information and on the conventional characteristics documented
in the literature. Chapter 3 investigates the intertemporal relationship between option-implied

ex ante skewness and expected international stock index returns. Chapter 4 concludes.
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Chapter 2
Carry Trade Strategies Based on Option-Implied

Information: Evidence from a Cross-Section

of Funding Currencies’

2.1 Introduction

A carry trade is a trading strategy in which an investor sells or borrows currencies with
relatively low interest rates and simultaneously purchases or invests in currencies with higher
interest rates. Under interest rate parity (IRP), a carry trade strategy does not pay off because
the interest rate differential between currencies will be offset by the returns from spot foreign
exchange rate movements. However, the empirical literature shows that high-yield currencies

tend to appreciate and low-yield currencies tend to depreciate.? (See Lustig, Roussanov, and

This chapter is published as an independent article in the Journal of International Money and Finance, Volume
78, November 2017, Pages 1-20.

2Since the mid-1990s, the Japanese economy has experienced a long recession; see Krugman (2013). In
response, the Bank of Japan has adopted an extremely loose monetary policy. Because of the resulting extremely
low interest rates, the Japanese yen has become a funding currency for the carry trade strategy in the currency
market. Carry trade strategists tend to borrow the Japanese yen and invest in high-yield currencies, such as the
Australian dollar or the New Zealand dollar. When carry trades prevailed between 2003 and the financial crisis
in 2008, on average, the Japanese yen depreciated 8.4% per year against the Australian dollar and 7.1% per year
against the New Zealand dollar in spot foreign exchange markets.
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Verdelhan, 2011.) This empirical failure of interest rate parity and the resulting forward rate
bias, which is called the “forward premium puzzle,” has been documented by an extensive
literature, which includes Bansal (1997), Baillie and Bollerslev (2000), Bansal and Dahlquist
(2000), Backus, Foresi, and Telmer (2001), Burnside, Eichenbaum, and Rebelo (2007), and
Burnside, Eichenbaum, and Rebelo (2009), among many other works.

Carry trade investors take risks to enjoy abnormally high returns when the strategy prevails
in the market. Thus, the carry trade strategy is definitely not an arbitrage strategy. For instance,
the Japanese yen appreciated substantially and rapidly while high-yield currencies depreciated
during the global financial crisis due to the wave of carry trade unwinding.® There is a large
literature that discusses the volatility risks of carry trades, which includes Cai, Cheung, Lee,
and Melvin (2001), Bhansali (2007), Clarida, Davis, and Pedersen (2009), and Menkhoff,
Sarno, Schmeling, and Schrimpf (2012a). More important, the substantial and rapid changes
in exchange rates relate to the crash or disaster risks. Many recent papers document these
risks of carry trades, such as Brunnermeier, Nagel, and Pedersen (2008), Jurek (2014), Dupuy
(2015), Farhi, Fraiberger, Gabaix, Ranciere, and Verdelhan (2015), Daniel, Hodrick, and Lu
(2016), and Chernov, Graveline, and Zviadadze (2018).

Most of the existing carry trade literature examines the relationship between returns and
option-implied information solely on the basis of US dollar (USD)-based trades.* We use the
option-implied information from not only USD-based but also Japanese yen (JPY)-based and
Swiss franc (CHF)-based currency options to investigate their respective excess returns on carry

trades funded by a cross-section of low-yield currencies. The information content implied by

3During the 2008 crisis, many carry traders lowered their risk exposure and unwound their positions.

*Comparatively, an extensive literature documents the relationship between the option-implied moments and
returns in the stock market, such as Corrado and Su (1997), Bakshi, Kapadia, and Madan (2003), Chang, Christof-
fersen, and Jacobs (2013), Conrad, Dittmar, and Ghysels (2013), DeMiguel, Plyakha, Uppal, and Vilkov (2013),
and Bali, Hu, and Murray (2017). Option-implied moments are forward-looking, and revealing such a relationship
is insightful for market participants.
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currency options differs from that extracted from currency spot, forwards, or futures contracts:
the payoffs of currency spot, forwards, and futures contracts are linear,” but the payoffs from
currency options are non-linear.® Using the JPY-based and the CHF-based options, we can
directly investigate the option-implied return distributions of a typical carry trade that is funded
by the Japanese yen or the Swiss franc.

In the cross-section, the carry trade excess returns are related to market downside risk. We
discover that the model-free option-implied moments can significantly predict excess returns,
irrespective of the funding currency. If the option-implied returns of a currency pair are more
volatile, are more left-skewed, and have fatter tails than those of other currency pairs in the
same period, the pair is predicted to have greater excess returns. Namely, a carry trader who
is exposed to greater volatility, crash, and disaster risks generally acquires more compensation
from future excess returns. This phenomenon holds irrespective of whether the trade is funded
by the US dollar, the Japanese yen, or the Swiss franc.

Moreover, we find that each option-implied moment contains specific information about the
future excess returns, and this information is not explained by other option-implied moments.
The return predictability of the option-implied moments is distinct and not explained by the
risk factors in the foreign exchange market or the equity market. Furthermore, this return
predictability exists even after we control for the sensitivity to the time-series variations of
each currency pair.

We propose strategies using the option-implied moments as characteristics: implied skew-

ness, implied kurtosis, and implied volatility. In every period, a carry trader can construct a

>Chang and Wong (2003) and Du (2013) document the triangular parity condition. The condition specifies
that one of the three triangular linear payoff relationships among any three currencies is redundant and easily
replicated by the other two relationships.

®Among three pairwise currency options from three currencies, none is easily replicated by the other two
options with simple multiplication or division using a cross-section of currency options with specific strike foreign
exchange rates and tenors.
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strategy by investing in the one-month forward contracts of the currency pairs in the most ben-
eficial quartile. This strategy is predicted to be rewarding to traders. Compared to the bench-
mark strategies, which are the interest rate differential strategy, momentum of spot exchange
rate movements strategy, current account-to-GDP strategy, and purchasing power strategy, the
option-implied information strategies perform better when measured by the cumulative re-
turns, Sharpe ratio, and certainty equivalent excess returns. The reason is that the option-
implied moments contain a forward-looking feature, which is more informative than lagged
macroeconomic data or realized returns.

According to the target and constraints, a trader can form a portfolio based on the strategies.
We consider three utility-free portfolios: the equal-weighted portfolio, the minimum-variance
portfolio, and the mean-variance portfolio. The portfolios based on all strategies, including the
three option-implied information strategies and the four benchmark strategies, outperform
those based solely on the benchmark strategies. Therefore, the existence of option-implied
information strategies benefits carry traders and enlarges the set of investment opportunities.

In contrast to the cross-sectional results that carry traders are expected to be compensated
for bearing risks, the time-series results provide carry traders with a signal to unwind their
position. In the time series, if the option-implied return skewness reaches a historically low
threshold, implying a relatively higher crash risk than was previously the case, the carry trade
excess returns are forecasted to be smaller, particularly trades funded by the Japanese yen.
Therefore, a trader may unwind his or her carry trade position or, more aggressively, execute an

“anti-carry trade™’

when the option-implied skewness approaches a very negative level relative
to its historical values. The portfolios that allow for anti-carry trades usually outperform those

that execute only carry trades.

7“Anti-carry trade” is a practical term meaning the opposite of carry trade exposure: borrowing high-yield
currencies and investing in low-yield currencies.

17



The paper proceeds as follows. Section 2.2 reviews the methodology to measure carry trade
returns and option-implied moments. Section 3.2 discusses the data and descriptive statistics.
Section 3.3 reports the cross-sectional empirical results. Section 2.5 discusses the construction
of carry trade strategies and portfolios. Section 3.4 presents the time-series results and the

profitability of the portfolios that allow for anti-carry trades. Section 3.5 concludes.

2.2 Option-Implied Moments and Currency Returns

We first discuss the computation of currency returns and option-implied moments. We de-
compose the total excess returns into interest rate differentials and spot exchange returns and
relate the returns to the carry trade in Subsection 2.2.1. In Subsection 2.2.2, we extract model-
free implied moments from options using the methodology proposed by Bakshi, Kapadia, and

Madan (2003).

2.2.1 Currency Returns

Spot and one-period forward exchange rates at time t are defined as S, and F,, respec-
tively. We treat the countries with low-yield funding currencies — the United States, Japan,
and Switzerland — as home countries. Exchange rates are defined as units of the domestic
currencies per unit of the foreign currency. An increase in S, therefore represents appreciation
of the foreign currency, and a decrease in the former represents depreciation of the latter. For
example, the exchange rate that exchanges a number of units of the Japanese yen (JPY) for
one unit of the Australian dollar (AUD) is written as “AUDJPY.”

The excess return (XR) on buying one unit of foreign currency in the forward market at

time ¢ with maturity (¢t + 1) and then selling it in the spot market at time (¢t + 1) is XR,; =

18



(S;41 —F,)/S,. This excess return can also be written as the spot exchange rate return (SR)
minus the forward premium (FP). XR,,; = SR,,; — FP,, where SR,,; = (5,41 —S,)/S, and
FP, = (F,—S,)/S,. Here, we define one period as one month. Thus, the time to maturity of
the forward contractis 7 = 1/12.

The forward premium (FP,) is related to the negative interest rate differential between
the investment currency and the funding currency and is realized at time t. To show this
relationship, one has to refer to covered IRBE which holds empirically with low-frequency data
or in long-term equilibrium:

F, =S, -exp{(r,— rtf) X T}, 2.1)

where r, and r{ represent the annualized domestic and foreign default-free interest rates,
respectively, with the corresponding maturity of the forward contract (7). After rearrang-
ing equation (2.1) and approximating to the first order by Taylor expansion, one can trivially
show that the forward premium approximately equals the interest rate differential between
two countries: FP, ~ (r, — r{ ) x 7.8 As a result, the currency excess return is approxi-
mately equal to spot exchange rate movements minus an interest rate differential, which is
XR, ~ SR —(r —rf) x .

The forward premiums of carry trade pairs, such as AUDJPY, are negative and very large
in absolute value. The reason is that the interest rate differentials between the investment
currency (such as the Australian dollar) and the funding currency (such as the Japanese yen)

are positive and usually large.

2.2.2 Implied Moments from Currency Options

Bakshi, Kapadia, and Madan (2003) propose a method to extract model-free implied skew-

8See Akram, Rime, and Sarno (2008) for a detailed derivation.
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ness and kurtosis from options. They assume that there exist hypothetical swaps, the payoffs
of which equal the non-central moments of the log returns. Moreover, we accurately calculate
the option-implied moments from observed options based on the methodology proposed by

Jiang and Tian (2005) and Bu and Hadri (2007).°

2.3 Data and Descriptive Statistics

In this section, we discuss the data. We introduce the data sources and the sample in

Subsection 3.2.1. Subsection 2.3.2 presents the descriptive statistics.

2.3.1 Data Sources

We obtain the short-term risk-free interest rates,'® the spot exchange rates, and the one-
month forward exchange rates from Datastream, and the option-implied volatility market
quotes from J.P Morgan. The tenor of the options is one month. The sample period is from
April 1, 2002, to August 22, 2014. The macroeconomic data include the current account bal-
ance, the gross domestic product (GDP), and the consumer price index (CPI). We collect them
from Datastream. The Fama-French three factors in the equity market: returns on the market
portfolio, size, and book-to-market are from Kenneth French’s website at Dartmouth College.

J.P Morgan’s currency options dataset provides daily over-the-counter quotes in the form
of Garman and Kohlhagen (1983) implied volatilities for the European options at constant

maturities and five fixed levels of Garman-Kohlhagen deltas: 10A puts, 25A puts, 50A (at-

?See Appendix A for a detailed discussion.

OWe collect the short-term risk-free interest rates in Datastream by referring to the Thomson Reuters Datas-
tream guides. We use the following interest rates as the risk-free rates. USD: Treasury-bills 3-month. CAD:
Treasury-bills 3-month. GBP: Treasury-bills 3-month. EUR: Germany Treasury-bills 3-month. NZD: Treasury-bills
3-month. AUD: Dealer bills 90-day. CHF: 3-month deposit rates. SEK: 3-month deposit rates. NOK: 3-month
interbank offer rates. JPY: Gensaki repo rates 1-month, the collateral of which are Japanese government bonds.
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the-money) options, 25A calls, and 10A calls. Except for the at-the-money options, the other
four types of options are all out-of-the-money with A, the absolute value of delta, equal to the
number stated ahead divided by 100. The currencies in this research are the “G10 currencies,”
which are ten of the most heavily traded and the most liquid currencies in the world. We de-
compose the G10 currencies into two groups. One group includes the high-yield currencies or
investment currencies: the Australian dollar (AUD), the New Zealand dollar (NZD), the Euro
(EUR),! the British pound (GBP), the Canadian dollar (CAD), the Swedish krona (SEK), and
the Norwegian krone (NOK). The other group includes the low-yield currencies or funding cur-
rencies: the Japanese yen (JPY), the Swiss franc (CHF), and the US dollar (USD).!? Typically,
most carry trades in the currency market are funded by one of these three currencies.’®> In
all of the analysis, we treat these three funding currencies as three separate funding sources.
Namely, a carry trader borrows one of them and invests in seven high-yield currencies as a
portfolio. Thus, we separately show the JPY-, CHF-, and USD- based results and investigate the

performance of each funding currency.

2.3.2 Descriptive Statistics

Table 2.1 indicates that the Japanese interest rates are lowest among the currencies in our

sample. The Swiss franc and US dollar rank as the second- and the third-lowest interest rates,

The European Central Bank has lowered the risk-free interest rates of the Euro to a very low level since the
second half of 2011 and even applied a negative deposit facility interest rate since mid-2014. We classify the Euro
as a high-yield currency based on the average rate over the sample period.

120ur analysis does not take into account the effects of interventions by governments or central banks in the
foreign exchange market. In most of our sample, the governments of G10 countries did not intervene in currency
markets. However, there are some exceptions. For instance, Japan has intervened to weaken the yen due to
Prime Minister Abe’s “Three Arrow” policy since 2013, and the Swiss National Bank (SNB, the central bank of
Switzerland) maintained a 1.20 floor on EURCHF between September 2011 and January 2015. For a more
detailed discussion of the intervention by the SNB, see Hossfeld and MacDonald (2015).

13The US risk-free interest rate was higher than the Japanese one before the global financial crisis in 2008.
In 2008, the Federal Reserve began cutting rates aggressively, but the Japanese yen remains the most “effective”
funding currency if the forward premium puzzle exists.
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respectively, throughout most of the sample period.!*
[Insert Table 2.1 around here.]

Table 2.2 illustrates that the average carry trade excess returns are all positive. If the trades
are funded by the Japanese yen or the US dollar, the positive excess returns come from earning
not only positive interest but also positive spot exchange rate returns.

Table 2.3 shows that, in general, the carry trade risk-neutral returns are negatively skewed.
This indicates that, on average, carry traders are exposed to downside risk or crash risk, which

confirms the findings in Jurek (2014).1°
[Insert Table 2.2 around here.]

[Insert Table 2.3 around here.]

2.4 Empirical Results: the Cross-Section of Currency Returns

In this section, we document the cross-sectional connection between option-implied mo-
ments and carry trade returns. We examine whether option-implied moments have significant
predictive power for future returns based on individual funding currencies in Subsection 2.4.1.
We investigate the relationship between the cross-sectional carry trade excess returns and the
downside market risk in Subsection 2.4.2. We discuss the cross-sectional return predictability

of the option-implied moments in subsection 2.4.3.

14See Figure B.1 in Appendix B for the time variation of the interest rates.
15Table B.1 in Appendix B illustrates the time-series statistics of the option-implied dispersion.
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2.4.1 Option-Implied Moments and Carry Trade Returns Based on Indi-

vidual Funding Currencies

In this subsection, we use Fama-MacBeth regressions to document the cross-sectional rela-
tionship between implied moments extracted from options at the beginning of the period and
the carry trade returns realized over the month. If this relationship is significant, traders are
expected to make profits by investing in the currency pairs with high or low option-implied
moments, depending on which direction is beneficial to them.

Carry traders earn high interest rate differentials, or invest in the currency pairs with neg-
ative forward premiums with large absolute values. Hence, we examine the relationship be-
tween carry trades and crash risks by investigating how the contemporaneous forward premi-
ums (FP) or the interest rate differentials (RD) associate with the option-implied skewness
across currency pair i. For example, Jurek (2014) and Farhi, Fraiberger, Gabaix, Ranciere, and
Verdelhan (2015) propose that USD-based carry traders typically bear crash risks associated
with high-yield currency depreciation. Based on these regressions, we can confirm the USD-
based results documented in the literature. More important, we can investigate whether the
JPY- and CHF-based carry trades have similar results using the cross-JPY and cross-CHF option

data.
Regression l.a. FP,, = a, + f3;,, - iskew;, + ¢;,; given a specific time t,
Regression 1.b. RD;, = a, + 31, - iskew;, + ¢;,; given a specific time ¢,

For these cross-sectional regressions, the Fama-MacBeth coefficients are the mean of all re-
gressions estimated at different times t, which are /31 = (Z;l [3M> /T, while we report the
robust standard errors adjusted for time dependence based on Petersen (2009). Forward pre-

miums or interest rate differentials that are gained from time t to (¢t + 1) are realized at time t,
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the beginning of each time period. As a result, these cross-sectional regressions are contempo-
raneous regressions. We expect that carry trade investors bear high crash risk from high-yield
currency depreciation and low-yield currency appreciation. Thus, the loading coefficient [31_a
in Regression 1.a is expected to be positive, and the loading coefficient ﬁAl.b in Regression 1.b is
expected to be negative.

There is an extensive literature on conditionally autocorrelated currency returns, including
Bekaert (1995) and Neely and Weller (2000). Thus, each of the regressions in Regression 1.a
adds the lagged forward premium as an additional independent variable for robustness.

Panel A of Table 2.4 shows the results of Regression 1.a: the forward premiums are signifi-
cantly and positively related to the option-implied skewness, irrespective of whether a low-yield
currency funds the carry trade. Similarly, Panel B of Table 2.4 shows the results of Regression
1.b: the interest rate differential is negatively correlated with the risk-neutral return skewness.
That is, if the carry trade interest rate differential is higher, then there is a higher crash risk
from depreciation of the high-yield currencies and appreciation of the low-yield currencies.
These results are consistent with the recent findings of Jurek (2014) and Farhi, Fraiberger,
Gabaix, Ranciere, and Verdelhan (2015) that crash risk is related to carry trades and is priced
in the currency market through the option-implied volatility smirk.

The JPY-based regressions have the highest average R%2. Namely, the JPY-based option-
implied skewness better explains the interest bearings than do the CHF-based and the USD-

based option-implied skewness.
[Insert Table 2.4 around here.]

A carry trade investor bears volatility, crash, and disaster risks, meaning that (s)he may

earn significantly positive excess returns as compensation.'® To discover whether the carry

16In general, the compensation for risk exposure is priced in the cross-section of returns on assets. An exten-
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trader obtains this compensation from the cross-sectional risk exposure, we can investigate the
following Fama-MacBeth regressions, which indicate the relationships between the carry trade

excess returns and the option-implied moments:

Regression 2.a. XR, ., = a, + f3,,, - iskew;, + & ,,;; given a specific time (t + 1),
Regression 2.b. XR; ., = a, + B,y - ikurt;, + &; ., 1; given a specific time (t + 1),
Regression 2.c. XR; ., = a, + B, - ivol;, + &, .,,; given a specific time (t + 1),

For the options quoted at time ¢ and expiring at time (t + 1), the implied moments can
be extracted at time t. However, the excess returns, which are gained from time t to (t + 1),
are realized at time (t + 1), the end of the period. As a result, the cross-sectional regressions
in Regression 2 are intertemporal regressions. We expect that a carry trader bears crash risk,
disaster risk, and volatility risk, meaning that (s)he earns positive out-of-sample excess returns
as compensation. Thus, the loading coefficient /324a in Regression 2.a is expected to be negative
and the loading coefficients [3’2_b and ﬂAz.c in Regressions 2.b and 2.c are both expected to be
positive.

There is an extensive literature on conditionally autocorrelated currency returns, including
Bekaert (1995) and Neely and Weller (2000). Hence, each of the regressions in Regression 2
adds the lagged excess return as an additional independent variable for robustness.

Table 2.5 shows the predictive relationships between the option-implied moments and the

future excess returns. Panel A shows that the option-implied skewness significantly predicts the

sive literature studies the compensation for risk exposure in the cross-section. For example, Koijen, Lustig, and
Van Nieuwerburgh (2017) document that cross-sections of returns are explained by the compensation for expo-
sure to risk factors. Chang, Christoffersen, and Jacobs (2013), adopting a cross-sectional perspective on the stock
market, report that investors are compensated with higher expected wealth when their portfolios exhibit returns
with high volatility, low skewness, or high kurtosis. However, from the time-series perspective, Moskowitz, Ooi,
and Pedersen (2012) document that excess returns do not appear to be compensation for risk exposure. Goyal
and Jegadeesh (2018) explain that the cross-sectional and the time-series risk factors are based on different net
active positions, and thus, the difference between the returns on these two factors partially comes from the com-
pensation for bearing risks.
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future excess returns. In the cross-section, if the option-implied skewness of a currency pair
is more negative than other cross-sectional counterparts, the excess returns of this currency
pair are forecasted to be higher. This empirical result indicates that a carry trader who bears
greater crash risks, on average, acquires more compensation from the future excess returns.
Hence, this predictive relationship supports the forward premium puzzle and indicates that
a carry trade with a high interest rate differential has profitable prospects. The results are
also consistent with what is suggested in Lustig, Roussanov, and Verdelhan (2014); that the
USD-based carry trade excess returns compensate carry traders for taking aggregate risks in
bad times. We extend their results from USD-based carry trades alone to JPY-based and CHF-
based carry trades. Moreover, based on the average R?, the crash risks better explain the
compensation in the future returns in the JPY- and the CHF-based trades than in the USD-
based trades.

Panel B of Table 2.5 shows that the option-implied kurtosis significantly predicts future
excess returns. If the option-implied returns of a currency pair have fatter tails, this pair is
predicted to have greater future excess returns. Thus, a carry trader who is exposed to greater
disaster risk, on average, obtains greater compensation from the future excess returns. This
confirms the finding in Dupuy (2015) that the excess returns in carry trades are related to the
currency tail risks.

Panel C of Table 2.5 illustrates that the option-implied volatility significantly predicts future
excess returns. If the option-implied returns of a currency pair are more volatile than other
cross-sectional counterparts, the future excess returns of this currency pair are predicted to
be higher. This empirical result suggests that a carry trader bearing greater volatility risk, on

average, receives greater compensation from the future excess returns.

[Insert Table 2.5 around here.]
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2.4.2 Cross-Sectional Carry Trade Returns and Downside Market Risk

The cross-sectional carry trade excess returns are related to downside risk. We investi-
gate whether the contemporaneous cross-sectional carry trade excess returns can be explained
by the downside risk measure. Lettau, Maggiori, and Weber (2014) document sensitivity to
downside market return and test the contemporaneous relationship between the excess returns
and the sensitivity to the downside market return using a downside risk capital asset pricing
model. We follow their methodology and investigate the downside market returns using an eq-
uity market factor (RX) and a foreign exchange market factor (RXy). The latter factor, which
is documented in Lustig, Roussanov, and Verdelhan (2011), is the average excess return on all
USD-denominated foreign currency portfolios in our sample. To increase statistical power, we
combine all of the carry trades across funding currencies in one sample with a larger number

of observations.

Regression 3.

The first stage: (Time-series regressions)
XR;,=a;+ ;-1 t&,; gveni, Vt, and (2.2)

XRi, = o] + B T+ &, given i, Vt, whenever r, , <7, — 0, (2.3)

The second stage: (Fama-MacBeth regression)

P

(XRi,t - ﬂi ) rm,t) =a,+ A’downside,t ) <ﬁl_ - ﬁl) 1 & (2.4)

Equation (2.3) captures the downside risk, where r,, is the market excess return or the
market factor, and 7, and o, are the sample average and standard deviation of the market

excess return, respectively. The point estimates /3 and [3_ in the first stage are unconditional
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and downside betas respectively, and they are the explanatory variables in the second stage.
Table 2.6 presents the result that the cross-sectional carry trade excess returns are signifi-

cantly related to the downside risk. The carry trade’s downside price of risk (A4ouwnside) iS Sig-

nificantly positive using either the equity market factor or the foreign exchange market factor.

Moreover, the average of the pricing errors (a) is not significantly different from zero.

[Insert Table 2.6 around here.]

2.4.3 The Return Predictability of the Option-Implied Moments

To investigate whether all of the crash risk, disaster risk, and volatility risk can predict
future excess returns, we simultaneously include all of these three option-implied moments in
one Fama-MacBeth regression. Given the similar results across funding currencies, we pool
all of the carry trades in one sample such that the test uses a larger number of observations
and has greater statistical power. Due to the similarity across currency pairs, we add cross-
sectional dummy variables to control for the effects of both the investment currency and the

funding currency.

Regression 4.

XRi,t+1 =a;+ ﬁ4s,t -iskew;, + ﬂ4k,t -ikurt;, + ﬂ4v,t -ivol;,+

Yx Xie ¥ Y1 DI + YE:® DF;, + Eit+15

In the first stage, we estimate the cross-sectional regression at each time (t + 1). Then, we
compute the averages and the robust standard errors of the coefficients in the second stage.
DI is the vector of the dummy variables for the investment currency, and DF is the vector of

the dummy variables for the funding currency. X is the vector of other control variables that
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we describe below. We can investigate the significance of the predictability of the moments
after considering other explanatory variables.

Column (A) of Table 2.7 presents the results of the cross-sectional return predictability of
the option-implied moments. Similar to the results analyzed using individual funding cur-
rencies in Subsection 2.4.1, the option-implied skewness, which represents the crash risk, is
negatively related to the future excess returns. However, option-implied volatility and kurto-
sis which represent the volatility and disaster risks, respectively, are positively related to the
future excess returns. This is evidence that each moment contains specific information about
the future excess returns and that this information is not explained by other option-implied
moments.'”

Time-series variations in the moments of individual carry trades might have commonali-
ties. Thus, the cross-sectional variations of the individual carry trades may be related to their
sensitivities to time-series variations in the option-implied moments. We control for the time-
series sensitivity of each currency pair and investigate whether the option-implied moments
can still significantly predict carry trade excess returns. We compute this sensitivity of each
currency pair by estimating the coefficients of the option-implied moments in the time-series
regressions, following the methodology proposed in Elton (1999). The methodology is similar
to Equation (2.2) in the first stage of Regression 3.

The results are tabulated in Column (B) of Table 2.7. After considering the sensitivities to

the time-series variations in the option-implied moments, the moments remain able to predict

17To investigate the robustness of the predictability, we split our sample and analyze a subsample correspond-
ing to the global financial crisis. During the crisis period, we do not find return predictability for option-implied
kurtosis. However, option-implied skewness and volatility generate greater and more statistically significant re-
turn predictability compared to the full-sample analysis presented in Table 2.7. We can think of the recent global
financial crisis as a disaster. During a disaster, tail events occur more frequently and the information contained
in the kurtosis is noisier than in normal times. However, option-implied skewness contains information to more
clearly predict future returns. Furthermore, from a cross-sectional perspective, bearing volatility or crash risk is
more rewarding for the carry traders than it is during normal times.
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the future carry trade excess returns. The return predictability of the moments exists even after
we control for the sensitivity to the time-series variations of each currency pair.

Moreover, we expect that the return predictability of the option-implied moments is distinct
and not explained by other known factors. Thus, we examine the relationship between the
future excess returns and explanatory variables, which include the option-implied moments
and the loadings to other known factors documented in the literature. Lustig, Roussanov, and
Verdelhan (2011) cite two important factors in the foreign exchange market. The first is the
dollar risk factor (RXy), which is essentially the average excess return on all USD-denominated
foreign currency portfolios in our sample. The second is the carry trade risk factor (HM L),
which is the excess return of buying the highest and selling the lowest interest rate currencies
in our sample in each period.

Because the carry trade returns are related to the equity market, we also examine factors
in the equity market. We focus on the equity market factor (RX;) and the Fama and French
(1992) three factors: market, size (SMBg), and book-to-market (HM Ly).

Then, we estimate the loadings to these factors given a currency pair, following the method-
ology proposed in Elton (1999). We examine whether the option-implied moments can still
significantly predict future excess returns after considering the loadings to the factors of each
currency pair.

The results are tabulated in Columns (C) to (F) of Table 2.7. Controlling for the factor
loadings from either the foreign exchange market or the equity market, the return predictability
of the option-implied moments is still robust.'® The return predictability of the moments does

not come from these factors.

[Insert Table 2.7 around here.]

18The coefficient of the implied skewness in Column (D) is significant at the 10% level, where the p-value is
7.3%.
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2.5 Trading Strategies and Portfolios Based on the Cross-
Sectional Results

Based on the cross-sectional empirical results discussed in the previous section, we propose
profitable trading strategies based on cross-sectional sorting of the option-implied moments in
Subsection 2.5.1. To compare the profitability of these strategies, we discuss the “benchmark”
strategies based on the realized returns or macroeconomic variables in Subsection 2.5.2 and
compare the performance of the strategies in Subsection 2.5.3. A carry trader can form a
portfolio based on these available strategies. We discuss the importance of including option-

implied information strategies in Subsection 2.5.4.

2.5.1 Option-Implied Information Strategies

A carry trader forms a strategy by borrowing one of the three funding currencies — JPY, USD,
or CHF - and investing in some of the high-yield currencies in the G10 currencies — AUD, CAD,
EUR, GBB NOK, NZD, and/or SEK. Based on a specific characteristic j, the carry trader invests
in the most beneficial quartile (two currency pairs) of the one-month forward contracts at time
t. The excess returns of the strategy are realized at time (t + 1). The empirical results are
generally robust if the “quartile” or “two” currency pair is replaced by the quintile or median.
Note that the carry trader does not simultaneously buy the top quartile and sell the bottom
quartile as Fama and French (1992) model in the equity market. The reason is that investing
in a currency pair is already simultaneously buying one currency and selling another currency.
Applying the Fama-French framework directly here results in funding-currency-neutral (such
as JPY-neutral), which is not the spirit of the carry trade.

Based on the cross-sectional regressions in Subsection 2.4.1, we propose the following
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option-implied information strategies:

Implied Skewness (Iskew)

According to Regression 2.a and the Fama-MacBeth regression results presented in Panel A
of Table 2.5, the option-implied skewness is negatively related to the excess returns realized in
the future. Investing in the two currency pairs that have the most left-skewed option-implied

returns (the bottom quartile) is predicted to be profitable to carry traders.

Implied Kurtosis (Ikurt)

Based on the results of Regression 2.b and the Fama-MacBeth regressions presented in
Panel B of Table 2.5, the option-implied kurtosis is positively related to the future excess re-
turns. Investing in the two currency pairs with the fattest-tailed option-implied returns (the

top quartile) is forecasted to be rewarding to carry traders.

Implied Volatility (Ivol)

Based on the results of Regression 2.c and the Fama-MacBeth regressions shown in Panel C
of Table 2.5, the option-implied volatility positively relates to the excess returns realized one
month ahead. Investing in the two currency pairs with the highest option-implied volatilities

(the top quartile) is predicted to be beneficial to carry traders.

2.5.2 Benchmark Strategies

To compare the investment performance of the option-implied information strategies pro-
posed in this paper, we present four benchmark strategies by referring to the existing literature.

We apply these benchmarks to the carry trade framework.
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Interest Rate Differential (Rate)

Although the carry trade framework is applied, a trader still can invest in the two highest-
yield currencies by borrowing one of the low-yield currencies. This strategy is named the
“interest rate differential” or “Rate” strategy, which can be viewed as a “pure” carry trade
strategy. Lustig, Roussanov, and Verdelhan (2011) document this carry trade strategy and form
a “carry” factor in the currency market, akin to the approach of Fama and French (1992) for
the equity market. This “carry” factor is widely used and implemented in subsequent studies,
such as Asness, Moskowitz, and Pedersen (2013) and Koijen, Moskowitz, Pedersen, and Vrugt

(2015).

Momentum of Spot Exchange Rate Movements (SR)

Akin to Carhart (1997), who constructs a momentum factor in the equity market, Menkhoff,
Sarno, Schmeling, and Schrimpf (2012b) derive a momentum factor by sorting historical spot
exchange rate returns in the currency market. They document that the spot rate returns have
momentum. That is, a currency pair tends to continue to have high returns if its historical
spot rate returns are large. The momentum strategy is also widely utilized in practice and dis-
cussed in currency market studies, such as Burnside, Eichenbaum, and Rebelo (2011), Asness,

Moskowitz, and Pedersen (2013), and Olszweski and Zhou (2013).

Current Account, Standardized by GDP (CATOGDP)

From open macroeconomic theory, the exchange rate is determined along with the gen-
eral equilibrium in the goods, monetary, and asset markets. Based on Dornbusch and Fischer
(1980), a current account deficit indicates that the country spends more on international trade

than it earns and that it may borrow capital from foreign sources to make up the deficit. In
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other words, the country requires more foreign currencies through imports than it receives, and
it supplies more domestic currency than demanded from foreign countries through its exported
products. The excess demand for the foreign currencies lowers this country’s currency value
until the domestic goods and services are sufficiently inexpensive for foreigners and foreign as-
sets are too expensive to generate sales for domestic interests to achieve general equilibrium.
In the twenty-first century, Obstfeld and Rogoff (2005) still observe this empirical relationship
between current account imbalances and exchange rate adjustments. Although capital account
liberalization has increased the importance of the capital and financial accounts in the balance
of payments, Obstfeld (2012) discovers that current account imbalances can still signal ele-
vated macroeconomic and financial stresses in the recent financial crisis. Therefore, we treat
the current account normalized by the country’s GDP (“CATOGDP”) as a benchmark strategy
in the carry trade framework. Based on the “CATOGDP” characteristic, carry traders invest in

the high-yield currencies ranked in the top quartile of the normalized current account surplus.

Purchasing Power (CPIMOM)

According to purchasing power parity (PPP), purchasing power should be identical across
two countries after the foreign exchange rate is taken into account. We cannot easily derive
the long-term equilibrium of the price index or the citizens’ purchasing power in a specific
country. However, we know that inflation in a single country represents the increase in the
prices of goods and services and the decrease in the value of the currency.'® A large literature,

including Goldberg and Campa (2010) and Engel, Mark, and West (2015), investigates the

YCentral banks usually set inflation targets and tend to raise interest rates or tighten monetary policy when
inflation exceeds the target. Market expectations of future interest rate hikes for one currency usually make this
currency appreciate against other currencies, other things being equal. This phenomenon is complicated, and
the market reactions are not direct or easy to predict. See Edwards (2006) for a more detailed discussion. We
rule out this phenomenon in this paper and focus solely on the negative relationship between inflation and the
currency value, without loss of generality.
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relationship among the consumer price index (CPI), PPE and exchange rates. This strategy
focuses on the negative relationship between inflation and the currency value. For simplicity,
we focus on the month-over-month percentage change in CPI, which we term “CPIMOM.” Thus,
a carry trader invests in the high-yield currencies, and these currencies are circulated in the
countries (regions) with the two lowest values of month-over-month percentage change in CPI.
Additionally, the results are robust and similar if we substitute year-over-year change for the

month-over-month change.

2.5.3 The Performance of Individual Carry Trade Strategies

As presented in the previous subsections, we have seven carry trade strategies. The three
discussed in Subsection 2.5.1 are the option-implied information strategies proposed in this
paper. The other four discussed in Subsection 2.5.2 are treated as the benchmark strategies,
which are presented in the literature. Each strategy begins investing in April 2002, the begin-
ning of the sample period, and rolls over based on the characteristic observed in the market
or extracted from currency options at each month-end. Because the macroeconomic data are
announced later than the exact periods, we assume that market participants obtain the macroe-
conomic information after two months because of the time lag involved in the collection, ar-
rangement, and announcement of the data by the official institutions. Thus, this two-month
lag influences the “CATOGDP” and “CPIMOM” strategies.

We use the cumulative returns from the beginning of sample period, the Sharpe ratio, and
the certainty equivalent excess returns as performance measures.*°

Table 2.8 shows that, irrespective of which low-yield currency funds the trades, the option-

20For the certainty equivalent excess returns, we present the value using a constant absolute risk aversion
(CARA) utility function, or exponential utility function, with risk aversion coefficient 5. Applying other risk
aversion coefficients leads to similar results.
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implied information strategies generally outperform the benchmark strategies related to the
realized market returns or the macroeconomic data. The reason is that option-implied mo-
ments are forward-looking, and hence, one can distinguish the market’s attitude toward the
future currency returns by observing the option-implied information. Therefore, the option-
implied moments are more informative than the lagged economic data or the realized returns.

The only exception regarding outperformance is that the option-implied skewness strategy
is beaten by the interest rate differential strategy when using JPY as the funding currency. There
are two explanations for this exception. First, due to Japan’s very low interest rates, the carry
traders borrowing JPY and applying the “Rate” strategy earn substantial returns from interest
rate differentials, which are greater than those of traders borrowing CHF or USD. Second, the
Japanese government intervened significantly in the foreign exchange market to weaken the
yen after 2013. This intervention ruins the predictive profitability of the “Iskew” strategy.

Figure 2.1 illustrates the time-series cumulative return of each individual carry trade strat-
egy funded by one of the low-yield currencies. The figures apparently show that the option-
implied information strategies usually have greater cumulative returns than the benchmark
strategies. However, although the “Rate” strategy sometimes performs as well as, or even bet-
ter than, the option-implied information strategies, the latter achieve greater returns after the
financial crisis. This phenomenon can be interpreted as the “Rate” strategy having larger down-
side pressure when carry trades are unfavorable to market participants. As mentioned above,
the framework presented here is a carry trade framework, and the “Rate” strategy is a typical
“pure” carry trade strategy, and hence, it tends to operate well when carry trades have good
performance and poorly when they do not. We further discuss this time-series result regarding
whether a trader executes a carry trade or an anti-carry trade in Section 3.4.

Although there is high correlation between any two of the option-implied information
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strategies,?! none of them is redundant. Figure 2.1 and Table 2.8 show that no strategy con-
sistently dominates the other strategies. If a carry trader places an appropriate weight on each
of the strategies, the trader may achieve his or her “targeted” performance by optimizing the
objective function. We further discuss this issue, the portfolios of the carry trade strategies, in

the next subsection.
[Insert Figure 2.1 around here.]

[Insert Table 2.8 around here.]

2.5.4 The Performance of Portfolio Strategies

Given the strategies, a trader can form a portfolio by placing the optimal weights on the
strategies according to his or her objectives and constraints to achieve the targeted returns. We
focus on the comparison of the portfolios based on the four benchmark strategies alone and
those based on all of the strategies, including the three option-implied information strategies.
A trader forms a portfolio based on a total of N strategies, given the available strategy j =
1,2,---,N. Following the standard concept of DeMiguel, Plyakha, Uppal, and Vilkov (2013),
we propose three utility-free portfolios for simplicity. This concept can be applied to the utility-

based models or more complicated objective functions.

Equal-Weighted Portfolios

Each strategy in the equal-weighted portfolio has the same weight 1/N.

210n average, the correlation between any two of the option-implied information strategies is approximately
91.7%.
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Minimum-Variance Portfolios

A trader wishes to minimize the return volatility of the portfolio. (S)He solves this objective

function to find the optimal weight of each strategy.

st. w'e=1 and w; >0,V],

where w is an (N x 1) column vector of weights on each strategy, e is an (N x 1) column vector
with all elements one, and ¥ is the predictive variance-covariance matrix of the returns of
strategies. 3 = diag(6) 2 diag(4), where 6 is an (N x 1) column vector of the predictive return
standard deviation of each strategy, and € is an (N x N) matrix of the predictive correlation
coefficients between any two strategies in column and row.

Campbell, Serfaty-De Medeiros, and Viceira (2010) and Christensen and Varneskov (2016)

also propose the similar concept of variance-minimization for currency hedging.

Mean-Variance Portfolios

A trader wishes to balance the impact of return volatilities and the returns themselves. The

optimal weights of the strategies are obtained by

min, w'Sw-—w'

st. w'e=1 and w;>0,Vj,
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where {ris an (N x 1) column vector of the predictive average future returns of each strategy.

It is difficult to perfectly predict a strategy’s return and its standard deviation. Predicting
the future correlations between strategies is even more challenging. Therefore, we use the
historical measures as proxies for the predictive measures. Admittedly, this is a substantial dis-
advantage,®? but no one can perfectly predict future strategy return volatilities and correlations.
DeMiguel, Plyakha, Uppal, and Vilkov (2013) suggest that using the option-implied measures,
rather than the historical measures, improves portfolio selection. However, we cannot use the
strategy’s implied volatility or correlation as proxies because there are no tradable derivatives
related to these strategies. Moreover, the predictive measures in the objective function are
calculated under the physical probability while the option-implied measures are calculated un-
der the risk-neutral probability. Recent studies, such as Londono and Zhou (2017) and Daniel
and Moskowitz (2016), nevertheless use the historical measures as proxies for the expected
measures in a similar situation.?

We impose short-selling constraints in the minimum-variance and in the mean-variance
portfolios for two reasons. First, we want to keep the “carry trade” concepts in each strategy.
Second, the portfolios should avoid short-selling a specific strategy in a very large volume, such
as thirty times, and investing in one or some strategy/(ies) in large volume(s). This constraint
prevents having a very high return volatility and short-selling an ex post highly profitable strat-
egy. The reason for this flaw is that market participants do not have perfect foresight regarding
future strategy returns, as mentioned above.

We determine the weights at each month-end and hold the optimized portfolio for a month

to gain monthly excess returns. This monthly frequency matches the information horizon im-

22Elton (1999) argues that the realized return is an unbiased proxy for the expected return only if information
surprises tend to cancel out.

B The predictive methodology is beyond the scope of this paper and left for future study. Monte Carlo simulation
is a feasible method if we assume that the strategies’ future returns follow a specific multi-dimensional distribution.
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plied in the options. The optimized weights of the minimum-variance and the mean-variance
portfolios are determined by the information of all the previous periods in our sample. Then,
in the following period, we present the out-of-sample returns of the portfolios based on the op-
timized weights. Table 2.9 reports the average performance of the portfolios, measured by the
average returns, the Sharpe ratio, and the certainty equivalent excess returns. The portfolios
based on all strategies, including the three option-implied information strategies, outperform
the portfolios based on the benchmark strategies alone. Figure 2.2 also illustrates that the
portfolios based on all strategies (dark gray lines with square symbols) always outperform the
portfolios based solely on the benchmark strategies (light gray lines with cross symbols).**

Therefore, the option-implied information strategies benefit carry traders and enlarge the set

of investment opportunities.
[Insert Figure 2.2 around here.]

[Insert Table 2.9 around here.]

2.6 Empirical Results: the Time Series of Currency Returns

We use time-series regressions to investigate the relationship between carry trade returns
and option-implied skewness. We present the regression in Subsection 2.6.1 and the empirical
results in Subsection 2.6.2. Based on the time-series comparison of the option-implied skew-
ness, a carry trader could be more profitable by executing an “anti-carry” trade rather than a
carry trade. Subsection 2.6.3 discusses the outperformance of portfolios that allow anti-carry

trades.

24We consider the equal-weighted portfolios as the representative example. See Figure C.1 and Figure C.2 in
Appendix C.1 for details on the other two types of portfolios.
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2.6.1 Option-Implied Skewness and Carry Trade Returns: Time-Series

Regressions

We use time-series regression to investigate the predictive relationship between the option-
implied skewness and the future returns over time for a given currency pair. A very negative
forward-looking option-implied skewness suggests a high crash risk in the future. If a carry
trader weights crash risks greater than a past level, (s)he may encounter a relatively consid-
erable depreciation in the high-yield currencies and suffer an extreme loss. Therefore, traders
may avoid losses by unwinding their carry trade positions at this time. More aggressively, they
may make profits by executing an anti-carry trade: buying a low-yield currency and selling a
high-yield currency.?

The time-series relationship between the option-implied skewness and the future carry

trade excess returns can be illustrated as
Regression 5. XR; .1 = a; + fBs; - iskew;, + &; ,,1; given a currency pair i,

On the one hand, from the options quoted at time t and expiring at time (t+1), the implied
skewness is extracted at time t. On the other hand, the carry trade excess returns are gained
over the investment period from time t to (t + 1) and fully realized at time (t + 1). Thus,
Regression 5 is an intertemporal predictive regression.

Empirical studies report that currency returns are conditionally autocorrelated; see, for
example, Bekaert (1995) and Neely and Weller (2000). Hence, the time-series regression al-

ternatively adds lagged excess return as a further independent variable to check the robustness

% Option-implied skewness relates to forward-looking one-sided crash risk, while option-implied volatility and
kurtosis relate to two-sided risks. Thus, among the moments we investigate, option-implied skewness provides
the most desirable signal for carry traders to unwind their position by comparing it with past records. Comparing
the two-sided risks with their historical series results in a vague signal because the carry traders do not understand
whether their position implies a potential upside surge or a downside crash. This is the reason that we focus on
only option-implied skewness in our time-series analysis.
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of our results.

2.6.2 Option-Implied Skewness and Carry Trade Returns: Time-Series

Results

Table 2.10 reports the results of Regression 5. In the time series, Table 2.10 shows that if the
carry trade option-implied skewness reaches a historically low level, the trade is significantly
predicted to suffer considerable losses or earn low returns. This very negative option-implied
skewness suggests that a historically high crash risk serves as a warning signal that there will be
substantial unwinding of carry trades in the market. The results hold, especially when the carry
trade is funded by the Japanese yen. Although the results when CHF or USD are the funding
currencies are not entirely supportive of the yen result, some of the currency pairs yield similar
and significant results. In addition, the R? of the regressions exceeds 2% for some currency

pairs. This is an impressively high explanatory power for a time-series predictive regression.

[Insert Table 2.10 around here.]

2.6.3 Carry Trades and Anti-Carry Trades

According to the time-series results, a carry trader can execute an anti-carry trade instead of
a carry trade when (s)he observes that the extracted option-implied skewness is ranked in the
top nth percentile of the most negative skewness over the last m months. An anti-carry trade
consists of borrowing a set of high-yield currencies among the G10 currencies and investing in
one of the funding currencies — JPY, USD, or CHE.

We impose constraints on these anti-carry trade portfolios. For the equal-weighted port-

folio, the weight of each carry trade strategy is —1/N, and the constraints in the minimum-
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variance and the mean-variance portfolio are
w'e=—1 and WjSO,Vj. (2.5)

Figure 2.3 shows that a trader can frequently make profits by executing anti-carry trades
based on the option-implied skewness.?® In these three-dimensional figures, the vertical axis
represents the difference between the Sharpe ratios of (i) the portfolio that allows for anti-
carry trades and (ii) the portfolio that executes only carry trades. The horizontal plane is
constructed by two axes labeled month (m) and percentile (n): the trader executes an anti-
carry trade when the option-implied skewness is ranked in the top nth percentile of the smallest
skewness over the last m months. Panels A and B of Figure 2.3 show that the JPY- and CHF-
based portfolios that allow for anti-carry trades usually outperform those that execute only
carry trades. However, Panel C shows that results for USD-based portfolios differ unless traders
choose m and n “correctly,” especially for a small n. These results are consistent with the time-
series regression results in Subsection 2.6.2: the USD-based option-implied skewness does
not perform as well as its JPY-based counterparts in forecasting future excess losses. These
findings may be because the US dollar is not always a very-low-yield currency or a typical
funding currency of carry trades.

Specifically, we investigate whether a trader who can execute anti-carry trades has positive
marginal profits.>” Consider a representative example in which a trader executes an anti-carry
trade when the option-implied skewness is ranked in the top five of the smallest skewness

over the last 36 months (m = 36,n = 5/36). Table 2.11 demonstrates that a trader who can

26We consider the equal-weighted portfolios as the representative example. See Figure C.3 and Figure C.4 in
Appendix C.2 for details on the other two types of portfolios.

270nly executing anti-carry trades all the time is not a favorable strategy. In most cases, an anti-carry trader
loses not only from a negative interest rate differential but also from unfavorable spot exchange rate movements.
Taking our framework as an example, the anti-carry trader who simultaneously sells some high-yield currencies
and buys one low-yield currency all the time suffers a 2.04% loss per year. The average Sharpe ratio is -5.52%.
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execute anti-carry trades performs much better than a trader who executes only carry trades:
the former has higher Sharpe ratios and certainty equivalent excess returns. Figure 2.2 shows
that the cumulative returns of the portfolios that allow for anti-carry trades (black lines with
circle symbols) usually beat those of the portfolios that execute only carry trades (dark gray

lines with square symbols), especially during and after the recent financial crisis.
[Insert Figure 2.3 around here.]

[Insert Table 2.11 around here.]

2.7 Conclusion

We document the relationship between information extracted from the currency options
and carry trade returns from both the cross-section and time-series perspectives. We use option-
implied information to forecast the carry trade excess returns. In these trades, the funding
currency is the Japanese yen (JPY), the Swiss franc (CHF), or the US dollar (USD).

In the cross-section, if the option-implied returns of a carry trade currency pair are more
volatile, more left-skewed, and have fatter tails than those of other currency pairs in the same
period, we find that the currency pair is predicted to have greater future excess returns.

Moreover, each option-implied moment contains specific information about future excess
returns, and this information is not explained by either other option-implied moments or the
risk factors in the foreign exchange market or the equity market.

Based on these results, a trader can construct a cross-sectional carry trade strategy by sort-
ing on one of the option-implied moments and investing in the most beneficial quartile of
currency pairs in each period. Compared with benchmark strategies, the option-implied infor-

mation strategies perform better when measured by the cumulative returns, the Sharpe ratio,
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and the certainty equivalent excess returns. The reason is that the option-implied moments
contain forward-looking features, which are more informative for traders than are the lagged
macroeconomic data or the realized returns.

We consider three utility-free portfolios: the equal-weighted portfolio, the minimum-variance
portfolio, and the mean-variance portfolio. The portfolios based on all strategies, including the
three option-implied information strategies, outperform those based on only the benchmark
strategies. This confirms that the option-implied strategies contain useful additional informa-
tion.

In the time-series, if the option-implied return skewness reaches a historically low level,
future excess returns are forecasted to be smaller, especially trades funded by the Japanese yen.
Therefore, the carry trader may unwind his or her carry trade position or, more aggressively,
execute an “anti-carry trade” when the option-implied skewness approaches a very negative
level compared to its historical records. The portfolios that allow for anti-carry trades usually

perform better than those that execute only carry trades.
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Chapter 3
Ex Ante Skewness and Expected Interna-

tional Stock Index Returns

3.1 Introduction

A large literature discusses higher moments in returns. Rubinstein (1973) was the first to
discuss the asset return with higher moments and incorporate the skewness of asset returns into
the capital asset pricing model (CAPM). Kraus and Litzenberger (1976) empirically estimate
this extended CAPM using U.S. domestic data. Recent literature investigates the cross-sectional
relation between returns, volatilities, and higher moments. For example, Andersen, Bollerslev,
Diebold, and Ebens (2001) examine the cross-sectional pricing of volatility risk using realized
volatility of U.S. domestic stocks. Harvey and Siddique (2000) and Amaya, Christoffersen, Ja-
cobs, and Vasquez (2015) document that realized skewness helps explain the cross-sectional
variation of expected returns in U.S. stocks. Ang, Hodrick, Xing, and Zhang (2009) and Ghy-
sels, Plazzi, and Valkanov (2016) explain international stock market returns using realized
volatility and skewness, respectively.

Option-implied information is “ex ante,” or forward-looking, and thus insightful for in-

vestors in forecasting future returns of the underlying assets. Most of the empirical litera-
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ture examines the cross-sectional relation between returns and option-implied moments. For
example, Chang, Christoffersen, and Jacobs (2013), Conrad, Dittmar, and Ghysels (2013),
DeMiguel, Plyakha, Uppal, and Vilkov (2013), and Bali, Hu, and Murray (2017) document this
relation in the U.S. stock markets or study stocks in a single country. Moreover, Della Corte,
Ramadorai, and Sarno (2016) and Chen (2017) discuss option-implied moments from an in-
ternational perspective but focus on the currency markets.

In our empirical analysis, we extend the existing literature that focuses on only U.S. domes-
tic markets to the USD-based international stock indices in various countries.! The objective
of this paper is to investigate the relation between ex ante option-implied moments and index
returns from an international perspective.

We examine the relation between ex ante higher moments with a focus on skewness and the
cross-section of country-specific index returns. We measure ex ante higher moments using the
options on the country-specific indices. Our cross-sectional findings reveal a strong negative
relation between ex ante skewness and the cross-section of subsequent index returns. The
significant negative relation is robust to controlling for ex ante volatility, loadings of risk factors,
realized return moments, and macroeconomic variables.

We form portfolios based on ex ante skewness. Specifically, we sort countries into quar-
tile portfolios based on skewness and compute the subsequent returns. A long-short strategy
which buys the low (more negative) skewness portfolio and sells the high skewness portfolio
generates a significant annualized return of 4.9%. This strategy performs substantially better
than other strategies based on inflation, GDP growth, the change in real effective exchange
rates (REER), moments of the realized return distribution, and the sensitivity of the country

returns to international risk factors.

! An extensive literature discusses the advantages of international stock index investments. DeSantis and Ger-
ard (1997) and Errunza, Hogan, and Hung (1999) document that such investments benefit investors through
participating in the growth of foreign countries, diversifying their portfolios, and reducing investment volatility.
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Besides skewness, we also examine the role of volatility in explaining the cross-section
of country-specific returns. Our finding with regards to international index markets reveals
that there is no significant cross-sectional relationship between ex ante volatilities and future
international returns. This result is different from the findings in the literature discussing
domestic U.S. markets, including Ang, Hodrick, Xing, and Zhang (2006) and Conrad, Dittmar,
and Ghysels (2013). Our results also indicate that neither market demands for hedging nor
volatility feedback effect is able to explain the activities in international index markets.

Finally, we examine whether there is a skewness and volatility premium in the time se-
ries of the international stock index returns. The presence of a skewness premium indicates
that if an individual country’s index options imply a greater negative skewness risk than was
previously the case, the index returns tend to be higher than the historical returns. We find
that the skewness premium exists in the time series for Asian and non-euro area European
stock indices. While ex ante skewness has significant results, the country-specific volatilities
have an ambiguous relation with future returns in the time series. Our time-series results are
explained by the fact that option-implied skewness is associated with the forward-looking one-
sided skewness risk but volatility relates to a two-sided risk. A skewness decrease in the time
series clearly infers a high probability to crash in return but an increase in volatility represents
an ambiguous signal because the investors do not understand whether their position implies
a potential upside or downside movement. Thus, option-implied skewness provides a more
desirable risk-bearing signal for investors than volatility in the time series.

Overall, our results on skewness suggest that investors are compensated for skewness risk
in the cross-section of country returns. Our results provide support for the findings of Boyer,
Mitton, and Vorkink (2010), Conrad, Dittmar, and Ghysels (2013), and Chang, Christoffersen,
and Jacobs (2013) who find similar compensation for skewness risk in different contexts.

The paper proceeds as follows. Section 3.2 documents the data and the methodology used
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to extract the moments. Section 3.3 constructs the international stock index strategies and
discusses the cross-sectional empirical results. Section 3.4 presents the time-series results.

Section 3.5 concludes.

3.2 Data and Computing Ex Ante Moments

In this section, we document the data and the methodology used to extract ex ante moments
from options. Subsection 3.2.1 discusses the data that we use to investigate the international
return predictability of ex ante moments. Subsection 3.2.2 reviews the methodology used to

extract model-free option-implied moments.

3.2.1 Data

We retrieve data on international stock index options from OptionMetrics. We use daily
data on the quoted implied volatilities across moneyness for the index options in 23 countries
or regions. The underlying indices of the options are USD-based iShares ETFs which are traded
on an exchange in the U.S.? Each ETF tracks a country’s MSCI stock index as the benchmark.
We are able to effectively compare option-implied moments across countries because all of the
returns are USD based. Moreover, investing in ETFs traded in the U.S. rather than directly
holding or short-selling securities that are traded abroad avoids the additional costs of and
potential barriers to international portfolio investments. Detailed sample information is pre-
sented in Table 3.1, including the country-specific benchmark indices that the ETFs track and
the sample periods. We include both developed and emerging markets in our sample. Recent

international studies, such as Kelly, Pastor, and Veronesi (2016), also use this international ETF

2See the iShares website (https://www.ishares.com/us/products/etf-product-list) for detailed information on
iShares ETFs.
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index and option data.
[Insert Table 3.1 around here.]

The iShares ETF options are standardized and traded on the stock exchange.®> We use
one-month options to retrieve the option-implied monthly return distributions.* To construct
portfolios, we rebalance monthly depending on the information available on the rebalancing
day which provides the latest market beliefs.”

We obtain the short-term risk-free interest rates, the exchange rates, and the international
macroeconomic data including the gross domestic product (GDP), the consumer price index
(CPI), and REERs from Datastream. The Fama-French international factors (returns on the
market portfolio, size, book-to-market, and momentum) are from Kenneth French’s website at

Dartmouth College.
[Insert Table 3.2 around here.]

We tabulate the descriptive statistics of option-implied moments in Table 3.2. We observe
the evidence as follows. First, overall option-implied volatility in all countries is approximately
7.1%. While the average volatilities do not vary substantially across countries, the eightieth
percentiles of the volatilities across countries are different. Second, the average and median
levels of option-implied skewness vary a lot across countries, ranging from —0.8 to —1.4. Third,
we observe that index returns are, on average, appear to be negatively skewed in all countries

in our sample. Even the eightieth percentiles of skewness in all countries are negative.® Last,

3See the CBOE’s website (http://www.cboe.com/products/options-on-single-stocks-and-exchange-traded-
products/options-on-exchange-traded-products) for the detailed information of ETF options.

*We also check the robustness of our results by using three-month options.

>The empirical results are generally robust irrespective of how we choose the rebalancing day in a month. We
present results for which the portfolios are rebalanced on every third Wednesday of a month.

®The 95th percentiles of skewness in all countries are negative. However, we observe some peaks with positive
skewness from the time series in a few countries.
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country-specific ex ante volatility and skewness are on average not strongly related to the

economic development of each country.

3.2.2 Methodology to Compute Ex Ante Moments

We document the methodology to extract model-free ex ante volatility and skewness from
the options proposed by Bakshi, Kapadia, and Madan (2003). The volatility and cubic entropy
swap contracts are defined, and their payoffs are related to the squared and cubic returns. The
non-central risk-neutral moments of the returns can be extracted from the options with various

moneyness. Thus, the kth non-central moments are

k
e :E;Q[(ln%” ,where k = {1,2,3,4}. (3.1)

t

The time-t prices of the volatility and cubic entropy swap contracts are computed by port-

folios of calls and puts as follows:

*2(1-m¥) 2(1+1n%)
Contract, (1) = T[Ct(K, T)dK + TPt(K, 17)dK, (3.2)
S 0

t

2 2

oo6ln55—3(1n55> St6ln%+3<ln%>
Contracts (1) = d 2 “C,(K,7)dK — 2 P.(K,7)dK, (3.3)
S 0

t

respectively, where C,(K, t) and P,(K, 7) are the prices of call and put options with strikes K

and 1 periods to expiration. The contract prices have to be discounted from expiration to time
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t, so the non-central moments are’

. (7) = exp(r, - 7) - Contract, ,(7); where k = {2, 3}. (3.4)

Thus, ex ante volatility and skewness under the risk-neutral QQ probability can be estimated

from the options and derived as follows:

ivol (1) = [y, (7) — 1, ()12, (3.5)

py (7)) =3y (T) -y (T)+2- .ul,t(T)B

(3.6)
[t (7) =ty (£)?T

iskew(t@(f) =

respectively, where ivol and iskew are (ex ante) option-implied volatility and skewness, respec-

tively. u, . is the expected mean return, defined from the expansion formula as

Mz,t(’f) _ Ms,t(T) _ U4,t(7)

2! 3! 4! (3.7

:u‘l,t(T) =exp(r,-7)—1—

Theoretically, a continuum of out-of-the-money call and put prices and their moneyness
are needed when we compute the contract prices at time t. Thus, empirically, we have to
discretize, interpolate, and extrapolate the option data. We discretize the range of integration
of the moneyness onto a grid of 1000 points.® We extrapolate option-implied volatility below
the lowest and above the highest available strikes by appending flat tails. The infinite sum of
the appended tails in our computation is truncated at strikes equal to 0.1 and 3.5 times of the

index levels.” Based on Jiang and Tian (2005), the errors from extrapolation, truncation, and

"Without loss of generality, let the risk-free USD interest rate r, be deterministic.

8Jiang and Tian (2005) document that the discretization errors are negligible when the grid contains more
than 20 points.

9Jiang and Tian (2005) indicate that option-implied higher moments are estimated more precisely by extrap-
olating flat tails at the level of the last quoted implied volatility at the most extreme available strikes than by
simply truncating the range of strikes used in the computation. In the case of stock indices in our sample, the
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discretization in our computation are thus negligible.

To interpolate the complete option-implied volatilities across different strikes, we apply a
cubic spline interpolation. A cubic spline is superior to a low-order polynomial because it has
greater flexibility in the shape of the fitted volatility smile and is also effective at smoothing
the fitted function. See Bu and Hadri (2007).

In our sample, we use American options which involve early exercise. Based on Bakshi,
Kapadia, and Madan (2003), moment extraction is generalized to using American options.
Moreover, we compute option-implied moments using only out-of-the-money options and this

reduces the effect of early exercise.!”

3.3 The Cross-Sectional Return Predictability of Ex Ante Mo-
ments

In this section, we document the cross-sectional relation between ex ante volatility and
skewness and subsequent international stock index returns. We present the results of the uni-
variate and double-sorted portfolios in Subsection 3.3.1. Based on the results of cross-sectional
sorts, we propose international trading strategies on option-implied moments in Subsection
3.3.2. We address the benchmark strategies which are proposed in the literature and com-
pare our option-implied strategies with them in Subsection 3.3.3. Subsection 3.3.4 presents
the pure cross-sectional relation between ex ante moments and future returns derived from

the Fama-MacBeth regressions. Subsection 3.3.5 examines whether the return predictability

strikes of all available deepest out-of-the-money options do not exceed this range. Thus, the resulting truncation
errors are negligible when we consider extrapolation. An extensive literature, including for example DeMiguel,
Plyakha, Uppal, and Vilkov (2013), also uses this linear extrapolation to mitigate the truncation error.

9DeMiguel, Plyakha, Uppal, and Vilkov (2013) and Conrad, Dittmar, and Ghysels (2013) also extract option-
implied moments from American options using the same methodology. The difference caused by the early exercise
from out-of-money American options is negligible.
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of ex ante moments is significant even after considering benchmark characteristics as control

variables in the Fama-MacBeth regressions.

3.3.1 Portfolio Sorts

In this subsection, we sort the cross-section of stock indices across countries into quartiles
based on sorting characteristics. We sort portfolios by weighing each country in the portfolio
equally and rebalance the portfolios in each month.!! We report the subsequent returns of the
univariate sorted portfolios over the next month in Table 3.3. Quartile 1 contains indices with
the lowest sorting characteristics, and Quartile 4 contains indices with the highest ones. We
form a “long-short portfolio” in every strategy by buying the most beneficial quartile and short

selling the least beneficial quartile based on the sorting characteristics.
[Insert Table 3.3 around here.]

The first column in Table 3.3 shows a negative relation between ex ante volatility and
subsequent index returns while this negative relation is not significant. The annualized re-
turn differential between the lowest and highest volatility portfolios is 4.16%, although the
magnitude of this difference is not statistically different from zero. This result indicates that
the option-implied volatility of an index returns are not related to future returns in the cross-
section. Empirically, the literature with regards to domestic U.S. stock markets, including Ang,
Hodrick, Xing, and Zhang (2006), Ang, Hodrick, Xing, and Zhang (2009), Chang, Christof-
fersen, and Jacobs (2013), and Conrad, Dittmar, and Ghysels (2013), documents a negative

relation between volatility and future returns, which is not consistent with our empirical results

"The countries have equal weights rather than weigh by values in the portfolio because we would like to
treat each country as important as others when international investors make decision on buying or short-selling
countries depending on a specific characteristic. If we use value-weighted portfolio, U.S. or Euro area would
dominate the results in the periods that it is chosen in the portfolio.
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on international stock index markets. We extend the cross-sectional investigation to interna-
tional stock indices and find different results that the volatility risk premium does not exist in
international stock markets.

There are two explanations of the insignificance. First, volatility contains two-tailed in-
formation including downside risk and upside surprise. The two-tailed information is noisier
in international markets than in domestic ones. Second, the rankings by volatility across 23
countries do not have obvious cross-sectional variation based on our entire sample period. The
difference between the high volatility portfolio and low volatility portfolio is not big enough
and the risk premium based on sorting is thus not significant.

The negative relation between volatility and subsequent returns documented in the litera-
ture on domestic markets agrees with the findings based on the intertemporal CAPM proposed
in Campbell (1996). The literature employing this model indicates that investors are concerned
not only with the risks associated with current market returns but also with changes in future
market returns. Because volatility positively relates to changes in future market returns and
in investment opportunities, risk-averse investors thus attempt to hedge against changes in
aggregate volatility. Consider high market volatility for example: investors may expect worse
future investment opportunities. If an asset’s return is positively associated with market volatil-
ity, risk-averse investors wish to buy this asset to hedge against the deterioration of the future
investment opportunities.!? High demand for this asset results in a higher current price or
a lower expected future return of this asset. Thus, the price of the volatility risk in the cross-
section is negative. Also, French, Schwert, and Stambaugh (1987) propose a volatility feedback
effect that a high volatility usually coincides with lower returns. In our findings, neither mar-

ket demands for hedging nor volatility feedback effect is able to applied in international stock

12Although the options are priced under the risk-neutral measure, the expected underlying index returns real-
ized in the future are evaluated under the physical measure. Moreover, international stock market participants
are risk averse.
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markets.

The second column in Table 3.3 shows a considerably negative relation between ex ante
skewness and subsequent index returns. The annualized return differential between the most
and least left-skewed portfolios is 4.94%, and the magnitude of this difference is statistically
distinguishable from zero. This result provides evidence that if the option-implied skewness
of a stock index is more negative than its cross-sectional counterparts in other countries, the
subsequent returns in this country are expected to be higher. These higher returns reflect a
skewness premium.

The cross-sectional findings related to the skewness in the international index markets are
consistent with the domestic stock results documented in Boyer, Mitton, and Vorkink (2010),
Chang, Christoffersen, and Jacobs (2013), Conrad, Dittmar, and Ghysels (2013), and DeMiguel,
Plyakha, Uppal, and Vilkov (2013) and with the currency market results reported in Lustig,
Roussanov, and Verdelhan (2014) and Chen (2017). The literature demonstrates that returns
compensate domestic stock investors or currency traders for taking aggregate skewness risks
in the cross-section. We extend the results of option-implied ex ante skewness to international
stock index portfolios.

Our empirical result of a negative relation between skewness and future returns in the in-
ternational index portfolios also confirms the findings of the model proposed in Mitton and
Vorkink (2007) and Brunnermeier, Gollier, and Parker (2007). These papers report that a
positively skewed stock, analogous to a lottery, is widely favored by investors. Investors may
increase their demand for holding stocks with more positive (or less negative) skewness and
concentrate on investing in these stocks while sacrificing diversification. Therefore, such stocks
subsequently have reduced expected returns. In addition, our results are in the line with em-

pirical studies on lottery-like stocks in the U.S., such as Bali, Cakici, and Whitelaw (2011).
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[Insert Table 3.4 around here.]

Also, we investigate whether option-implied volatility and skewness are important sources
of risk, so we estimate portfolio abnormal returns, or “alphas” after considering Fama and
French (2012) international four factors. Table 3.4 shows the result with regards to alpha.
Among sorted and long-short portfolios based on all of the international characteristics, only
the long-short portfolio based on ex ante skewness have positive and significant alpha. This
results indicates that information containing in ex ante skewness is not fully explained by the
international four factors proposed in Fama and French (2012) and ex ante skewness is an
important source of risk apart from the conventional risk factors.

In addition to the first two columns in Tables 3.3 and 3.4, we sort the cross-section of
stock indices based on various “benchmark” characteristics proposed in the literature. Unlike
the portfolios based on option-implied moments, none of the long-short portfolios based on
the benchmark strategies have significantly positive returns. The benchmark strategies ex-
hibit lower economic and statistical significance than the strategies based on option-implied
moments. We discuss the results of the benchmark in detail in Subsection 3.3.3.

Having investigated the univariate sorts, we use double sorts to estimate the relation be-
tween ex ante moments and subsequent returns. We independently sort countries into tercile
portfolios based on ex ante volatility and skewness.'*> Then, we construct the sorted portfo-
lios based on a combination of the volatility and skewness rankings. The sorted portfolios are

equally weighted and rebalanced in each month.
[Insert Table 3.5 around here.]

Table 3.5 presents the double-sorting results. We report subsequent returns for each of

the three-by-three portfolios. Across the columns in a given row and keeping volatility in the

13We independently sort countries into terciles and report three-by-three portfolios for allocating portfolios
reasonably because of our sample size in the cross-section.
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same tercile, we observe that indices with low (more negative) skewness typically have higher
subsequent returns. If a country’s volatility is low, investing in a country’s index with low
skewness is compensated by significantly higher future returns. International investors holding
indices with a comparatively left-skewed ex ante distribution or forming a long-short portfolio
by buying indices with a low skewness and short selling indices with high (less negative or
more positive) skewness are expected to earn a considerable skewness premium, unless these
indices are highly volatile. If investors focus only on the highly volatile indices, buying indices
with high skewness is profitable because good outcomes in the right tail (“winning the lottery”)
may occur. These future potential good outcomes are expected to offset the low returns caused
by high current market demand.

When we read across the rows in a given column and keep skewness in the same tercile,
we observe that volatility negatively relates to subsequent returns. This result indicates that
investors holding a long-short portfolio by buying stable indices and short selling volatile in-
dices are expected to earn significantly higher profits only if these indices have low skewness.
This low-skewness scenario is consistent with our univariate results that risk-averse market
participants have considerable demand for stock indices that are sensitive to market volatility

to hedge possible future bad outcomes.

3.3.2 International Stock Index Trading Strategies

In line with the cross-sectional results of portfolio sorts described in the previous subsec-
tion, we propose profitable trading strategies based on cross-sectional sorting of the country-
specific characteristics. In this subsection, we propose international trading strategies based on
option-implied moments. We also document the benchmark international strategies in the next

subsection. We compare the option-implied strategies with the benchmark strategies proposed
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in the literature. The empirical results show that the strategy based on option-implied skew-
ness outperform the benchmark strategies in terms of cumulative returns, abnormal returns,
and Sharpe ratios.

Based on sorting one of the country-specific characteristics, an international investor buys
and holds the stock indices in countries in the most beneficial quartile for one month and
simultaneously short sells the stock indices in countries in the least beneficial quartile for the
same period.'* The returns of each strategy are realized in the next period.

Based on the cross-sectional portfolio sorts in Subsection 3.3.1, we propose two option-
implied strategies. The first strategy is based on option-implied ex ante skewness (“iskew”),
which relates to skewness risks and is negatively related to future returns. A portfolio long
in the most left-skewed quartile and short in the least left-skewed (or the most right-skewed)
quartile is profitable for international investors.!®> The second strategy is based on option-
implied ex ante volatility (“ivol”), which is negatively but not significantly associated with the
future returns. We investigate that whether investing in the least volatile and selling the most

volatile quartile is profitable at some time points.
[Insert Figure 3.1 around here.]

The results are shown in Figure 3.1. In the figure, the performance is measured by the

cumulative returns that the investor obtains by initiating the investment strategy in January

140ur empirical results are generally robust if the quartile is replaced by the quintile or other percentiles.
Moreover, holding long-short portfolios for three months based on the three-month options and the latest available
market information leads to similar robust results.

15The investor constructs a long-short portfolio which is useful for diversification. Investors can limit their over-
all market exposure by reducing their long positions or by short selling assets that they expect to underperform.
The long-short portfolio benefits investors if the long position outperforms the short position. Hence, the advan-
tage of the long-short portfolio is generally that it minimizes exposure to the market, and investors profit from
a change in the difference, or spread, between two groups of assets. In addition to diversification, a long-short
portfolio potentially generates additional returns to the investors. We agree that constructing a long-short portfo-
lio is not always possible in reality, such as during the financial crisis. However, in this paper, we focus primarily
on the advantages of the long-short portfolio — diversification and market exposure minimization. The results are
typically robust if the investor only buys and holds the most beneficial group.
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2010.1° We observe that our option-implied strategies perform well. On average, option-
implied skewness and volatility strategies annually earn approximately 4.9% and 4.2% of re-
turns through the internationally diversified long-short portfolios, respectively. The average
returns and the Sharpe ratios of the trading strategies are shown in Table 3.3. After adjusting
by realized volatility, the long-short portfolios based on the option-implied strategies generally
have higher Sharpe ratios than those based on the benchmark strategies, which we discuss
in the next subsection. Also, Table 3.4 shows portfolio alphas after considering the interna-
tional four factors proposed in Fama and French (2012). The long-short portfolios based on
option-implied skewness have the highest Sharpe ratio and alpha among all of the international

trading strategies.

3.3.3 Benchmark International Trading Strategies

To compare the cross-sectional return predictability of option-implied moments addressed
in Subsections 3.3.1 and 3.3.2, we present benchmark strategies that are well-documented in
the literature and are useful to explain future index returns. The benchmark characteristics
include macroeconomic variables, sensitivities to international factors, and the characteristics
of the realized returns.

The first type of the benchmark strategy is related to macroeconomic conditions. An ex-
tensive literature investigates the relation between economic variables and stock markets. For
example, Ferson and Harvey (1993) document the relation between global economic risks and
international stock returns. Liew and Vassalou (2000) relate the equity risk factors to GDP

growth in various countries. Schwert (1989) and Paye (2012) also investigate the relation

16The reason for this starting point is that we depend on our sample data in the former period to form a portfolio.
For example, we have to gather sufficient information to estimate betas in the factor models. Generally, the results
are robust to earlier or later initiation.
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between macroeconomic risks and characteristic-based risk factors within the U.S. In our re-
search, we use GDP growth, inflation, and the change in the REER to represent a country’s
macroeconomic situation. We use the growth in the CPI as a proxy for inflation. For GDB CPI,
and REER growth, we use the year-over-year (YoY) change to mitigate seasonal effects.!”

We discuss these three benchmark macroeconomic variables as follows. First, stock index
returns in one country closely relate to the country’s GDP growth. Thus, we focus on whether
country-specific GDP growth relates to subsequent index returns, as documented in Demirgiic-
Kunt and Levine (1996).'® Second, purchasing power parity (PPP) means that the purchasing
power of two countries should be indentical after accounting for the currency values.!” The
inflation in an individual country reflects the change in purchasing power in each period. A
large literature, including Nelson (1976) and Fama and Schwert (1977), documents a negative
relation between inflation and a country’s stock returns. Therefore, we use the inflation as a
benchmark and investigate whether inflation relates to future index returns in the cross-section.
Third, the REER represents the real currency’s relative value. Solnik (1987) empirically exam-
ines the relation between real exchange rates and financial prices and economic growth and
reports that an undervaluation of the local currency relates to the economic and stock growth
in a country, especially for emerging countries. Hence, we add the change in the REER as a

benchmark.

[Insert Figure 3.2 around here.]

7The results are generally robust to the use of quarter-over-quarter changes. Because official institutions have
to collect and arrange the macroeconomic information, the information is announced later than the exact periods.
Hence, we report the results based on the macroeconomic information with a two-month time lag when the market
participants actually observe the announcements.

18Empirically, Harvey (1989) describes stock returns as a leading indicator of economic growth. We agree
with this study but do not emphasize the causality or endogeneity of the relation between the stock returns and
economic development in this paper.

19 Although the long-term equilibrium of the price index or purchasing power in a specific country is not easily
derived, we focus on the change in purchasing power in each country period by period.
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Based on the results we present in Table 3.3, each of the macroeconomic strategies buys the
lowest historical GDP growth, the lowest inflation, and the lowest change in the REER quartile,
respectively, and sells the opposite quartiles to achieve high returns.?® Table 3.3 shows that
the long-short portfolios based on the macroeconomic strategies cannot earn returns signifi-
cantly different from zero, although the Sharpe ratio of the portfolios based on the change in
REER strategy is 0.23, which is highest among the benchmarks. Panel A of Figure 3.2 shows
that our option-implied strategies outperform the macroeconomic strategies. We observe that
the macroeconomic strategies have relatively poor performance, especially before 2013. We
also observe that the time series of portfolio returns based on inflation is correlated with that
based on option-implied volatility, especially after 2014. The unconditional time-series corre-
lation between the returns based on the inflation and those based on option-implied volatility
is 10.7%. This phenomenon is supported by Antonakakis, Chatziantoniou, and Filis (2013),
who report a positive correlation between option-implied volatility and inflation. Although this
positive correlation exists, the cumulative portfolio returns based on option-implied volatility
outperform those based on inflation. Therefore, the economic conditions across countries are
relevant when when the international investors allocate their assets, but the ex ante informa-
tion implied by the options is more useful for the investors to obtain future index returns in
the cross-section.

The second type of the benchmark strategy is based on the sensitivities to the risk factors.
An extensive literature considers factor models in the equity market. In addition to the CAPM,
which is used in Ferson and Harvey (1993) to investigate international returns, the most famous

factors are the size and book-to-market factors documented in Fama and French (1992) and

20We choose to go long in the quartile with the lowest inflation and short in the quartile with the highest
inflation based on the economic evidence provided in the literature. Moreover, our empirical findings in Table
3.3 indicate that historical GDP growth and the historical change in the REER have negative relations with future
returns in the cross-sectional comparison.
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the return momentum factor proposed in Carhart (1997). These papers empirically construct
risk factors based on the U.S. domestic equity market. Eun, Lai, Roon, and Zhang (2010) and
Hou, Karolyi, and Kho (2011) document that the U.S.-based market, size, book-to-market, and
momentum factors are able to describe international stock returns. However, these studies are
empirically based on U.S.-based factors only. We extend their results by applying international
factor models. Fama and French (2012) review their domestic factors and reconstruct the
market, size, book-to-market, and momentum factors based on international stock returns.
We use the sensitivities to the international factors constructed in Fama and French (2012) as
our benchmark.

We include the sensitivities to the international market factor in the CAPM (“CAPM Mar-
ket”), the loadings on the size (“FF3 SMB”) and book-to-market (“FF3 HML”) factors in the
Fama and French (2012) international three-factor model, and the loading on the momentum
factor (“FF4 Momentum”) in the Fama and French (2012) and Carhart (1997) international
four-factor model.?! Based on the empirical results shown in Table 3.3, each of the factor sen-
sitivity strategies buys the quartile with the countries most sensitive to the market and size
factors and those least sensitive to the book-to-market and momentum factors and short sells
the opposite quartiles.?® Table 3.3 reports that long-short portfolio returns based on the factor
loading strategies are neither economically nor statistically significant. The Sharpe ratios of
these portfolios are considerably low. Panel B of Figure 3.2 shows the cumulative returns of
these strategies. Although the momentum strategy has good performance before 2014, we ob-
serve the poor performance of the factor loading strategies in the full sample period, which on

average underperform the option-implied strategies because the option-implied strategies are

21The results are generally robust if we adopt all loadings from the four-factor model.

220ur book-to-market and momentum strategies have different results from Fama and French (2012) and
Carhart (1997). In our findings, the “growth” countries are expected to have better performance than the “value”
countries. The sensitivity to the return momentum factor in this paper also yields the opposite results from the
literature.
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forward-looking and informative of future returns. Moreover, we observe a consistent trend of
the time series of cumulative returns across various strategies. For example, the return correla-
tion between the sensitivity to size factor strategy and implied volatility strategy is 55%, while
the return correlation between sensitivity to the book-to-market factor strategy and implied
volatility strategy is 47.4%. Although the trends among strategies are positively correlated,
the option-implied strategies not only have better performance but also dominate the bench-
mark strategies in explaining future index returns. We examine and discuss which strategy
dominates in Subsection 3.3.5.

The third type of the benchmark strategy is associated with realized returns. The litera-
ture documents that the characteristics of realized returns are able to predict future returns.
For example, Andersen, Bollerslev, Diebold, and Ebens (2001) examine the cross-sectional
pricing of volatility risk using the realized volatility of the U.S. domestic stocks. Harvey and
Siddique (2000), and Amaya, Christoffersen, Jacobs, and Vasquez (2015) find that realized
skewness helps explain the cross-sectional variation in the expected returns of domestic U.S.
stocks, and Ghysels, Plazzi, and Valkanov (2016) apply the explanation of realized skewness
to emerging markets. Thus, we build benchmark strategies based on the USD-based interna-
tional index realized return moments that can be compared with the strategies based on their
option-implied counterparts. Based on Table 3.3, we go long in the most left-skewed and most
volatile quartiles and short in the opposite quartiles in the realized skewness (“rskew”) and
volatility (“rvol”) strategies, respectively. Table 3.3 shows that the average annualized long-
short portfolio returns based on realized moments are approximately 3.5% and thus that they
outperform most of the benchmark strategies. However, the returns of the realized moment
strategies are not significantly greater than zero and are lower than those of the option-implied
strategies. The Sharpe ratios of the option-implied strategies are also higher than those of their

realized counterparts.
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From Panel C of Figure 3.2, we discover that the cumulative returns of the long-short port-
folios based on option-implied moments are correlated with those based on their realized coun-
terparts. For example, the return correlation between the option-implied volatility strategy and
the realized volatility strategy is 87.2%, and that between the skewness strategies is 21.7%.
Despite these high correlations, the option-implied strategies outperform the realized return
strategies, and only the option-implied skewness strategy yields statistically significant per-
formance. Moreover, we reveal that option-implied skewness is not dominated by realized
skewness in explaining future returns in Subsection 3.3.5. Because option-implied strategies
are forward-looking and realized moments depend only on historical information, the former
explain future returns better than the latter.

Tables 3.3 and 3.4 show that our option-implied strategies outperform benchmark strategies
in terms of the performance measured by not only returns but also by Sharpe ratios and alphas.
Moreover, we find that option-implied ex ante skewness has better performance than option-
implied ex ante volatility in our international sample. This superior performance is because
the skewness is more informative than volatility, and volatility risks are partially diversifiable
through international asset allocation, while the skewness risks are not. These diversifiable
volatility results are consistent with the findings of DeSantis and Gerard (1997), who report
that the cross-country dependence in volatility is not very strong in their sample. Moreover, the
cross-sectional variation of ex ante volatility across countries is not large. Ranking and holding
long-short portfolios based on sorting ex ante volatilities across countries is not exposed to a
high volatility risk, compared to the portfolios constructed by individual stocks in domestic

U.S. markets.
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3.3.4 Cross-Sectional Return Predictability: Ex Ante Moments

After sorting portfolios based on international characteristics discussed in Subsection 3.3.1,
we investigate the cross-sectional return predictability of ex ante moments from another per-
spective. We use Fama and MacBeth (1973) regressions to document this cross-sectional pre-

dictability as follows.

Regression 6. R; ., = ag, + Pe;, - iskew;, +v¢x, - X;s + €6, 415 at each time (¢t + 1),
Regression 7. R; ., = a;, + fB;,, -ivoly, + yx, - X, + €7, .41 at each time (t + 1),

Regression 8. R; ., = ag, + fg,, - iskew;, + fBg, , - ivol;, + ygx - X;; + €541 ; at each time (t + 1),

where R is the country i’s stock index return, X is the vector of control variables, which we
discuss in Subsection 3.3.5, and the ¢s are regression errors, each of which is assumed to have
a zero mean. The options quoted at time t and expiring at time (t 4+ 1) imply the ex ante return
distribution over this period in the initial quotes. On the other hand, the returns from times t
to (t + 1) are realized at the end of the period, or time (t + 1). The cross-sectional regressions
in Regressions 6 to 8 are thus intertemporal.

Tables 3.6 to 3.9 report the intertemporal predictions of option-implied volatility and skew-
ness on future returns. In this subsection, we focus on Columns (1) to (3) and (7) to (9) in

Table 3.6 to examine the pure relations in these regressions without control variables.
[Insert Table 3.6 around here.]

The results of Regression 6 are shown in Column (1) in Table 3.6, which documents a strong
negative relation between ex ante skewness and subsequent international index returns. This
result is consistent with the outcomes of the univariate sorts. Because stock returns empirically

exhibit autocorrelation, we add the lagged return as a control variable for robustness in Column
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(7) in Table 3.6. We observe that the predictability of ex ante skewness is significant after
considering the lagged returns.?

Further, we present the results of Regression 7 in Column (2) in Table 3.6, which shows that
the cross-section of country-specific ex ante volatility negatively relates to subsequent interna-
tional index returns. As shown in the univariate sorted portfolios, option-implied volatility
has a negative (but not significant) relation with subsequent index returns.?* After adding the
lagged return as a control variable, as shown in Column (8) in Table 3.6, the predictability of
ex ante volatility is robust and significant.

Regression 8 investigates whether the future returns are simultaneously explained by both
ex ante volatility and skewness. We present the results in Columns (3) and (9) in Table 3.6.
Column (3) shows that the return predictability is significant when we include both ex ante
volatility and skewness together as regressors, and we find the same result when we include

the lagged return for robustness in Column (9).

3.3.5 The Return Predictability of Ex Ante Moments: Controlling for the

Benchmark Characteristics

In this subsection, we investigate whether the cross-sectional return predictability of ex
ante volatility and skewness is significant even after considering the benchmark characteristics
documented in Subsection 3.3.3. We include the benchmark characteristics as the control
variables X's in Fama-MacBeth Regressions 6 to 8. We expect that the return predictability of

option-implied moments is distinct and not explained by the benchmarks. We describe the

23Gee French, Schwert, and Stambaugh (1987) for a detailed discussion of autocorrelation in stock returns.

24The results of univariate sorted portfolios discussed in Subsection 3.3.1 are based on the average portfolio
returns over the entire sample period. The cross-sectional results in this and next subsections are based on Fama-
MacBeth regressions, which involve the time-average and time-variation of the estimated coefficients. This is an
explanation of the potential difference in these two results.
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results below.

First, we investigate whether ex ante moments in the Fama-MacBeth regressions explain
future cross-sectional returns after controlling for the macroeconomic variables. The results
are tabulated in Columns (4) to (6) in Table 3.6. The return predictability of option-implied
moments is generally robust to controlling for the macroeconomic situation, meaning that
the return predictability does not derive from macroeconomic conditions. Columns (10) to
(12) in Table 3.6 show the robust results when we add the lagged return as an additional
control variable. In addition to the option-implied moments, the change in the REER is the
only macroeconomic variable that exhibits return predictability and negatively relates to future
index returns in the cross-section. This results support our findings in Table 3.3 that the “change
in REER” strategy has higher average returns and Sharpe ratio than the other macroeconomic
strategies. Further, this result confirms the empirical findings documented in Solnik (1987)

that an undervaluation of the local currency positively relates to stock growth in a country.

[Insert Table 3.7 around here.]

[Insert Table 3.8 around here.]

Second, we examine the return predictability of ex ante moments after controlling for the
sensitivities to the international factors constructed in Fama and French (2012). The results
are tabulated in Tables 3.7 and 3.8. We discover that ex ante volatility and skewness have
predictive power for subsequent international index returns after considering the return sen-
sitivities to these international-based factors. The benchmark international factors include (i)
International CAPM, which controls for the loading on the international market factor and is
shown in Table 3.7; (ii) the Fama and French (2012) international three-factor model, which

controls for the loadings on the market, size (“SMB”) and book-to-market (“HML”) factors and
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is shown in Columns (1) to (3) in Table 3.8; and (iii) the Fama and French (2012) and Carhart
(1997) international four-factor model, which controls for the loadings on the market, size,
book-to-market, and momentum factors and is shown in Columns (4) to (6) in Table 3.8. We
present the robust results after adding the lagged return as an additional control variable in
Columns (4) to (6) in Table 3.7 and Columns (7) to (12) in Table 3.8.

In addition, we find that only the sensitivity to the book-to-market (HML) factor signifi-
cantly explains future international returns in the cross-section among the sensitivities to the
international factors. This result is consistent with the evidence we proposed in Table 3.3 that
the univariate-sorted long-short portfolios based on the loading on the HML factor have higher
average returns and Sharpe ratios than other factor strategies. The negative relation between
the loadings on the HML factor and subsequent index returns indicates that the “growth” coun-
tries are expected to have better performance than the “value” countries. Moreover, although
we observe high return correlation among option-implied volatility, the sensitivity to the size
factor, and the sensitivity to the book-to-market factor strategies in Panel B of Figure 3.2, we
show that the return predictability of option-implied volatility is not dominated by the charac-

teristics of these correlated strategies in Table 3.8.

[Insert Table 3.9 around here.]

Third, we examine whether ex ante volatility and skewness explain future international
index returns in the cross-section after controlling for their realized counterparts. We tabulate
these results in Table 3.9. After accounting for realized skewness, ex ante skewness signifi-
cantly explains future index returns in the cross-section. However, the cross-sectional return
predictability of ex ante volatility becomes ambiguous after including realized volatility. When
we only investigate the return predictability of the volatilities in Columns (2) and (5), the

predictability of option-implied volatility is not statistically significant. However, when we fo-
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cus simultaneously on volatility and skewness in the regressions whose results are shown in
Columns (3) and (6), both option-implied moments have significant return predictability. All

of these results are robust after controlling for the lagged returns.

3.4 The Time-Series Return Predictability of Ex Ante Moments

In this section, we use time-series regressions to investigate the predictive relation between
option-implied moments and the international stock index returns in each country. We exam-
ine whether future index returns are higher when option-implied skewness is relatively lower
or when volatility is relatively higher compared with its own time series. The time-series rela-
tion between option-implied moments and an individual country’s future stock returns can be

illustrated as
Regression 9. R; ;1 = ag; + f39; - imom;, + & ., ; given a stock index i,

where “imom” is a vector containing one or both of option-implied moments.

The explanatory variables are option-implied moments, which are extracted from the op-
tions quoted at time t and expiring at time (t + 1). On the other hand, the response variable is
an individual country’s USD-based index return, which is gained over the period from times t
to (t + 1) and fully realized at time (t + 1). Hence, Regression 9 is an intertemporal predictive
regression.

Tables 3.10 to 3.12 report the results of Regression 9. We present two time-series results

with respect to option-implied skewness and volatility.
[Insert Table 3.10 around here.]

First, from the time-series results tabulated in Table 3.10, if an index’s option-implied skew-

ness is at a historically low level, the index is predicted to have a higher return than in the past
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due to the skewness premium. A low option-implied skewness in the time series indicates his-
torically high skewness risk. A stock index investor who bears such risk is expected to earn a
higher skewness premium than in the past. Table 3.10 shows that this time-series return pre-
dictability of ex ante skewness is significant in the non-euro area European countries and the
Asian-Pacific region. This time-series result that higher skewness risks relate to higher skew-
ness risk premia also supports the empirical evidence proposed in the behavioral literature,

such as Han (2007) and Bordalo, Gennaioli, and Shleifer (2013).

[Insert Table 3.11 around here.]

[Insert Table 3.12 around here.]

Second, the time-series results of option-implied volatility are not consistent across vari-
ous countries, as shown in Table 3.11. As the results presented in Table 3.12 indicate, the
time-series results of option-implied moments are robust when we simultaneously include both
moments as regressors.

Option-implied skewness is associated with forward-looking, one-sided skewness risk be-
cause index skewness is mostly negative across countries and time. A decrease in skewness
in the time series suggests a high crash probability for the return. However, volatility relates
to a two-sided risk that represents an ambiguous signal because investors do not understand
whether their position implies a potential upside or downside movement. Thus, in the time
series, option-implied skewness provides a more desirable risk-bearing signal for investors than
volatility. This may explain why option-implied skewness has significant time-series results but
option-implied volatility has relatively ambiguous or incompetent results in the time series.

Although our time-series results regarding option-implied volatility are not conclusive, this

ambiguity of the risk premium in the time series is consistent with the literature. Moskowitz,
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Ooi, and Pedersen (2012) find that returns may not reflect the compensation for risk exposure
in the time series. Goyal and Jegadeesh (2018) explain that cross-sectional and time-series
risk factors are based on different net active positions, and thus, the difference between the
cross-sectional returns and the time-series returns partially results from the compensation for
bearing risks. Thus, the time-series return predictability for option-implied volatility is not
clear in the most countries because the expected premium for risk exposure is not reflected in
the time series. This time-series result is consistent with the empirical findings in Guo (2006),

who investigates the ex post realized volatilities of indices in developed countries.

3.5 Conclusion

We investigate the relation between ex ante information extracted from country-specific in-
dex options and subsequent returns on the international investments from both cross-sectional
and time-series perspectives. We show that option-implied skewness has negative effects on
USD-based future international index returns.

In the cross-section, our empirical finding reveal a significantly negative relation between
ex ante skewness and subsequent returns. This negative relation between skewness and subse-
quent returns is consistent with the intuition that an international investor exposed to greater
skewness risks is compensated by a higher future skewness premium. Moreover, we document
an insignificant relation between ex ante volatility and future international index returns. This
result shows that either investor’s demand for hedging against changes in market volatility or
volatility feedback effect is not able to explain the activities in international index markets.
More importantly, our findings are different from the empirical results that there is a negative
cross-sectional relation between volatility and future returns with regards to domestic U.S.

stock markets.
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Based on the cross-sectional results, we form international trading strategies by sorting
countries into quartile portfolios based on ex ante skewness and volatility. A long-short strategy
which buys the low skewness portfolio and sells the high skewness portfolio outperforms the
benchmark strategies in terms of cumulative returns, abnormal returns, and Sharpe ratios. The
benchmark characteristics include the macroeconomic variables, sensitivities to international
risk factors, and realized return moments. The reason for the outperformance of the strategy
based on ex ante skewness is that option-implied skewness contain forward-looking and only
downside features, which are more informative than the benchmarks.

In the time series, we document existence of a skewness premium for Asian and non-euro
area European stock indice. The presence of a skewness premium indicates that if an indi-
vidual country’s index options imply a greater negative skewness risk than was previously the
case, the index returns tend to be higher than the historical returns. Our time-series results
are explained by the fact that option-implied skewness is associated with the forward-looking
one-sided skewness risk. Namely, a skewness decrease in the time series clearly infers a high
probability to crash in return. Thus, international stock index investors are compensated for

the exposure to skewness risk.
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Chapter 4

Conclusion

This dissertation investigates the predictability of option-implied moments to future returns
from the international perspective. The first essay shows the relationship in the currency mar-
kets while the second essay investigates the predictability of option-implied skewness on the
future international stock index returns.

In the first essay, we document the relationship between information extracted from the
currency options and carry trade returns from both the cross-section and time-series perspec-
tives. In the cross-section, if the option-implied returns of a carry trade currency pair are
more volatile, more left-skewed, and have fatter tails than those of other currency pairs in
the same period, we find that the currency pair is predicted to have greater future excess re-
turns. Based on these results and compared with benchmark strategies, the option-implied
information strategies perform better because the option-implied moments contain forward-
looking features. In the time-series, if the option-implied return skewness reaches a historically
low level, future excess returns are forecasted to be smaller. Therefore, the carry trader may
unwind his or her carry trade position or, more aggressively, execute an “anti-carry trade”
when the option-implied skewness approaches a very negative level compared to its historical
records.

In the second essay, we investigate the relation between ex ante information extracted from

country-specific index options and subsequent returns on the international investments from
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both cross-sectional and time-series perspectives. We show that option-implied skewness have
negative effects on USD-based future international index returns. In the cross-section, our
empirical finding reveal a significantly negative relation between ex ante skewness and subse-
quent returns, which is consistent with the intuition that an international investor exposed to
greater skewness risks is compensated by a higher future skewness premium. Moreover, we
document an insignificant relation between ex ante volatility and future international index
returns. This result shows that either investor’s demand for hedging against changes in market
volatility or volatility feedback effect is not able to explain the activities in international index
markets. The findings are different from the empirical results with regards to domestic U.S.
stock markets. We form an international trading strategy based on sorting ex ante skewness,
which outperforms the benchmark strategies, including the macroeconomic variables, sensitiv-
ities to international risk factors, and realized return moments. In the time series, we document

existence of a skewness premium for Asian and non-euro area European stock indice.
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Appendix A

Implied Moments from Currency Options

Bakshi, Kapadia, and Madan (2003) propose a method to extract model-free implied skew-
ness and kurtosis from options. They assume that there exist hypothetical swaps, the payoffs
of which equal the non-central moments of the log returns. The kth non-central moments are

defined as

k
S
Ui =E2 [(ln %) ] ,where k = {1,2,3,4}. (A.1)

t
The time-t prices of the non-central second, third, and fourth moment hypothetical swaps,
which can be computed by constructing the appropriate portfolios of calls and puts, are as

follows:

©2(1-mk) S2(1+1n%)
Swap, (1) = tht(K, 7)dK + TPt(K, 7)dK, (A.2)
S, 0
2 2
c>o61n55r—3(ln55t) St6ln%+3(ln%)
Swap, (1) = — G K+ — &K, (A.3)
S 0

t

2 3 S, s, 2 s, 3
Swap4,t(’r)=/0012(ln£) K:4(ln£> Ct(K,T)dK+/ 12(1n§<>K42-4(ln§<> P.(K,7)dK, (A.4)
S 0

t

where C,(K,7) and P,(K, 7) are the prices of call and put options with strike exchange rates

K and 7 periods to maturity. Because the above swap prices are discounted from maturity to

76



time t, the non-central moments are adjusted as

Ui (1) = exp(r, - 7) - Swap, .(7); where k = {2, 3, 4}. (A.5)

Therefore, the model-free option-implied moments under the risk-neutral Q probability can

be derived as

ivol®(1) = (g, (1) — g, (T)H), (A.6)
iskew?(7) = Us, (T) =3y (T) - g (T)+2- Hl,t(T)S (A7)
f (e (0) = piy ()2
J— . . . . 2— . 4
ikurt®(r) = Ug (T) =4 g -y ((T)+ 67y (T) - g ()" =3~ 1y, (7) ’ (A8)

(t2e(7) = 1, (7)°)’
where ivol is the implied standard deviation or the implied volatility, iskew is the implied
skewness, and ikurt is the implied kurtosis.

In computing the time-t prices of hypothetical swaps, one needs a continuum of out-of-the-
money strike prices and the respective call and put prices. Thus, interpolation, extrapolation,
and discretization are needed. We discretize the range of integration of the moneyness onto a
grid of 1000 points, or the increment of strikes (AK) equal to 0.2% of the standard deviation.!
We extrapolate the option-implied volatility below the lowest and above the highest available
strikes by appending flat tails.> Moreover, in our sample, the deepest out-of-the-money options
exceed 1.5 standard deviations and often exceed two standard deviations from the underlying

exchange rates from both sides. Thus, the extrapolated range is relatively unimportant.> The

!Jiang and Tian (2005) show that the discretization errors are negligible when AK is smaller than 35% of its
standard deviation or when the grid contains more than 20 points.

2Jiang and Tian (2005) indicate that the implied higher moments are estimated more precisely by extrapolating
flat tails at the level of the last quoted implied volatility at the most extreme available strikes than by simply
truncating the range of strikes used in the computation.

3Jiang and Tian (2005) discuss the truncation error of simply truncating the integration at the most extreme
available strikes rather than extrapolating the flat tails. This truncation error accounts for only 0.5% of the true
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infinite sum in our computation is truncated at strike exchange rates equal to 0.1 and 3.5 times
spot rates.* Based on Jiang and Tian (2005), the errors from truncation and discretization in
our computation are negligible.

For interpolation of the complete option-implied volatilities across different strikes, we ap-
ply a cubic spline interpolation technique. A cubic spline is superior to a low-order polynomial
because it has greater flexibility in the shape of the fitted volatility smile and is also effective

at smoothing the fitted function. See Bu and Hadri (2007).

realized volatility when the strikes of deepest out-of-the-money options are 1.5 standard deviations from the
underlying asset prices. Furthermore, the estimated truncation error is essentially negligible when the strike
prices are at two standard deviations from the underlying prices.

“In the case of developed countries, the strike exchange rates of all available deepest out-of-the-money options
hardly exceed this range given any time to maturity. Hence, the resulting truncation errors after considering
extrapolation are negligible.
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Appendix B
Supplemental Descriptive Statistics for Chap-

ter 2

Figure B.1 shows the time variation of the risk-free interest rates for the currencies in our

sample.
[Insert Figure B.1 around here.]

The forward premium approximately equals the negative interest rate differential, after
considering the fraction of a year. Figure B.2 displays additional evidence that the Japanese
interest rates are lowest in most of the time periods considered. The forward premiums of the
cross-yen pairs are negative except for few days in the exchange rate from the Swiss franc to

the Japanese yen.
[Insert Figure B.2 around here.]
Table B.1 shows the time-series statistics of the option-implied volatility and kurtosis.

[Insert Table B.1 around here.]
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Appendix C

Supplemental Results for Chapter 2

C.1 The Performance of Portfolio Strategies: Minimum-Variance
and Mean-Variance Portfolios

Figures C.1 and C.2 illustrate that the portfolios based on all strategies (dark gray lines
with square symbols) always beat the portfolios based on only benchmark strategies (light
gray lines with cross symbols). As with the results shown in Subsection 2.5.4, including the
option-implied information strategies in the portfolios always benefits carry traders.!

Moreover, these figures show that the cumulative returns of the portfolios that allow for
anti-carry trades (black lines with circle symbols) usually beat those of the portfolios that ex-
ecute only carry trades (dark gray lines with square symbols), especially during and after the

recent financial crisis.
[Insert Figure C.1 around here.]

[Insert Figure C.2 around here.]

In the mean-variance optimization, the portfolios with only the benchmark strategies and with all the strate-
gies identically place high weights on the macroeconomic strategies. The reason is that the optimization program
depends on the historical returns, and the macroeconomic data are sensitive to the historical returns.
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C.2 Carry Trades and Anti-Carry Trades: Minimum-Variance
and Mean-Variance Portfolios

Figure C.3 and Figure C.4 show that a trader can frequently make profits by executing anti-
carry trades based on time series of the option-implied skewness. In particular, the JPY- and
CHF-based portfolios that allow for anti-carry trades usually outperform those that execute

only carry trades. See the discussion in Subsection 2.6.3.
[Insert Figure C.3 around here.]

[Insert Figure C.4 around here.]
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Figure 2.1: Cumulative Returns of Individual Carry Trade Strategies

Panel A: Funded by JPY
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Notes: We plot the cumulative returns of seven individual carry trade strategies. An individual trade strategy is formed by sorting one of the
following characteristics, investing in the most beneficial quartile of high-yield currencies and borrowing a low-yield currency. The charac-
teristics include Iskew (implied skewness), Ikurt (implied kurtosis), Ivol (implied volatility), Rate (interest rate differential), SR (momentum
of spot exchange rate movements), CATOGDP (current account standardized by GDP), and CPIMOM (purchasing power). See Subsections

2.5.1 and 2.5.2. Cumulative returns are from the beginning of the sample period, April 2002, to the date on the horizontal axis.
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Figure 2.2: Cumulative Returns of the Equal-Weighted Portfolio Strategies

Panel A: Funded by JPY
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Notes: We plot the cumulative returns of the equal-weighted portfolios. The portfolio is formed by equally weighting the available strategies.
See Subsection 2.5.4. “Benchmark strategies” are proposed in the literature and related to realized market and economic variables, including
Rate, SR, CATOGDE and CPIMOM. We propose the option-implied information strategies, including Iskew, Ikurt, and Ivol. “All strategies”
include both benchmark and the option-implied information strategies. “Allowing for anti-carry trades” means a trader executes anti-carry
trades rather than carry trades when the option-implied skewness is ranked in the bottom five over the last 36 months. See Subsection 2.6.3

for details. Cumulative returns are from the beginning of the sample period, April 2002, to the date on the horizontal axis.
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Figure 2.3: Improvements from Allowing for Anti-Carry Trades:
Strategies

Panel A: Funded by JPY
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Notes: The figure plots whether a trader benefits from the ability to execute anti-carry trades. The horizontal plane is constructed by two axes,

month (m) and percentile (n): A trader executes an anti-carry trade when the option-implied skewness is ranked in the bottom nth percentile

over the last m months. The vertical axis represents the difference between the Sharpe ratios of (i) the portfolio that allows for anti-carry

trades and (ii) the portfolio that executes only carry trades. Black shading indicates that the difference in the Sharpe ratios is negative. Gray

and light gray shading mean that the difference in the Sharpe ratios is positive. The equal-weighted portfolio is formed by equally weighting

all strategies. See Subsections 2.5.4 and 2.6.3.
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Figure 3.1: Performance of the Option-Implied Trading Strategies
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Notes: We plot the cumulative returns of individual trading strategies. An individual trading strategy is con-
structed by a long-short portfolio with buying and holding the most beneficial quartile and simultaneously short-
selling of the least beneficial quartile based on one of the following characteristics of the international stock
indices. We propose option-implied strategies: iskew (option-implied skewness) and ivol (option-implied volatil-

ity). Cumulative returns are from the beginning of the sample period, January 2010, to the date on the horizontal

axis.

85



Figure 3.2: Performance of the Trading Strategies
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Figure 3.2: (Continued)
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Notes: We plot the cumulative returns of individual trading strategies. An individual trading strategy is con-
structed by a long-short portfolio with buying and holding the most beneficial quartile and simultaneously short-
selling of the least beneficial quartile based on one of the following characteristics of the international stock
indices. We propose option-implied strategies: iskew (option-implied skewness) and ivol (option-implied volatil-
ity), which are plotted in all panels. The benchmarks in Panel A include the GDP growth, the inflation, and the
change in REER as the macroeconomic characteristics. The benchmarks in Panel B include the sensitivities to the
international market factor in the CAPM (“CAPM Market”), the loadings to the size (“FF3 SMB”) and book-to-
market (“FF3 HML”) factors in the Fama-French international three-factor model, and the loading to the momen-
tum factor (“FF4 Momentum”) in the Fama-French and Carhart international four-factor model. The benchmarks
in Panel C include the USD-based international index realized return moments: realized skewness (“rskew”) and
realized volatility (“rvol”). Cumulative returns are from the beginning of the sample period, January 2010, to the

date on the horizontal axis.
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Figure B.1: Short-Term Risk-free Interest Rates
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Notes: The figure shows the short-term risk-free annualized interest rates for different currencies. JPY is the
Japanese yen. CHF is the Swiss franc. USD is the US dollar. The average of seven high-yield currencies is the
average of the Australian dollar, the Canadian dollar, the Euro, the British pound, the Norwegian krone, the New

Zealand dollar, and the Swedish krona.
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Figure B.2: One-Month Forward Premiums for Cross-JPY Pairs
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Notes: The figure plots annualized one-month forward premiums for cross-JPY pairs. Forward premiums of a
currency pair approximately equal the negative interest rate differential between two currencies. “CHFJPY” is the
exchange rate from the Swiss franc to the Japanese yen. “USDJPY” is the exchange rate from the US dollar to
the Japanese yen. The average of seven high-yield currencies against JPY is the average of the Australian dollar,
the Canadian dollar, the Euro, the British pound, the Norwegian krone, the New Zealand dollar, and the Swedish

krona against the Japanese yen.
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Figure C.1: Cumulative Returns of the Minimum-Variance Portfolio Strategies

Panel A: Funded by JPY
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Panel C: Funded by USD

Portfolio Based on Benchmark Strategies —— Carry Trades Only

— Portfolio Based on All Strategies —- Carry Trades Onl
—_— Portfolio Based on All Strategies -- Allowing for Anti-Carry Trades|

2.a o

=

2.0 -
P2 1
= 1.8 -
=
= N
w 1.6 —
= g
=
= 1.4 -
=
= g
S Lo 4]

1.0 —

-8 T T T T T T
2002 2004 2006 2008 2010 2012 2014
Date

Notes: The Minimum-variance portfolio is formed by minimizing the return volatility. See Subsection 2.5.4. “Benchmark strategies” are
proposed in the literature and related to realized market and economic variables, including Rate, SR, CATOGDE and CPIMOM. We propose
the option-implied information strategies, including Iskew, Ikurt, and Ivol. “All strategies” include both benchmark and the option-implied
information strategies. “Allowing for anti-carry trades” means that a trader executes anti-carry trades rather than carry trades when the option-
implied skewness is ranked in the bottom five over the last 36 months. See Subsection 2.6.3. Cumulative returns are from the beginning of

the sample period, April 2002, to the date on the horizontal axis.
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Figure C.2: Cumulative Returns of the Mean-Variance Portfolio Strategies

Panel A: Funded by JPY

Portfolio Based on Benchmark Strategies —— Carry Trades Only
—— P Ortfolio Based on All Strategies —— Carry Trades Only
— P Ortfolio Based on All Strategies —— Allowing for Anti-Carry Trades|
= a —
2.2 -
2.0 -
= 1
= 1.8 —
=
= 1
1.6 -
2 i
=
= 1.4 -
= e
< a1z
1.0 -
" zoo= =zoco0a4 zoo6 zocos ERT) 2012 2014
Date
Portfolio Based on Benchmark Strategies —— Carry Trades Only
— Portfolio Based on All Strategies —— Carry Trades Only
— P Oortfolio Based on All Strategies —— Allowing for Anti-Carry Trades|
= a —
2.2 -
2.0 -
= 1
E 1.8+
= b
X 1.6 -
= i
=
= 1.4 -
=
= g
< 1.z
1.0 —
o.s T T T T T T
200z 2004 2006 zoos zo10 zo1=2 z2o14a
Date
Portfolio Based on Benchmark Strategies —— Carry Trades Only
— P ortfolio Based on All Strategies - Carry Trades Onl
— Portfolio Based on All Strategies —— Allowing for Anti-Carry Trades|
=.a o
=z -
2.0 -
P2 1
= 1.8 -
=
= ]
o 1.6 —
= 4
=
= 1.4 -
=
= E
[ —
1.0 —
-8 T T T T T T
2002 2004 2006 2008 2010 2012 2014

Date

Notes: The Mean-variance portfolio is formed by balancing from the impact of the return volatilities and the returns themselves. See Subsection
2.5.4. “Benchmark strategies” are proposed in the literature and related to realized market and economic variables, including Rate, SR,
CATOGDE and CPIMOM. We propose the option-implied information strategies, including Iskew, Ikurt, and Ivol. “All strategies” include both
benchmark and the option-implied information strategies. ‘Allowing for anti-carry trades” means that a trader executes anti-carry trades
rather than carry trades when the option-implied skewness is ranked in the bottom five over the last 36 months. See Subsection 2.6.3 for

details. Cumulative returns are from the beginning of the sample period, April 2002, to the date on the horizontal axis.
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Figure C.3: Improvements from Allowing for Anti-Carry Trades: Minimum-Variance Portfolio
Strategies
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Notes: The figure plots whether a trader benefits from allowing the execution of anti-carry trades. The horizontal plane is constructed by
two axes, month (m) and percentile (n): A trader executes an anti-carry trade when the option-implied skewness is ranked in the bottom
nth percentile over the last m months. The vertical axis represents the difference between the Sharpe ratios of (i) the portfolio that allows
for anti-carry trades and (ii) the portfolio that executes only carry trades. Black shading indicates that the difference in the Sharpe ratios is
negative. Gray and light gray shading mean that the difference in the Sharpe ratios is positive. The Minimum-variance portfolio is formed by

minimizing the return volatility using all strategies. See Subsections 2.5.4 and 2.6.3.
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Figure C.4: Improvements from Allowing for Anti-Carry Trades: Mean-Variance Portfolio
Strategies
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Notes: The figure plots whether a trader benefits from allowing the execution of anti-carry trades. The horizontal plane is constructed by
two axes, month (m) and percentile (n): A trader executes an anti-carry trade when the option-implied skewness is ranked in the bottom
nth percentile over the last m months. The vertical axis represents the difference between the Sharpe ratios of (i) the portfolio that allows
for anti-carry trades and (ii) the portfolio that executes only carry trades. Black shading means that the difference in the Sharpe ratios is
negative. Gray and light gray shading mean that the difference in the Sharpe ratios is positive. The Mean-variance portfolio is formed by

balancing from the impact of the return volatilities and the returns themselves using all strategies. See Subsections 2.5.4 and 2.6.3.
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Table 2.1: Descriptive Statistics: Risk-free Interest Rates

Currencies Mean (%) StDev (%)
JPY 0.1456 0.1857
UsD 1.4248 1.6646
CHF 0.7962 0.9057
AUD 4.8813 1.3629
CAD 2.0058 1.2794
EUR 1.7013 1.4391
GBP 2.6361 2.1072
NOK 3.2927 1.6814
NZD 4.7420 2.0128
SEK 2.3443 1.2925

" Notes: Time-series averages and standard deviations. The sample period is from April 1, 2002, to August 22,

2014.
Table 2.2: Descriptive Statistics: Currency Returns and Forward Premiums
Funding XR FP
Currencies | Mean  StDev Min Max Mean StDev Min Max
JPY 0.0520 0.4724 -4.0864 2.7034 | -0.0300 0.0199 -0.2017 0.1260
usSDh 0.0526 0.3923 -3.1035 2.1522 | -0.0131 0.0179 -0.1830 0.1282
CHF 0.0142 0.3429 -2.5226 29198 | -0.0252 0.0167 -0.1895 0.1258

* Notes: We tabulate the time-series statistics of the excess returns and forward premiums. The sample period is

from April 1, 2002, to August 22, 2014. XR is the annualized one-month excess return, and FP is the annualized

one-month forward premium.
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Table 2.3: Descriptive Statistics: Option-Implied Skewness

Currency Pairs | Mean StDev Min Max
AUDJPY -1.0254 0.3446 -1.7650 -0.2357
CADJPY -0.8878 0.3633 -1.6285 -0.0605
EURJPY -0.7737 0.4528 -1.6137 0.0513
GBPJPY -0.8164 0.4127 -1.6931 0.0186
NOKJPY -0.8880 0.3738 -2.4027 -0.0901
NZDJPY -1.0732 0.2863 -1.7917 -0.2635
SEKJPY -0.8526 0.4002 -1.5254 0.0081

AUDUSD -0.9547 0.4018 -1.7503 0.0760
CADUSD 0.3457 0.3764 -0.8291 1.2272
EURUSD -0.5744 0.4400 -1.3373 0.1974
GBPUSD -0.5631 0.4078 -1.4588 0.0265
NOKUSD 0.5957 0.4198 -0.7078 1.5288
NZDUSD -1.0942 0.3573 -1.6251 0.0716
SEKUSD 0.5453 0.4151 -0.6762 1.3336
AUDCHF -0.8833 0.3526 -1.6673 0.1054
CADCHF -0.5656 0.3602 -1.1372  0.0200
EURCHF -0.4795 0.4525 -3.2981 0.1650
GBPCHF -0.5902 0.3985 -1.5549 0.0253
NOKCHF 0.2310 0.4148 -0.7501 1.4131
NZDCHF -0.9674 0.3214 -1.6455 0.1126

SEKCHF 0.1857 0.3873 -0.9152 1.4054

* Notes: We tabulate the time-series statistics of the option-implied skewness. The sample period is from April
1, 2002, to August 22, 2014. Option-implied skewness is annualized and extracted from one-month currency

options using the method of Bakshi, Kapadia, and Madan (2003).
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Table 2.4: Cross-Sectional Results of Implied Skewness

Panel A: Forward Premium

Independent ImpliedSkew
Dependent Coef. Std. Err  Avg R> AR(1)
0.0816* 0.0023 0.544 No
JPY
0.0015* 0.0004 0.990 Yes
0.0152* 0.0003 0.407 No
FP, USD
0.0003* 0.0001 0.990 Yes
0.0219* 0.0005 0.399 No
CHF
0.0005* 0.0001 0.990 Yes
Panel B: Interest Rate Differential
Independent ImpliedSkew
Dependent Coef.  Std. Err Avg R?
JPY -0.0746* 0.0021 0.458
RD, USD -0.0115* 0.0003 0.300
CHF -0.0168* 0.0004 0.290

* Notes: FP is the annualized one-month forward premium. RD is the annualized interest rate differential between
the high-yield currency and the low-yield currency. We estimate each cross-sectional regression at each time t.
Then, we show the Fama-MacBeth regression results of the coefficients [3 We present robust standard errors
based on Petersen (2009). Panel A shows the empirical results of Fama-MacBeth Regression (1.a): FP;, = a, +
B1.a, - iskew;, + €;,. Panel B shows the empirical results of Fama-MacBeth Regression (1.b): RD;, = a, + 1 p, -

iskew;, + €;;. AR(1): To check the robustness, the results alternatively add the lagged forward premium as an

additional independent variable in Panel A. * indicates significance at the 5% level.
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Table 2.5: Option-Implied Moments and Future Excess Returns

Panel A: Implied Skewness

Independent ImpliedSkew
Dependent Coef.  Std. Err  Avg R> AR(1)
IPY -0.0620*  0.0270  0.247 No

-0.0640* 0.0298 0.450  Yes
-0.0148* 0.0042 0215 No
XRi11 usb -0.0225* 0.0049 0.433  Yes
20.0211* 0.0056 0245  No
-0.0288* 0.0065 0.447  Yes

CHF

Panel B: Implied Kurtosis
Independent ImpliedKurt
Dependent Coef.  Std. Err AvgR> AR(1)
0.0662* 0.0114 0.238  No
0.0715*  0.0139 0.448  Yes
0.0523* 0.0078 0.228  No
XRi11 usb 0.0674* 0.0091 0.445  Yes
0.0734* 0.0092 0.266 No
0.0717* 0.0099 0.461  Yes

JPY

CHF

Panel C: Implied Volatility
Independent ImpliedVol
Dependent Coef.  Std. Err  AvgR> AR(1)
4.8614* 0.6023 0.218 No
4.6011* 0.6434 0.425  Yes
3.6131* 0.4033 0.213 No
XRi11 usb 3.5522% 0.4712 0.422  Yes
3.5959* 0.4745 0.250 No
3.7676* 0.4685 0.442  Yes

JPY

CHF

" Notes: XR,,; is the annualized one-month excess return realized at (t + 1). We estimate each cross-sectional
predictive regression at each time (t+1). Then, we show the Fama-MacBeth regression results of the coefficients /3
We present robust standard errors based on Petersen (2009). Panel A shows the empirical results of Fama-MacBeth
Regression (2.a): XR; ;11 = a, + 335, - iskew;, + &; ,,,. Panel B shows the empirical results of Fama-MacBeth
Regression (2.b): XR; ;1 = a, + By, - ikurt;, + &; ;1. Panel C shows the empirical results of Fama-MacBeth
Regression (2.¢): XR; 11 = a, + fy¢, - ivol;, + &; 1. AR(1): To check the robustness, the results alternatively

add the lagged excess return as an additional independent variable. * indicates significance at the 5% level.
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Table 2.6: Carry Trade Returns and Downside Market Risk

Market Factor

Dependent: XR; ; — B - Tm.t

Coefficient RXpy RXp
Adownside 0.0358* 0.8159*
(0-0118) (0-1109)
a -0.0020 -0.0090
(0-0038) (0-0047)
R? 0-2134 0-1965

* Notes: XR, is the contemporaneous annualized one-month excess return. We estimate the Fama-MacBeth re-
gression: (XRl-,t — /31‘ . rm’t) = a; + Adownside,t * (ﬁl’ - /31) +e ;. B~ is the sensitivity to downside market return,
documented in Lettau, Maggiori, and Weber (2014). We apply two different market factors: foreign exchange
market excess returns (RXry) and equity market excess returns (RXy). The former factor documented in Lustig,
Roussanov, and Verdelhan (2011) is the average excess return on all foreign currency portfolios denominated
in the USD in our sample. The latter factor is defined in the CAPM with the stock index return as the proxy

for the market return. We present robust standard errors based on Petersen (2009) in parentheses. * indicates

significance at the 5% level.
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Table 2.8: The Performance of Individual Carry Trade Strategies

Funding currency: JPY Mean Std Sharpe CE
Rate 0.0750 0.4890 15.33% 5.11%
Benchmark Strategies SR 0.0321 0.4500 7.12% 1.18%
CATOGDP 0.0404 0.4563 8.85% 1.96%
CPIMOM  0.0482 0.4294 11.22% 2.98%
O D e Iskew 0.0665 0.4754 13.98% 4.39%
- Tkurt 0.0926 0.4896 18.92% 6.86%
Ivol 0.0886 0.4968 17.84%  6.40%
Funding currency: USD Mean Std Sharpe CE
Rate 0.0824 0.4123 19.98% 6.54%
Benchmark Strategies SR 0.0374 0.3594 10.41% 2.45%
CATOGDP 0.0461 0.4008 11.51% 3.01%
CPIMOM  0.0544 0.3658 14.87% 4.10%
L Iskew 0.1006 0.3974 25.32% 8.48%
St Ikurt 0.0976 0.4260 22.91% 7.95%
Ivol 0.0872 0.4077 21.38% 7.06%
Funding currency: CHF Mean Std Sharpe CE
Rate 0.0347 0.3553 9.76% 2.21%
Benchmark Strategies SR 0.0028 0.3102 0.92% -0.68%
CATOGDP 0.0090 0.2957 3.03% 0.02%
CPIMOM  0.0148 0.2875 5.15% 0.65%
L Iskew 0.0692 0.3276 21.13% 5.85%
St Ikurt 0.0731 0.3620 20.18%  5.99%
Ivol 0.0772 0.3801 20.31% 6.27%

* Notes: Each trade strategy is formed by sorting on one of the characteristics, investing in the most beneficial

quartile of high-yield currencies and borrowing a low-yield currency. The characteristics are Iskew (implied skew-

ness), Ikurt (implied kurtosis), Ivol (implied volatility), Rate (interest rate differential), SR (momentum of spot

exchange rate movements), CATOGDP (current account standardized by GDP), and CPIMOM (purchasing power).

Benchmark strategies are proposed in the literature and related to realized returns and economic variables, in-

cluding Rate, SR, CATOGDE and CPIMOM. We propose the option-implied information strategies, including Iskew,

TIkurt, and Ivol. We compute certainty equivalent excess returns (CE) using the constant absolute risk aversion

(CARA) utility function with risk aversion coefficient 5.
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Table 2.10: Time-Series Results for Option-Implied Skewness and Carry Trade Excess Returns

Independent ImpliedSkew
Dependent Coef.  Std. Err  R?

AUDJPY 0.1373* 0.0344 0.0075
CADJPY 0.1083* 0.0279 0.0071
EURJPY 0.1430* 0.0203 0.0230
GBPJPY 0.2135* 0.0225 0.0411
NOKJPY 0.1451* 0.0288 0.0119
NZDJPY 0.2725* 0.0425 0.0191
SEKJPY 0.1208* 0.0263 0.0099
AUDUSD -0.0186 0.0249 0.0003
CADUSD 0.0007 0.0189 0.0000
EURUSD 0.0485* 0.0183 0.0033
XR, ., GBPUSD 0.0583* 0.0178 0.0051
NOKUSD -0.0217 0.0217 0.0005
NzDUSD 0.1039*  0.0287 0.0062
SEKUSD 0.0157 0.0226 0.0002
AUDCHF 0.0552* 0.0261 0.0021
CADCHF 0.0378 0.0239 0.0012
EURCHF 0.0048 0.0101 0.0001
GBPCHF 0.1305* 0.0167 0.0281
NOKCHF 0.0025 0.0169 0.0000
NZDCHF 0.0418 0.0290 0.0010
SEKCHF 0.0099 0.0175 0.0002

* Notes: XR,,; is the annualized one-month excess return realized in the next month (t + 1). We estimate the
time-series regression given a currency pair i. Regression (5) XR;.,; = a; + 35, - iskew;; +¢; 7. * indicates

significance at the 5% level. 102
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Table 3.1: Sample of International Index ETF Options

Country Benchmark Index (tracked by the ETF) Start Date
Euro Area

Euro Area MSCI EMU Index 03/06/2008
Germany MSCI Germany Index 01/02/2008
France MSCI France Index 08/10/2011
Italy MSCI Italy 25/50 Index 07/13/2010
Spain MSCI Spain 25/50 Index 01/02/2008
Netherlands MSCI Netherlands Index 08/14/2013
Belgium MSCI Belgium Capped Index 09/18/2013
Non-Euro Area Europe, the Middle East, and Africa (EMEA)

United Kingdom MSCI United Kingdom Index 01/02/2008
Switzerland MSCI Switzerland 25/50 Index 02/19/2008
Sweden MSCI Sweden Index 01/03/2008
South Africa MSCI South Africa Index 01/02/2008
Asian-Pacific

Japan MSCI Japan Index 01/02/2008
Korea MSCI Korea 25/50 Index 01/02/2008
Hong Kong MSCI Hong Kong Index 01/02/2008
Taiwan MSCI Taiwan Index 01/02/2008
Singapore MSCI Singapore Index 11/18/2009
Malaysia MSCI Malaysia Index 03/12/2008
Thailand MSCI Thailand Index 02/07/2014
Australia MSCI Australia Index 01/02/2008
North America

Canada MSCI Canada Index 01/02/2008
United States S&P 500 01/02/2008
Latin America

Mexico MSCI Mexico Index 01/02/2008
Brazil MSCI Brazil 25/50 Index 10/16/2008

* Notes: We report the benchmark index that the ETF tracks and the start date for the available option data for
each country or region listed. The end dates for all indices are the end of 2017. In the U.S. data, the options are

directly based on the S&P 500 index instead of the ETE All data are retrieved from OptionMetrics.
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Table 3.2: Descriptive Statistics: Option-Implied Volatility and Skewness

Volatility (%) Skewness
Country N
Mean Std P20 P50 P80 | Mean Std P20 P50 P80
Euro Area 7.72 324 523 7.03 9.34]| -1.16 038 -1.36 -1.21 -1.02 | 1924
Germany 7.04 266 506 652 862 | -1.20 0.22 -1.32 -1.22 -1.12 | 1998
France 8.22 3.07 598 7.52 9.78 | -1.26 0.33 -1.44 -1.27 -1.07 | 1594
Italy 881 5.02 617 772 1052 | -0.80 0.85 -0.76 -0.75 -0.73 | 1866
Spain 941 3.26 6.68 8.88 11.57 | -1.07 0.51 -1.30 -1.16 -1.00 | 1998
Netherlands 6.01 194 473 571 6.77 | -1.30 0.46 -1.55 -1.32 -1.02 | 1095
Belgium 743 189 595 727 886 | -1.29 0.53 -1.61 -1.30 -0.89 | 1071

United Kingdom  6.09 298 3.99 5.39 761 | -0.89 0.92 -0.77 -0.76 -0.75 | 1996

Switzerland 5.67 207 424 537 640 | -1.26 045 -1.51 -1.26 -0.99 | 1460
Sweden 9.03 3.21 6.48 834 10.79 | -1.06 0.72 -1.42 -1.21 -0.89 | 1534
South Africa 9.17 256 719 858 11.10 | -1.12 0.22 -1.24 -1.13 -1.02 | 1998
Japan 5.12 135 4.14 4.99 590 | -0.83 0.18 -0.77 -0.76 -0.76 | 1997
South Korea 6.92 227 520 633 816 | -1.13 0.13 -1.21 -1.11 -1.03 | 1998
Hong Kong 565 1.61 4.39 5.33 6.44 | -1.13 0.23 -1.28 -1.15 -1.01 | 1998
Taiwan 573 1.59 4.47 543 6.65| -0.82 0.15 -0.77 -0.76 -0.75 | 1997
Singapore 584 249 408 535 7.20 | -0.83 0.60 -0.77 -0.76 -0.75 | 1997
Malaysia 6.12 293 443 544 732 | -081 049 -0.77 -0.76 -0.75 | 1996
Thailand 771 228 573 738 972 -1.12 046 -1.39 -1.10 -091 | 975
Australia 785 254 582 748 932 | -1.05 0.51 -1.25 -1.14 -0.98 | 1998
Canada 6.61 2.02 514 629 7.67 | -1.22 0.34 -1.37 -1.23 -1.10 | 1997
United States 4.62 1.68 337 4.24 560 | -1.40 0.15 -1.49 -1.38 -1.29 | 2013
Mexico 6.82 1.82 539 653 7.85| -1.17 0.10 -1.25 -1.17 -1.09 | 1998
Brazil 9.27 252 7.29 8.76 11.07 | -1.04 0.17 -1.14 -1.05 -0.96 | 1998

* Notes: We present the descriptive statistics of option-implied volatility and skewness for each country in
our sample. We report the mean, standard deviation, and the 20th, 50th, and 80th percentiles of our daily
sample. The volatilities are monthly and presented as percentages. The underlying return distribution is
USD-based. We calculate option-implied moments by using the methodology proposed in Bakshi, Kapadia,

and Madan (2003). All data are retrieved from Opti%nsl\/letrics.
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Table 3.5: Cross-Sectional Predictive Double-Sorted Portfolios: Option-Implied Moments

Double Sorting iskew Terciles

1 (Low) 2 3 (High) | Low-High

1 (Low) 0.0802 0.0164 0.0224 0.0579

.67 (114 (1.47) (7.21)
2 0.0283 0.0284 0.0175 0.0109
(1.57) (1.53) (0.98) (1.00)

3 (High) 0.0053 0.0078 0.0278 -0.0225

ivol Terciles

(0.24) (0.34) (1.13) (-1.62)

Low-High | 0.0749 0.0086 -0.0054 0.0804
(5.67) (0.53) (-0.32) (5.20)

* Notes: This table presents the results of double sorts on option-implied ex ante skewness and volatility. We inde-
pendently sort countries into tercile portfolios based on ex ante skewness and volatility and then form portfolios
based on the intersection of these two moments. Tercile 1 contains stocks with the lowest iskew (in columns) or
ivol (in rows) and Tercile 3 contains those with the highest ones. The sorted portfolios are equally weighted and
rebalanced each month. We report the expected subsequent annualized returns for each of the three-by-three
portfolios and Newey and West (1987) t-statistics in parentheses. Significant coefficients at the 90% confidence

level are boldfaced.
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Table 3.7: Cross-Sectional Return Predictability of Option-Implied Moments: Controlling for
the CAPM Market Factor

Dependent Variable: Future Returns

D 2 €)) 4 ) (6)
iskew -0.0014 -0.0021  -0.0033 -0.0037
(0.0007) (0.0008) (0.0007) (0.0008)
ivol -0.0680  -0.0904 -0.0663  -0.0861
(0.0237)  (0.0253) (0.0225) (0.0243)

Market factor loadings  -0.0006  -0.0003 0.0003  -0.0013  -0.0001 0.0000
(0.0016) (0.0017) (0.0017) (0.0016) (0.0017) (0.0018)

Lagged returns -0.0867 -0.0875 -0.0859
(0.0113) (0.0104) (0.0108)

Avg R? 0.19 0.23 0.28 0.29 0.32 0.37

* Notes: The dependent variable is the non-annualized, one-month, USD-based international stock index return

realized at (t + 1). We estimate Fama-MacBeth Regressions 6 to 8:
Rityp1=a,+ B; -imomy, + vy, - X + Eit+1>

where R is the return, “imom” is either one of option-implied moments or a vector containing both option-implied
skewness and volatility, and X is the vector of control variables. Columns (1) to (3) show the predictability of
ex ante skewness and volatility after controlling for the loading on the international market factor in the CAPM.
Columns (4) to (6) show the robust results after additionally controlling for lagged index returns. We present
Newey and West (1987) standard errors in parentheses. Significant coefficients at the 90% confidence level are

boldfaced.
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Table 3.9: Cross-Sectional Return Predictability of Option-Implied Moments: Controlling for
Realized Moments

Dependent Variable: Future Returns

(€Y (2) (3) @ (5) (6)

iskew -0.0016 -0.0015  -0.0027 -0.0027
(0.0008) (0.0009)  (0.0008) (0.0009)

ivol -0.0182  -0.0634 -0.0162  -0.0614
(0.0233) (0.0270) (0.0234) (0.0258)

rskew -0.0058 -0.0050 -0.0045 -0.0039
(0.0012) (0.0011) (0.0012) (0.0011)

rvol -0.0203 -0.0034 -0.0261 -0.0074
(0.0089)  (0.0095) (0.0091) (0.0097)

Lagged returns -0.0658 -0.0806 -0.0762

(0.0110) (0.0102) (0.0103)

Avg R? 0.15 0.23 0.35 0.26 0.32 0.43

* Notes: The dependent variable is the non-annualized, one-month, USD-based international stock index return

realized at (t + 1). We estimate Fama-MacBeth Regressions 6 to 8:
Ripi=o,+ B¢ - imom;, + yx, - X + Eit+1>

where R is the return, “imom” is either one of option-implied moments or a vector containing both option-implied
skewness and volatility, and X is the vector of control variables. Columns (1) to (3) show the predictability of
ex ante skewness and volatility after controlling for the corresponding realized moment(s). Columns (4) to (6)
show the robust results after additionally controlling for lagged index returns. We present Newey and West (1987)

standard errors in parentheses. Significant coefficients at the 90% confidence level are boldfaced.
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Table 3.10: Time-Series Results for Option-Implied Skewness and Future Returns

Dependent Variable: Future Returns

Country iskew St Err R?

Euro Area

Euro Area -0.0076 (0.0022) 0.005
Germany 0.0087 (0.0069) 0.001
France 0.0059 (0.0038) 0.001
Italy 0.0039 (0.0020) 0.002
Spain 0.0014 (0.0030) 0.000
Netherlands 0.0020 (0.0026) 0.001
Belgium 0.0130 (0.0021) 0.035

Non-Euro Area EMEA
United Kingdom -0.0021 (0.0015) 0.001

Switzerland -0.0080 (0.0018) 0.010
Sweden -0.0065 (0.0023) 0.004
South Africa -0.0171 (0.0041) 0.007
Asian-Pacific

Japan -0.0175 (0.0052) 0.004
South Korea -0.0300 (0.0103) 0.003
Hong Kong -0.0130 (0.0057) 0.002
Taiwan -0.0419 (0.0071) 0.014
Singapore -0.0046 (0.0019) 0.003
Malaysia -0.0025 (0.0029) 0.000
Thailand -0.0144 (0.0032) 0.020
Australia 0.0031 (0.0032) 0.000
North America

Canada 0.0117 (0.0042) 0.003
United States -0.0032 (0.0061) 0.000
Latin America

Mexico 0.0246 (0.0136) 0.001
Brazil 0.0205 (0.0101) 0.002

* Notes: The dependent variable is the non-annualized, one-month stock index return realized in the next month

(t +1). We estimate the time-series regression given a country’s stock index i:
Rity1=a; + ;- iskew; +&; 141,

where R is the index return, and “iskew” is option-implied skewness. We present standard errors in parentheses.

Significant coefficients at the 90% confidence level are boldfaced.

113



Table 3.11: Time-Series Results for Option-Implied Volatility and Future Returns

Dependent Variable: Future Returns

Country ivol St Err R?

Euro Area

Euro Area -0.0552 (0.0324) 0.001
Germany 0.0124 (0.0465) 0.000
France 0.0043 (0.0416) 0.000
Italy 0.1162 (0.0337) 0.006
Spain 0.3142 (0.0468) 0.018
Netherlands 0.2254 (0.0619) 0.012
Belgium 0.2085 (0.0592) 0.011

Non-Euro Area EMEA
United Kingdom 0.1115 (0.0380) 0.003

Switzerland -0.1011 (0.0188) 0.015
Sweden 0.1101 (0.0358) 0.005
South Africa 0.2227 (0.0366) 0.015
Asian-Pacific

Japan -0.0696 (0.0410) 0.001
South Korea 0.1461 (0.0398) 0.005
Hong Kong -0.0474 (0.0399) 0.001
Taiwan -0.1036 (0.0453) 0.002
Singapore 0.2722 (0.0443) 0.018
Malaysia -0.0724 (0.0419) 0.001
Thailand -0.3842 (0.0638) 0.036
Australia 0.0909 (0.0433) 0.002
North America

Canada 0.0481 (0.0449) 0.000
United States -0.0863 (0.0359) 0.002
Latin America

Mexico 0.2414 (0.0465) 0.011
Brazil 0.3561 (0.0416) 0.031

* Notes: The dependent variable is the non-annualized, one-month stock index return realized in the next month

(t +1). We estimate the time-series regression given a country’s stock index i:
Ritp1 = a; + ;- ivoly + & 141,

where R is the index return, and “ivol” is option-implied volatility in this table. We present standard errors in

parentheses. Significant coefficients at the 90% confidence level are boldfaced.
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Table 3.12: Time-Series Results for Option-Implied Joint Moments and Future Returns

Dependent Variable: Future Returns

Country iskew St Err ivol St Err R?

Euro Area

Euro Area -0.0082 (0.0027) 0.0153 (0.0396) 0.005
Germany 0.0090 (0.0073) -0.0057 (0.0487) 0.001
France 0.0065 (0.0041) -0.0190 (0.0441) 0.002
Italy 0.0029 (0.0020) 0.1086 (0.0341) 0.007
Spain -0.0075 (0.0032) 0.3605 (0.0508) 0.020
Netherlands -0.0029  (0.0029) 0.2559 (0.0692) 0.013
Belgium 0.0123 (0.0021) 0.1683 (0.0587) 0.042

Non-Euro Area EMEA
United Kingdom -0.0021 (0.0015) 0.1114 (0.0380) 0.004

Switzerland -0.0039 (0.0021) -0.0799 (0.0221) 0.017
Sweden -0.0128 (0.0026) 0.2043 (0.0406) 0.016
South Africa -0.0451 (0.0049) 0.4477 (0.0434) 0.047
Asian-Pacific

Japan -0.0196 (0.0067) 0.0265 (0.0526) 0.005
South Korea -0.0696 (0.0120) 0.2894 (0.0466) 0.019
Hong Kong -0.0121 (0.0061) -0.0179 (0.0425) 0.002
Taiwan -0.0533 (0.0092) 0.1137 (0.0587) 0.015
Singapore -0.0035 (0.0019) 0.2644 (0.0445) 0.020
Malaysia -0.0021 (0.0029) -0.0696 (0.0421) 0.001
Thailand -0.0091 (0.0033) -0.3246 (0.0673) 0.043
Australia 0.0007 (0.0034) 0.0875 (0.0469) 0.002
North America

Canada 0.0117 (0.0045) 0.0012 (0.0483) 0.003
United States 0.0096 (0.0078) -0.1219 (0.0460) 0.003
Latin America

Mexico -0.0161 (0.0158) 0.2699 (0.0544) 0.011
Brazil -0.0373 (0.0119) 0.4412 (0.0496) 0.035

* Notes: The dependent variable is the non-annualized, one-month stock index return realized in the next month

(t +1). We estimate the time-series regression given a country’s stock index i:
Rity1 = a; + B - imom;, +&; 14q,

where R is the index return, and “imom” is a vector containing option-implied skewness and volatility. We present

standard errors in parentheses. Significant coefficients at the 90% confidence level are boldfaced.
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Table B.1: Descriptive Statistics: Option-Implied Dispersion

ImpliedVol ImpliedKurt

Currency Pairs ]
Mean StDev Min Max Mean StDev Min Max

AUDJPY 0.0415 0.0240 0.0161 0.2440 | 1.9693 1.2452 0.0742 4.9768
CADJPY 0.0385 0.0176 0.0141 0.1658 | 1.5932 1.1245 0.0091 4.7679
EURJPY 0.0349 0.0153 0.0137 0.1612 | 1.4804 1.2948 0.0012 4.6605
GBPJPY 0.0355 0.0173 0.0142 0.1723 | 1.4714 1.2907 0.0003 4.8574
NOKJPY 0.0404 0.0180 0.0195 0.1761 | 1.7027 1.1688 0.0350 4.3216
NZDJPY 0.0445 0.0219 0.0184 0.2243 | 2.1530 1.0838 0.1085 4.8371
SEKJPY 0.0407 0.0182 0.0187 0.1733 | 1.7045 1.1737 0.0189 4.3075
AUDUSD 0.0350 0.0151 0.0164 0.1424 | 1.5605 1.1761 0.0723 4.9239
CADUSD 0.0276 0.0105 0.0119 0.0801 | 0.4139 0.6665 0.0000 4.0378
EURUSD 0.0299 0.0101 0.0123 0.0876 | 0.7784 0.9153 0.0001 3.7861
GBPUSD 0.0270 0.0106 0.0128 0.0932 | 0.6809 0.8917 0.0000 3.9876
NOKUSD 0.0352 0.0115 0.0168 0.0990 | 0.8283 0.8130 0.0004 3.9444
NzZDUSD 0.0382 0.0132 0.0181 0.1236 | 1.8732 0.9980 0.0913 4.4919
SEKUSD 0.0355 0.0119 0.0185 0.0970 | 0.8158 0.8755 0.0006 3.9466
AUDCHF 0.0335 0.0139 0.0164 0.1349 | 1.3312 1.0718 0.0629 4.6434
CADCHF 0.0323 0.0101 0.0158 0.0833 | 0.7770 0.8260 0.0050 3.7972
EURCHF 0.0159 0.0094 0.0046 0.0805 | 0.4556 0.8902 0.0000 8.7826
GBPCHF 0.0261 0.0114 0.0113 0.0860 | 0.7044 0.8731 0.0000 4.1281
NOKCHF 0.0267 0.0113 0.0151 0.1014 | 0.3980 0.7872 0.0001 4.3432

NZDCHF 0.0365 0.0120 0.0189 0.1160 | 1.5304 0.9751 0.0698 4.4566

SEKCHF 0.0261 0.0122 0.0119 0.0859 | 0.4137 0.8583 0.0000 4.4954

Notes: We tabulate the time-series statistics of the option-implied dispersion. The sample period is
from April 1, 2002, to August 22, 2014. Option-implied moments are annualized and extracted from

one-month currency options using the method of Bakshi, Kapadia, and Madan (2003).
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